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ABSTRACT

A network of rain-gauges has been oplimized to reconstruct the spatially representalive summer monsoon rainfall series
(1871-1984) of India prepared by averaging the normalized rainfall (actual divided by mean) of 306 rain-gauges. Three
approaches have been attempted: (i) random sclection, (i) fitting a multiple lincar regression and (iii) selecting objectively
a subset of a few gauges, the mean of which shows the highest correlation coeflicient (CC) with the all-India series. By
averaging a randomly sclected 45 rain-gauges, an average CC with the all-India rainfall series of ca. 0-94 was achicved,
and by averaging 100 gauges the average CC was ca. 0-97. By fitting a multiple linear regression between the all-India
serics and the normalized rainfall scrics of 306 gauges, a maximum of 34 independent gauges (parameters) were identified
and the estimated rainfall scrics showed a highest CC of 0-9969 with the full serics. In the third approach, a subsct of 34
rain-gauges was identified following an objective criterion; the mean rainfall of this subsct showed a CC of 0-9931 with the
all-India series. For routine updating of the all-India summer monsoon rainfall series, however, 35 rain-gauges were
selected by applying the third approach to 64 randomly chosen India Meteorological Department (IMD) rain-gauges
better known for their timely availability of data. The reconstructed (CC =0-9866) all-India summer monsoon rainfall
scrics for the period 1871-1992 is prescented.
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INTRODUCTION

The Asian south-west monsoon of the northern summer during the four months (June to September) of its
duration contribules about 75-90 per cent to the annual rainfall total over major parts of India. A long
homogeneous time scries of the arca-averaged Junc to Seplember total rainfall for the entire country has been
found useful for understanding and monitoring, and eventually to predict, the performance of the summer
monsoon system over the Indian region. Rainfall is vital for the water-dependent agrarian economy of the
country. The construction and analysis of the arca-averaged rainfall serics (point rainfall studies are of
limited practical use) have therefore been important goals of rescarch for the Indian meteorologists. In 1886,
Blanford, for the first time, preparcd the annual rainfall serics of British India for a 19-year period 1867-1885
using data from 500 rain-gauges. Later Walker (1910, 1914, 1922) prepared the south-west monsoon rainfall -
(June to September total) series for British India for the period 1841-1908 using data from all available
rain-gauges, which varied from 40.to 2000. After a gap of about 50 years, rainfall fluctuation analysis for the
independent India was carried out by Parthasarathy and Dhar (1976), Parthasarathy and Mooley (1978), and
Moolcy and Parthasarathy (1979) considering variable (with time) networks of rain-gauges. Using data from
a fixed and well-spread network of 306 rain-gauges, Mooley and Parthasarathy (1984) have prepared an
all-India summer monsoon rainfall scrics for the period 1871-1978, which was later extended up to 1984 by
Parthasarathy et al. (1987). Sontakke et al. (1992) have also constructed a summer monsoon rainfall series of
India for the period 1813-1991.

For preparing representative arca-averaged rainfall scrics, rescarchers have used a number of approaches.
Using data of 306 rain-gaugcs, Singh et al. (1991) prepared the all-India summer monsoon rainfall scries for
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the period 1871-1984 by nine different methods and quantificd their arcal representation pipeompIE

index, numed the index of areal representativencss (IAR). The TAR is defincd as follows:

IAR =2 =58 580 0y (1
(1/M) 3 52
i=1
or
IAR — variance of the arca-averaged rainfall series

mean variance of the rainfall serics on all stations

where M indicates the number of stations averaged. The larger the value of IAR the greater the areal
representation of the™area-averaged rainfall series.

The AR for the all-India summer monsoon rainfall serics constructed by different methods varied between
7 per cent and 14 per cent. It was then considered whether data from all 306 rain-gauges were essential to
update the all-India summer monsoon rainfall serics. Using an objective approach, Sontakke et al. (1993)
have identified 35 rain-gauges for updating the all-India summer monsoon rainfall series prepared by
Mooley and Parthasarathy (1984) and 188 ruin-gauges for updating the rainfall series for=29 seclected
meteorological subdivisions of India prepared by Parthasarathy et al. (1987) by averaging the district-
arca-weighted rainfall of 306 stations. The three main objectives of the present study are:

(i) to optimize a network of rain-gauges using dilferent techniques for the spatially representative summer
monsoon rainfall serics of India prepared by averaging the normalized rainfall (actual divided by mean)
of 306 rain-pauges;

(i1) to examine the validity of the optimization techniques in the light of some theoretical studies published
elsewhere (Wigley et al., 1984);

(ii1) to select objectively a few rain-gauges for routine updating of the all-India summer monsoon rainfall
series.

Through the large amounts of latent heat released, the summer monsoon influences the general circulation
of the atmospherc. Climate variability is currently of great importance for atmospheric scientists. Besides
being uselul to Indian planners and decision makers, a quick updating of the summer monsoon rainfall series
can be helpful to scicntists in other parts of the globe needing near real-time data on the Indian monsoon.

DATA USED

Summer monsoon rainfall (June to September total) for the period 1871-1984 recorded at 306 rain-gauge
sites (Figure 1) well spread over the contiguous and relatively flat areas of the country, excluding mountain-
ous regions in the north and the islands in the Bay of Bengal and the Arabian Sea, were used in this study.
Gaps in the data (which account for less than 2 per cent of the total data set) were filled by the ratio method,
as suggested by Rainbird (1967). Details of this data sct arc given in Mooley and Parthasarathy (1984), and
for this study the processed data set was obtained from B. Parthasarathy. For updating the all-India
monsoon rainfall series, rainfall data of 35 selected stations for the period 1985-1992 were collected from the
relevant records of the India Meteorological Department.
/

TECHNIQUES USED FOR THE OPTIMIZATION OF RAIN-GAUGES,

The all-India summer monsoon rainfall series prepared by averaging non-exceedance gamma probability
(Bradley er al, 1987) of monsoon rainfall totals of 306 stations has previously been found to be most
representative of areal rainfall over India, with an 1AR of 14-3 per cent (Singh et al., 1991). The second most
representative (IAR =132 per cent) all-India summer monsoon rainfall is that prepared by ayeraging
a normalized (actual divided by mean) rainfall of the individual stations. The IAR for the monsoon rainfall
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