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ABSTRACT. The behaviour of rainfall across the entire length of the Western Ghats has been examined for
the monsoon season (June to mid-September) for a period of 7 years (1970-1976). It is found that the relation
between weekly mean rainfall of the meteorological sub-divisions on either side of the Ghats is one of positive
correlation in the northern and central sectors and of negative correlation in the southern sector. All these three
correlations are significant at 1% level. An explanation for the interesting change in the correlation from north
to south of the Ghats is presented on the basis of synoptic analysis.

1. Introduction

The difference in the amounts of rainfall across
an extensive mountatin range is a subject of
considerable meteorological interest. The Wes-
tern Ghats, which run almost parallel to -the
west coast of India, provide a suitable region
for such studies during the southwest monsoon
season when the low-level winds blow almost
across the massive mountain barrier. The influ-
ence of mountain waves in the distribution of
rainfall across the Western Ghats has been bro-
ught out by Sarker (1965). In this paper the
simultaneous weekly mean rainfall in meteorolo-
gical sub-divisions on either side of the Ghats
has been studied for the northern sector, central
sector and southern sector.

2. Orographic features

The Western Ghats run almost parallel to
the west coast of Peninsular India leaving a nar-
row strip of plain land between the Ghats and
the Arabian Sea. The orographic features of
the mountainous region are presented in Fig. 1.
The lay-out of the meteorological sub-divisions,
adjoining the east and west sides of the Ghats,
which have been considered for the present study
are also shown in this figure together with the
locations of some important observatory stations
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whose data have been used in this study. For
the convenience of the present study, the Ghat
section has been divided into the following three
sectors comprising pairs of meteorological sub-
divisions across and adjoining the Ghats, namely,

(i) Northern sector —Konkan to the west
and Madhya Maharashtra to the east;

(ii) Central sector — Coastal Karnataka to
the west and Interior Karnataka (north
and south) to the east and

(iii) Southern sector — Kerala to the west and
Tamil Nadu to the east.

In the northern and central sectors, the average
elevation of the Ghats is about 600 to 900 metres.
At a few places like Mahabaleshwar etc, the
clevation rises to 1500 metres. In the southern
sector, the Ghats have an average elevation of
about 1000 metres but at Dodebetta and Anaimudi
peaks the elevation rises to about 2200 to 2500
metres. Considerable difference exists between
the east side slopes of the Ghats in the northern,
central and the southern sectors. In the northern
and central sectors, the slope is gradual and
gentle towards the Deccan and Mysore plateau
while in the southern sector the slope is large and
abrupt towards the plains of Tamil Nadu. Two
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TABLE 1
Correlation coefficients of rainfail befween . ‘}*
pairs of sub-divisions 120 N 2
Sector (Sub-divisional No.of Mean rain- Coefficient =
pairs) weeks fall of cor- 3
covered (mm) relation L i)
Northern (Konkan & 113 146.9 +.67 I _"f‘
. Madhya Maharashtra) 22.1 $=p R
r'E’. ;'#'L%%"jﬁ’“rzmgan s o 4
Central [Coasta Karna- BT T T g i N
taka and Interior PN >?Tg€/i
Karnataka (North & 113 186.8  -+.30 r RN %
South)) 23.5 Sttt A
Southern (Kerala and 113 90.4 —.25
Tamil Nadu) 13.4 +

Note -— The correlation coefficient are found to be
significant at 1% level.

sections across the Ghats, one at 17°30" N and
the other at 11°30'N are presented in Fig. 2(a) and
Fig. 2(b) respectively to bring out these features,

3, Data material and analysis

Weekly mean rainfall data of the three pairs
of meteorological sub-divisions across and adjoin-
ing the Ghats (mentioned in section 2) as published
in_ the Weekly Weather Reporis of India
Meteorological Department have been used for
this study. In all 113 values of weekly rainfall
for each of the three pairs of sub-divisions from
June to mid-September covering the period 1970
to 1976 were extracted and correlation co-
efficients (C.C.) between each pair of sub-division
were worked out. The values of C.C. are given in

Table 1.

4. Discussions

An examination of the coefficients of correla-
tion of simultaneous weekly rainfall between the
pairs of sub-divisions across the Western Ghats
(presented in Table 1), brings out some interesting

features.

The coefficients are positive in the northern
and central sectors with a southward decreasing
tendency. Moving still further southwards into
the southern sector a reversal occurs and the
coefficient becomes negative. This means that
in the northern sector when the weekly rainfall
is above normal in one of the pxir of sub-divisions,
the rainfall is above normal in the other also.
For example, when weekly rainfall happens to
be above normal in Konkan, it is also above nor-
mal in Madhya Maharashtra as well and vice-
versa. But, in the southern sector the trend of
rainfall is reversed. That is, when Kerala ex-
periences above pormal rainfall in a particular
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Figs. 3 (a-d). Mean flow petterns
(Note : The figures shown against the sub-divisions indicate the percentage departure of rainfall

week, rainfall in Tamil Nadu is below normal
in that week and vice-versa. It is necessary to
emphasise here that the above trends in rainfall
across the Ghats in different sectors have been
identified statistically on the basis of a sample
containing as many as 113 weeks (1970-1976)
and the C.Cs. obtained therefrom are found to be
significant at 1% level. The above trends are,
therefore, not expected to be spurious in nature,
and should have some realistic basis. An attempt
has been made in the following paragraphs to
understand the basis of the interesting change in
the trend of rainfall across the Ghats that takes
place from the northern to the southern sectors
from synoptic point of view.

4.1. Synoptic features

Charts depicting the mean upper air circulation
pattern at low levels from 0.15 km a.g.l. to 2.1
km a.s.l. for some selected weeks when monsoon
was active and weak during the period under
study werc specially prepared from the daily
wind data for 00 and 12 GMT hours. These
mean weckly low-level charts were then carefully
analysed. An interesting feature was observed.
In the mean flow patterns at 12 GMT for the
weeks representing weak monsoon phase, in-
variably a well marked trough in the westerlies
extending from ground level upto 1.5 km as.l.
was seen in the southern sector and adjoining
areas of the northern sector roughly between
77°E and 79°E and 6° to 12°N. On most oc-
casions, this trough lay in a south to north direc-
tion across Tamil Nadu but on some occasions
it extended into South Interior Karnataka and
thereafter aligned itself southwestwards across
Andhra Pradesh. In some weak monsoon phases,
this trough was quite conspicuous even in the
morning (00 GMT) but in others it was not so
although its existence could be traced. On the

other hand, this trough could not be traced on
most occasions in the mean weekly flow patterns
representing active to vigorous monsoon epochs.
A typical mean flow pattern at 12 GMT represent-
ing a weak monsoon phase is shown in Fig. 3(a).
The trough (indicated by thick dotted-line) can
clearly be seen both at 0.15 km a.g.l. and 0.9
km a.s.l. But in another mean flow pattern in
the morning at 00 GMT Fig. 3(b), also represent-
ing a weak monsoon phase, the trough does not
clearly extend into Tamil Nadu but it is more
marked over Interior Karnataka in the northern
sector. However, by evening (12 GMT), the
trough becomes well-marked over Tamil Nadu
also (figure not shown).

A typical mean flow pattern in the morning
at 00 GMT for an active monsoon phase is shown
in Fig. 3(c). Here no trough in the westerlies can
be seen both at 0.15 km a.g.l. and 0.9 km a.s.l.
Another mean flow pattern in the evening (at
12 GMT), also representing an active monsoon
phase. is shown in Fig. 3(d). Here, although near
the ground level (0.15 km a.g.l.) there is some
suggestion of a feeble trough in the westerlies
over Tamil Nadu, aloft at 0.9 km a.s.l. this trough
is not detectable.

4.2. Influence of the low-level trough

During the weak monsoon phase, the presence
of the well-marked trough in the evening at the
low levels throughout the period over Tamil
Nadu and adjoining areas leads to sustained con-
vective activity and increased rainfall in that area
particularly during evening and night. Thus,
during a weak monsoon phase, the rainfall over
Kerala decreases in the normal way but that over
Tamil Nadu increases on account of the pre-
sence of the low-level trough. On the other hand,
during an active monsoon phase while the rainfall
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TABLE 2

Percentage number of days wind from different directions at 1700 hours {based on data for 1931-60)

Station

Playamkottai

Pamban

Madurai

Nagapatinam

Trichirapally

Coimbatore

Salem

Cuddalore

Vellore

Month

June

July
August
September

June

July
August
September

June
July
August

September

June
July

August
September

June
July
August

September

June

July
August
September

June

July
August
September

June
July
August

September

June

July
August
September

E

61

SE: §

SW

L= B BT~

49
51
51
46

W

67
70
53
31

19

19

21

13

Station Month
Madras June
July
August
September

Gulbarga June
July
August

September

Bijapur June
July
August

September

Belgaum June
July
August

September

Gadag June
July
August

September

Pune June
July
August
September

Sholapur June
July
August

September

Miraj June
July
August

September

Aurangabad June
July
August

September

E+SE S

75
61
68
71

b
Lot~ NN SRR T PV -
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2

w

40
35
34
26

b

14
16
1l

1l
19
13
10

41
53
52
32

41
46
50

42
51

52
53

18
17
19

18

61
68
64
56

56
70
68
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TABLE 3
Number of days of thunderstorm

No. of days of precipitation

0.3 mm or more

Station

No. of days of thunder
NI

et T )
June July August September June  July August September
Vellore 7 9 11 10 4 3 4 4
Cuddalore 6 9 11 9 3 3 5 5
Salem 9 13 13 12 6 6 8 8
Coimbatore 8 11 7 5 1.0 0.6 1.9 3
Madurai 3 6 9 8 3 2 5 4
Pamban 0.7 1.7 1.3 1.9 0 0 0 Q9.3
Madras 9 14 15 11 5 5 7 8
Tiruchirapaly 3 4 7 8 3 3 7 6
Ahmednagar 11 12 10 12 1.3 0.1 0.2 151
Pune 13 24 23 14 3 0.3 0.9 4
Sholapur 11 16 15 15 4 1.4 1.6 4
Miraj 10 19 18 12 3 0.3 15 2
Aurangabad 13 19 18 14 7 1.9 2 4
Bidar 12 19 16 14 1.9 0.8 0.7 IS
Gulbarga 9 16 13 13 3 0.3 0.9 3
Bijapur 9 12 11 11 17 0.4 0.9 0.2
Belgaum 19 27 25 17 1.7 0.1 1.2 2
Gadag 9 15 14 11 2 0.6 5 3
Chitradurga 10 16 15 11 1.1 0.1 0.9 3
Mysore 10 16 13 10 2 0.8 2 3
Bangalore 13 18 18 15 4 ) 4 4

over Kerala increases in the normal way on ac-
count of large scale orographic ascent of the mois-
ture laiden air, Tamil Nadu gets very little rain
in absence of the low-level trough which appears
only during weak monsoon phase. This explains
the negative correlation in the rainfall between
Kerala and Tamil Nadu particularly in the weak
phases of the southwest monsoon.

As mentioned earlier, during the weak phases
of the monsoon, the low-level trough sometimes
extend into Interior Karnataka as well particularly
in the evening but rarely does it penetrate into
Madhya Maharashtra. In other words, so far
as rainfall distribution across the Ghats is con-
cerned, the influence of the trough is sometimes
felt as far as Interior Karnataka but rarely fur-
ther northwards over Madhya Maharashtra.
This feature may perhaps, to some extent, ac-
count for the decreasing trend in the correlation
coefficient from north to south in the northern
and central sectors, finally becoming negative in
the southern sector.

The establishment of the well-marked trough
in the low levels over Tamil Nadu would mean
more fraquent presence of southerly to easterly
surface winds over the southern sector than over
the northern sector. Whether this happens ac-
tually during the southwest monsoon season was
examined. In Table 2, the percentage number of
days of wind from different directions at a few
stations in the two sectors based on long term

climatological data (1931-1960) is presented.
The percentage frequencies of days with surface
winds from east, southeast and south are between
5 & 10 for stations situated in northern sector while
those for the same wind directions are between
10 & 20 for stations in the southern sector. The
coastal stations in the southern sector like Madras,
Cuddalore, Nagapattinam experience winds from
east, southeast and south directions very fre-
quently on an average of 50 to 75% occasions.
Thus winds from east, southeast and south are
more common at stations in the southern sector
than in the northern sector.

4.3. Influence of thunderstorm activity

Penetration of southeasterlies deep inland du-
ring weak monsoon periods can help to release
the latent instability in the atmosphere generated
in the region around the low-level trough and
trigger off fairly widespread thunderstorm activity
during evening and night over Tamil Nadu.

During strong monsoon periods, the south-
easterlies would be absent and there will be a
lull in the thunderstorm activity over Tamil Nadu.
in the northern sector, however, this does not
happen whether the monsoon is weak or strong.
Table 3 brings out this aspect. Thunderstorm
activity is more in the southern sector than in the
northern sector during the southwest monsoon
season,
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5. Conclusions

(1) This study reveals that the weekly rainfall
between a pair of sub-divisions across and ad-
joining the Western Ghats during the southwest
monsoon season is not everywhere positively
correlated along the entire length of the mountain
barrier. This relationship varies from one region
to the other. In the northern sector between the
pair of sub-divisions Konkan and Madhya Maha-
rashtra the correlation coefficient is found to be
+.67. Moving southwards in the central sector
the C. C. between pair of sub-divisions, coastal
Karnataka and Interior Karnataka remains posi-
tive but decreases to value of 4-.30. But moving
still southwards, into the southern sector, the
relationship reverses and a negative correlation
of .25is obtained between Kerala and Tamii Nadu
The C. Cs. are all found significant at 1 per cent
level.

(2) The southward decrease of C. C.in the nor-
thern sector and its reversal into a negative value

in the southern sector may be due to the presence
of a low-level trough in the westerlies across
Tamil Nadu during weak monsoon epochs.

(3) The relationship in the weekly rainfall bet-
ween the pairs of sub-divisions across the Wes-
tern Ghats may serve as an useful tool to predict
rainfall distribution across different regions of
the Ghats both in weak and strong monsoon
phases.
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