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ABSTRACT. Satellite-observed HRC (Highly Reflective Cloud) data of 13 years from January 1971 to
December 1983 are used for deducing open ocean rainfall over the tropical Indian Ocean. For this purpose, a
comparison is made between satellite-observed monthly HRC frequency and monthly rainfall of eight island
stations over the tropical Indian Ocean. Monthly frequencies of HRCs are statistically tested for linear regression
relationship with 1248 stations months® rainfall. Linear regression equation R=64.7 1-48.9 H (where R=FEstima-
ted rainfall and #—=Monthly HRC frequency) and correlation coefficient (0.74) between HRC frequency and
rainfall are found to be highly significant at 1% level. For the validation of the equation, an independent HRC
data set for the year 1987 has been tested. Isohyetal patterns for this year obtained from HRC data are compared
with isohyetal patterns prepared by India Meteorological Department using INSAT-1B radiance data. Both the
isohyetal patterns almost reflect the similar features. Mean isohyetal patterns derived from HRC data for the
period 1971-1983 are found to be in good agreement with the climatologica! synoptic events persisting over the
tropical Indian Occan. Therefore, it is suggested that HRC data can be used with some confidence for rainfall
estimates over the tropical Indian Ocean.
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1. Introduction

Estimation of rainfall over the oceanic areas is of
great importance not only from the point of view of its
practical utility but also as an input to various atmos-
pheric disciplines. Convection is the main source of
rainfall in the global tropics. Latent heat released
from this convective rainfall is considered as one of the
major forcing mechanism of the general circulation
of the atmosphere. Rasmusson and Carpenter (1982)
have shown that large-scale anomalies in the tropical
rainfall are closely associated with global scale circula-
tion anomalies. Therefore, knowledge of rainfall
estimates averaged over the large areas is escential.
Mintz (1981) has suggested that the information on
rainfall estimates is most important for both numerical
weather prediction and general circulation models.
In the recent years several scientists (e.g., Arkin 1979,

Stout et al. 1979, Griffith ef al. 1981, Rao et al. 1989 and
Bhandari et al. 1987) have devised and tested several
diagnostic methods to estimate rainfall using satellite
data. Martin and Scherer (1973), Barrett and Martin
(1981) and Manikiam (1986) made a comprehensive
review of these methods. Recently an extensive study
on the relationship of highly reflective clouds to
tropical climate anomalies has been carried out by
Hastenrath (1990). Barrett (1970) used ESSA nephanal-
yses for estimating monthly rainfall distribution.
Griffith er al. (1978) proposed an excellent method
of rainfall estimates based on visible and infrared
imagery from geosynchronous satellite by including the
information on the stages of cloud development. This
method was successfully tested during the GATE experi-
ment and was found to yield good results. However,
this method based on hourly digital infrared data may
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not be [easible for practical application to global scale
rainfall estimates, as it requires tremendous amount of
computer time. Kilonsky and Ramage (1976) devised
a simple and inexpensive method of rainlall estimates
based on monthly frequency of highly reflective cloud
(HRC) obtained by ESSA visible daily picture mosaics
over the tropical Pacific Ocean. Garcia (1981) used
HRC data to produce rainfall estimates over the tropi-
cal Atlantic Ocean. The estimates proved to be rea-
sonably close to those obtained by more sophisticated
techniques such as shipboard radar data etc.

Thus, HRC data have been proved to be useful for
rainfall estimates over the tropical Pacific and the
tropical Atlantic Oceans. However, how [ar this data
would be useful for the tropical Indian Ocean has been
assessed in this paper. Therefore, thirteen years of
HRC data are used to establish an empirical relation
between monthly HRC frequency and monthly rainfall
of eight island stations over the tropica' Indian Occan.
Based on this relationship, rainfall estimates over the
oceanic areas are made. A comparison is made between
HRC rainfall estimates and INSAT-1B iainfall estimates
for the year 1987 and mean monthly isohyetal patterns
derived by this method for the monsoon months (June-
September) aie presented.

2. Data

Monthly rainfall data of cight island stations. vi-.,
Amini Divi, Minicoy, Sandheads, Long Islands, Port
Blair, Hut Bay, Car Nicobar and Nancowry over the
Arabian Sea and the Bay of Bengal are used. Their
locations are shown in Fig. I. Monthly frequency of
highly reflective clouds from visible satellite picture
mosaics are extracted from the atlas of *highly reflective
clouds over the global tropics’ (Garcia 1985). HRC
data used here are the record of subjectively identified
areas of large-scale organised convection over the
Indian Ocean on daily day time Mercator projection
mosaics for 13 vears period from 1971 to 1983, The
convection areas appear as highly reflective clouds
in the visible range mosaics and as white areas in the
infrared (IR) range. HRC is defined as a deep. organi-
sed tropical convective system extending at least 200
km horizontally., HRCs are composed of many indi-
vidual convective cells embedded within a common
cirrostratus canopy. These cloud systems commonly
known as cloud clusters are considered to be responsible
for most of the tropical rainfall (Houze 1982).

Until now, the most widely used indicator of large-
scale convection over the global tropics has been out-
going longwave radiation (Gruber and Krueger [984).
In the tropics low values of OLR are found over areas
covered by high clouds with low cloud-top temperatures.
In most cases, such clouds are convective in nature.
However, low OLR values are also associated with non-
convective clouds such as cirrostratus plumes. In
contrast to OLR data, the HRC data used here deli-
berately exclude non-convective cold clouds.

The monthly mean frequency of HRC in the 17 -]
square where cach island is located is used for compari-
son. The analysed period is for 156 months for each
station from January 1971 through December 1983 and
the domain of the study is 15°S to 25°N and 40° E to
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Fig. 1. Locations of island  staticas over the tropical  Indian
Ocean used in the study
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Fig. 2. Scatter diagram of moathly HRC frequency and monthly
rainfall of all island stations used in th2 study. The
straight line is the least syuarz bzst fit. Hz2re. standard
error of estimatesis3.32¢cn

Quantitative Precipitation Estimates (QPE) derived
from INSAT-1B radiance data, prepared by India
Meteorological Department for the year 1987 are used
for comparison with HRC rainfall estimates,

3. Methodology

Monthly HRC frequency at the exact geographical
location ol each island station is picked up from the
atlas, ‘highly reflective clouds over the global tropics’
for the period January 1971 to December 1983 and listed
as the independent variable /. Monthly mean rain‘all
of each island station is considered as the dependent
variable R. Using these two variables linear regression
equations are derived and correlation coefficients are
computed for eight island stations (Table 1). These
equations are statistically tested for their significance.
Similarly regression coefficients of all equations are
tested and found statistically not differing from one
another. In order to obtain a detalied relationship
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TABLE 1

Results of regression analysis

Level  Sta- Location
) ) of tions —~——A———
Station Equation 3 sign. height Lat. Long
%) (m, (°N) (°E)
a.s.l)
Amini Divi R=44 1H+-22.9 .81 1 4 1107 7244
Minicoy R=37.2H-156.9 .14 1 2 818 7309
Sandheads R=549H +71.9 .64 1 10 2051 8815
Long Island R=55.4H179.3 .80 1 25 1225 9256
Port Blair R=46.3H1-94.6 .75 1 79 1140 9243
Hut Bay R=52.5H--75.7 .81 1 5 1035 9233
Car Nicobar R=44.9H +71.8 .73 1 10 910 9250
Nancowry R=39.8H+467.9 .76 1 26 759 9332
All Islands as a
whole R=48.9H*-64.7 .74 1

where, R~ Monthly rainfall in mm,

H — Monthly HRC frequency in 1°x 1% grid over that specific island, and
H*-— Monthly HRC frequency at the location over the tropical Indian Ocean 1°x 1° grid
where the rainfall estimates are required.

between HRC frequency and rainfall, all the data of
eight island stations are clubbed together and a single
scatter diagram is plotted (Fig. 2). Hence, both the
variables comprise 1248-station months’ data for the
entire period from January 1971 to December 1983.
Using this data, a representative linear regression equa-
tion is derived for the tropical Indian Ocean and it is as

follows :

R =064.7 -+ 48 9H
where, R — Monthly rainfall in mm,
and, H — Monthly HRC frequency.

Analysis of variance is made [or testing the signi-
ficance of the regression relationship and correlation
coefficient. For the validation of this equation an
independent HRC data are tested for the year 1987
Rainfall estimates for this year are computed and
isohyetal patterns are drawn. These isohyetal patterns
are then compared with the isohyetal patterns obtained
from INSAT-1B radiance data prepared by India
Meteorological Department (IMD) for the year [987.
Mean isohyetal patterns for each monthare constructed
using thirteen years of HRC data for the tropical Indian
Ocean. These isohyetal patterns are compared with
climatological synoptic scale events of the monsoon
season. A plot of observed and estimated rainfall is
made for 4 island stations (Fig. 3).

4, Results
Based on the computations made under the metho-
dology, the following inferences are drawn :

(i) Analysis of variance indicate thaf regression
relationship and corrclation coefficient between
monthly HRC [requency and monthly rainfall
of all island stations are highly significant at
19 level (Table 1).

(if) A good coherency between the fluctuations of
the observed and estimated rainfall series for
each island station is observed.

(/i) Comparison beftween isohyetal patterns obtai-
ned from HRC data and INSAT-1B radiance
data shows the similar features of high and low
regions of rainfall estimates, both in time and
space for the year 1987.

(iv) Mean isohyetal patterns for the period 1971-
1983 are found to be in good agreement with the
climatological synoptic events persisting over
the tropical Indian Ocean.

5. Discussion

The studies ol Kilonsky and Ramage (1976) and
Gaicia (1985) have shown the potential use of HRC
data for rainlall estimates over the tropical Pacific
and the tropical Atlantic Oceans. These data have
been assessed first time lor rainfall estimates over the
tropical Indian Ocean.

Fig. 2 shows a scatter diagram of monthly HRC
frequency and monthly rainfall of eight island stations
for a period of thirteen years from January 1971 to
December 1983, In this diagram though the scatter is
more, the regression line is almost equidistant from
abscissa and ordinate and passes close to the origin.
Therelore, these rainfall estimates based on the regres-
sion equation have a wide range of confidence. Much
of the scattering may be due to only one observation
during day time by satellite, whereas rain could and
did occur at any time. In fature one may use multiple
imagery per day or at least use optimal time ol obser-
vation to improve the fit with ground data, Based on the
regression equation, time series of estimated rainfall
is made for all eight island stations, Fig. 3 depicts
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Fig. 3. Time series of observed and estimated rainfall for Arabian and Bay islands

the time series of observed and estimated rainfall of
four island stations, ie., Amini Divi, Long Island.
Port Blair and Car Nicobar. A good coherency is
seen belween observed and estimated 1ainfall serics.
Figs. 4 & 5 depict QPE based on HRC data and
INSAT-1B thermal infrared radiance data respecti-
vely. The details of estimation of QPE from INSAT-
IB therma! infrared radiance data are given by Arkin
ef al. (1989). Areas of minimum precipitstion covered
by 10 and 20 cm isohyets are indicated with

vertical hatched lines and aress of maximum precipita-
tion are indicated in  horizontal haiched lines.
Isohyetal patterns obtained from HRC data show
a fairly good agreement with the  isohyetal patterns
chtained from INSAT-1B raciance 'data. Both the
patterns reflect almos: the similar features of high
and low regions of the raintall estimates. both in
time and space. This suggests that HRC data can
be used for rainfall estimates over the tropical Indian
Ocean,
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QPE (cm) FROM SAT-OBSERVED HRC (1987)
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Fig. 4. Quantitative precipitation estimates derived from
satellite observed HRC data
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Fig. 5. Quantitative precipitation estimates based on
INSAT-1B infrared radiance data

Fig. 6 demonstrates distribution of monthly rainfall
during June to September for 13 years (1971-1983)
derived from monthly HRC [requencies. This figure
indicates that during June heavy rainfall area is situated
off the west coast of India with more compact isohyetal
pattern over SE and NE Arabian Sza. This may be
due to the presence ol active ITCZ and occasional
formation of cyclonic vortices over theseareas during
the onset phase of ihe southwest monsoon. As the
season advances the hzavy rainfall distribution off the
west coast of India decreases due to less convective
activity over this region. Heavy rainfull arecas are
now shified over north Bay during July an? August as
compared to June and September. This is because

MEAN MONTHLY RAINFALL (cm) ISTI-1G83
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Fig. 6, Distribution of mean monthly rainfall during
Jun to Sep (1971-83)

monsoon depressions form more often during these
months over north Bay. During the withdrawal phase
of monsoon (i.e., during September) the heavy rainfall
area is observed to the south of equator. This may be
due to large-scale convective activity associated with
oceanic ITCZ of the southern hemisphere.

Meteorological Data Utilisation Centre (MDUC),
New Delhi has started archiving quantitative precipita-
tion estimates (QPE) based on the sixteen class of
histograms using INSAT-1B radiance data (Rao er al.
1989), The archiving of QPE in the domain 20°S to
35°N and 40°-100°E by India Met, Dep. is a part
of Global Precipitation Climatology Project (GPCP)
which is a part of TOGA (Tropical Ocean Global
Atmosphere) programme. Archiving of QPE has star-
ted since 1986 and this project will continue for a de-
cade.

Before the launch of INSAT-1B there was no geo-
stationary meteorological satellite available over the
Indian Ocean. During summer Monex-1979 GOES
satellite of United States of America was specially
brought for few months, for observing monsoon over
the Indian Ocean. However, if one requires QPE for
earlier vears, i.c., from 1971 to 1985 over the tropical
Indian Ocean then one has to be dependent on the data
available from polar orbiting satellites. Tnerefore,
the empirical relation developed in the study would be
useful to get rainfall estimates for the earlier years.

6. Conclusions

In this study an empirical relation between satellite
observed monthly HRC and monthly rainfall has been
illustrated, for deducing open ocean rainfall ovar the
tropical Indian Ocean. How far this relationship holds
good, is tested by comparing isohyetal patterns prepared
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by this method with those obtained by sophisticared
technique using INSAT-1B thermal infrared radiance
data. fsohyetal patterns obtained by both these methods
reflect almost the similar features of low and high
regions of rainfall estimates over the tropical !ndian
Ocean. This suggests that HRC data can be utilised
with some confidence for rainfall estimates over the
tropical Indian Ocean. Thus, rainfall estimates obiui-
ned by this method could be used in association with
other meteorological parameters (e.e., wind field,
evaporation estimates and sea surface lemperature)
for several studies on various disciplines like numerical
weather prediction models, climatology and oceano-
graphy.
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