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ABSTRACT

The relationship between the all-India summer monsoon rainfall and surface pressure over the Indian region has
heen examined to obtain a useful predictor for the monsoon rainfall. The data series of ali-Tndia monsoon rainfall
and the mean pressures of three seasons before and after the monsoon season as well as the winter—fo—spring pressure
tendency (M AM—~DJF) at 100 stations for the period 1951—1980 have been used in the analysis.

The all-India mensoon rainfall is negatively correlated with the pressure of the spring (MAM) season preceding
the monsoon and winter—to—spring seasonal difference as pressure tendency (MAM—DIJF), at almost all the stations
in India. and significantly with the pressures over central and northwestern regions. The average mean sea level pres-
sure of six siations (Jodhpur, Ahmedabed, Bombay, Indore, Sagar and Akola) in the Western Central Indian (WCI)
region showed highly significant (at 1% level) and consistent CCs of —0.63 for MAM and —0.56 for MAM—-DJF for
the period 1951-1980. Thus, the pre-monsoon seasonal pressure anomalies over WCI could provide a useful

parameter for the long-range forecasting scheme of the Indian monsoon rainfall.
1L INTRCDUCTION

Monscons are associated with large—scale seasonal reversals of pressure, temperature
and winds. The Asiatic continent, with ils unique geographical location having the Indian
Ocean to the south, the Pacific Ocean to the east and a vast land mass extending from the
tropics to the Arctic, witnesses one of the most prominent monsoon systems in the world in
terms of a large—scale land and sea breeze phenomenon with yearly periodicity. The southw-
est (summer) monscon of India results from this land~ocean configuration. The region of
high temperature and low atmospheric pressure which gradually develops over the Indian
sub—continent during the pre—monsoon months (March, April and May, MAM) leads to
large—scale influx of maritime air from the south Indian Ocean into India. This is the summer
monsoon wind which brings moisture, clouding and widespread rainfall over most parts of
India. The summer monscon {(during June through September) is a regular phenomenon only
in the sense that it comes every year, but its onset, rainfall amount and variability during the
season and its withdrawal are subject to large variations. Forecasting the seasonal monsoon
rainfall of India has been attempted since the last century on the basis of various regional and
global predictors. The direct solar heating of the desert over northwest India and the latent
heat released from the pre—monsoon thunderstorms of the Indian sub—continent play a pre-
dominant role in the development of monsocn circulation. Therefore, local events may be as
crucial for monsoon rains, if not more than distant factors.

Recently Parthasarathy et al. {1988a) and Gowariker et al. (1989, 1991) made a compre-
hensive study of many parameters related to the Indian monsoon rainfall. However, the
search for new parameters continues, as no forecasting scheme is as yet consistently successfol
over a period of time. In the 16—parameter model developed by Gowariker et al. (1991),
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the pressure over the Indian region has not been considered. Sundar {1990) found that pres-
sure anomaly over the area between 20°N and 35°N and west of 80°E was linked to the mon-
soon rainfall.

In view of the importance of surface pressure over India for the development of the mon-
soon, a detailed study of the relationship between all-India monsoon rainfall and the
space—time variability of pressure over India has been made, using data at several stations
during the period 1951—1980, to obtain a useful predictor for the monsoeon rainfall.

1. DETAILS OF DATA

Earlier studies of Hastenrath (1987) and Parthasarathy et al. (1988a) on the relationships
between Indian monsoen rainfall and regional / global circulation parameters indicated that
a data length of about 20 to 30 years is necessary and sufficient to establish a stable correla-
tion for prediction purposes. Also, a period of 30 years is generally considered adequate for
establishing climatic normals. In the present study we have mainly considered the data period
1951-1980, for which excellent data sets on vaious parameters related to Indian monsoon are
available.

1. Summer Monsoon Rainfall of India

All-India (the whole country taken as one unit) and the 29 different metecrological
sub—divisional mean summer monsoon (June through September) rainfall data sets have been
prepared by properly area—weighting the rainfall at 306 well distributed raingauges over plain
regions. Parthasarathy et al. (1987, 1990a) provide a detailed discussion on these data sets and
listings of the data from 1871 onwards.

2. Suface Pressure Dala

The mean monthly station level surface pressure of 100 well distributed observatories in
India, for the period 1951—1980, is used in the present study. For some selected stations, the
mean menthly sea level (msl) pressure data during the period 1891—1990 have been used for
detailed analysis. These data series were oblained from the records of the India Meteorologi-
cal Department, Pune.

1. METHODOLOGY

To study the association between the Indian summer monsoon rainfall and surface pres-
sure over the Indian region, the following approach has been used: (i) simple correlation ana-
lysis, (ii) consistency of significant Correlation Coefficients (CCs) over a long period using
sliding windows of different widths and (iii} composites of pressure anomalies during the ex-
cess and deficient years of all-India monsoon rainfall.

To understand the temporal characteristics of the relationship between pressures and the
all~India monsocn (JJAS) rainfail, the CCs with seasonal pressures up to 3 lags on either side
of the monsoon season have been calculated for the period 1951—1980. The mean pressures
are obtained for the seasons lag—3 (SON), lag—2 (DIJF), lag—1 (MAM), lag 0 (JJA), lag+1
{SON), lag+2 (DJF) and lag+3 {MAM). In addition, the seasonal tendency of pressure from
the previous winter to the current spring (MAM minus DJF) has been considered for correla-
tion analysis.

The consistency of significant CCs over a long pericd of time has been examined for
some selected stations, by calculating the CCs over sliding windows (Bell, 1977) of widths 11,
2! and 31 vears during the period 1891—-1990.
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Fig.1. Correlation coefficients between all-India summer monsoon rainfall and surface pressere

for spring season {(MAM, lag—1) of different stations over India for the period 1951—1980).

To see the strength of the signal of extreme monsoon rainfall years in the pressure series
of the region showing significant CCs, composite values of spatial average of surface pressure
anomalies {from the 1951—1980 mean) for lag—3 10 lag+3 seasons and MAM—DIJF have been
calculated for years of deficient (<< B—S) and excess (= R+S) all-India summer monsoon
rainfall (R is the mean and § is the standard deviation of ali~India monsoon rainfali), dus-
ing the period 1951~1980. There were seven deficient (1951, 1965, 1966, 1968, 1972, 1974 and
1979) and five excess (1956, 1959, 1961, 1970 and 1975) monsoon rainfall situations during
this period (see Fig.3), which have aiso been found to have a definite impact on the produc-
tion of food—grains over India (Parthasarathy et al., 1988b).

IV. RELATIONSHIPS BETWEEN SURFACE PRESSURE AND MONSOON RAINFALL OF INDJA

The CCs between all-India monsoon rainfall and different seasonal surface pressures
(lag—3 to lag+3; MAM—DJF) of all the 100 stations during the period 1951—1980 have been
computed. These CCs show a systematic change as the season advances from lag—3 to lag+3.
The mean pressures of the spring season (MAM, lag—1) over India are negatively related with
monsoon rainfall, with strong and spatially coherent CCs over the western perts of the coun-
try (Fig.1). Significant {at 1% level or above) negative CCs occur over the contiguous region
between latitudes 17°—30°N and longitudes 70°—80°E, mainly consisting of the states Gujarat,
Rajasthan, northern parts of Maharashtra, Punjab and Haryana. The level of significance of
CCs over the remaining parts generally varies from 5% to 10% except for some isolated
pockets of high significance.

The MAM~-DIJF tendency parameter also shows highly significant negative CCs, which
are more widespread than those for the spring season considered alone (Fig.2). The CCs are
significant at more than 5% level or above aver the whole country, except for a small portion
over 0.6 (significant at 0.1% level) occur over Gujarat and some parts of Konkan coast. The
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CCs are significant at 1% level or above over the contiguous region between latitudes
10°—30°N and 70°—85°E longitudes. This indicates a broad region covering the southern, cen-
tral and northwestern parts of India where the pre-~monsoon pressure tendency has an impor-
lant bearing upon the subsequent all-India monsoon rainfall.

To make a detailed study of the surface pressure and to prepare a predictor candidate for
the monsoon rainfall, six represeniative stations well spread over west central and
northwestern India and showing highly significant CCs with the all-India monsoon rainfall,
were selected. These six stations are, Jodhpur (JDP), Ahmedabed {AHM), Bombay (BM B},
Indore (IND), Sagar (SGR) and Akola (AKL). The locations of these stations are indicaled
in Fig.1 and Fig.2. The arithmetic average of monthly mean sea level (msl) pressure of these
six stations, called West Central Indian (WCI) region pressure hereafter, which effectively
minimizes the noise component due to local variation at individual stations and amplifies the
large—scale spatial signal, has been subjected to further analysis. Fig.3 shows all-India sum-
mer monsoon rainfail along with the msl pressures of WCI (MAM-DJF and MAM) during
the period 1951—1990. It can be seen that the pressure parameters and the all-India monsoon
rainfall are oppositely varying, which is more conspicuous in extreme rainfall years.

The CCs between all-India monsoon rainfall and the lag—3 to lag+3 and MAM-DIJF
msl pressure of WCI region are presented in Fig.4. A systematic change can be seen in the
CCs, from near—zero valoes before the monscon season (lag—3 and lag—2) to highly signifi-
cant negative values during one season earlier and one season after monsoon (lag—1 to lag+1}
and then to positive later. This variation of CCs suggests that the monsoon rainfall is highly
sensilive to the seasonal transition of the pressure over the WCI region. The CC with the
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Fig.2. Correlation coefficients between all--India summer monsoon rainfall and surface pre-mon-

soon pressure tendency (MAM—DIF) of different stations over India for the period 1951—-1980.
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Fig.3. Year—to—year variation of all-India summer monsoon rainfall along with WCI (six sia-

tions average) msl pressure of pre—monsoon MAM and MAM—DIF for the period 1951-19%0.
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Figd. (a)} Correlation coefficient between WCI seasonal ms! pressure and ali~[ndia summer
monsoon rainfall. (b) Composite valees of WCI seasonal pressure anomalies during years of ex-

cess (5 vears) and deficieat (7 years) all-India monsoon rainfall for the period 1951—i980.

MAM (lag—1) pressure iz —0.63 and that with MAM~DIF pressure tendency is —).56, both
significant at 1% level. Therefore, MAM pressure over WCL would be a better parameter for
monsoon rainfall prediction purposes. The composite values of seasonal pressure anomalies
for lag—3 to lag+3 and MAM-DIF of WCI regions (Fig.4) for the extreme years of deficient
and excess all-India monsoon rainfall show strong opposite signs from lag—1 to lag+1 and a
gradual transition in magnitude with the season.
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Fig.3. Correlabion ceefficients between all—lndia summer monsoon rainfall and WCl monthly

msl pressure for the period 1951—1980.

The monthly data of WCI pressures are also subjected to correlation analysis with
all-India monsoon rainfall 1o understand the monthly transition of the relationship. Thus,
the all-India summer monsoon rainfall is correlated with 24 monthly pressures, consisting of
6 months in the previous year (July to December), all the 12 months of the current year and 6
months in the following year (January to June). The corresponding CCs are presented in
Fig.5. The CCs of monsoon rainfall with monthly pressures of the previous July through cur-
rent March are not significant and many of them are positive. The CCs are negative and sig-
nificant at 5% level during the months April to June and August to October of the current
monsoon year. The CCs from current November through June of next year are again not sig-
nificant and generally positive. Thus, there is a clearly defined signal of pre—monsoon pres-
sures affecling the monsoon performance. The CCs for the months April through October of
the currenl year are negative and significant at 5% level, except for July in which the CC is
negative bul not significant. As July and August are in the middle of the monsoon season, the
cause and effect mechanisms behind the CCs for these two months are mixed up and no clear
explanation can be given for the lack of significance in July. Similar feature has been noticed
by Parthasarathy et al. (1990b) for the month of August, while correlating the monthly sur-
face temperature with the monsoon rainfall. Since the monthly CCs are more noisy, the sea-
sonal values are preferable for a better representation of the signal.

V. CONSISTENCY OF THE RELATIONSHIPS

The WCI msl pressure for the spring season MAM (lag—1) and pre-monsoon pressure
tendency (MAM—DIJF), which have shown highly significant CCs of —0.63 and —0.56 with
the subsequent monsoon rainfall, may be considered as predictors for the seasonal monsoon
rainfall forecast. In this connection, it is important to examine the copsistency of these rela-
tionships over a long period of time. Figs. 6 anf 7 show the variation of CCs of all—India
monsoon rainfall with WCI, MAM pressure and MAM—DJF pressure tendency respectively
over the period 1891-1990, over sliding windows of widths 11, 21 and 31 years; the CCs are
plotted against the central years of the windows.
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It is seen from Figs.6 and 7 thal the CCs fluctuating more rapidly for the window
windths of 11 and 21 years than for those of 31 years. The variations of CCs for WCI MAM
pressure over 31—year windows show (hat the values are continuously positive up to the year
1937 and negative afterwards; however, negative CCs are significant only after the year 1940,
continuing to the present time (Fig.6). Similar variations may be seen in the case of
MAM-DIF tendency also (Fig.7). but the change from positive to negative CCs oceurs
around the year 1945; however, the negative CCs are significant only from 1960 onwards.
Another notable difference with the MAM—DIJF tendency is that the positive CCs around
1920—1930 are significant. Similar changes in CCs around 1940 have been noticed earlier,
while relating the Indian monsoon rainfall with regional / global circulations (Parthasarathy
et al., 1990b; 1991b). Fu and Fletcher (1988) delineated the large—scale climatic variations in
the Asian monsoon region, on the basis of surface winds over the Indian and west Pacific
oceans. They identified distinct climatic regimes, with changes occurring in the years around
1875, 1900, 1940 and 1960; the period 18751900 is characterized as having “ Meridional
monscon” and the period 1900—1940 as having “ zonal monsoon” , which are also
synchronous with the high and low epochs of the Indian monscon rainfall. Thus, it may be
reasoned that the changes over in the sign of CCs around 1940 in the present study could be a
part of the large—scale changes in the climatic regimes over the area.

The predominantly significant CCs in the recent period is a useful result for the carrent
efforts on monsoon prediction. However, the pressure parameters of MAM and MAM-DJF
are hgihly interrelated, with a CC of 0.65 during 1951—1980. Therefore only one of them is
needed for inclusion in the prediction scheme for monsoon rainfall. Further, the Indian sum-
mer monsoon rainfall cannot be fully determined from a single parameter, as it is a resultant
of several regional and global teleconnections both at the surface and upper levels (Mooley et
al., 1986, Parthasarathy et al., 1988a, 1991a). Therefore, a reliable forecast can be prepared
only by considering the above—identified predictor along with other parameters.
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¥I. CONCLUSIONS

A study of relationships between Indian monsoon rainfall and surface pressure over the
Indian region for the period 1951-1980 has brought out the following points:

(i) The surface pressure of the spring (MAM) season and its tendency from the preceed-
ing winter (MAM-DJF) over India are negatively correlated with the subsequent monsoon
rainfall, and significantly over the Western, Central and northwestern Indian regions.

(ii) The spatial averages of MAM and MAM-DJF msl pressures at six stations of West
Central [ndia (WCI) show a highly significant signal indicative of subsequent monsoon activi-
ty, which is more dominant in the recent 3 decades.

(iiiy WCI MAM and MAM-DIJF pressures have potential utility for the long—range
prediction scheme of the Indian monsoon rainfall, along with other parameters.
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