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Mean upper air flow patterns associated with spells of strong and
weak northeast monsoon conditions over the Madras State
in the month of November
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ABSTRACT. Mean upper air flow patterns have been worked out for spells of strong and weak
northeast monsoon conditions over the Madras State in the month of November and compared with
the normal patterns for the month, It is noticed that the winds at 1-5 and 3-0 km a.s.1. over the
Peninsula’are mainly easterlies when the monsoon is strong, but become northerlics, when the monsoon
is weak. At 6-0and 9- 0 km a.e.], anticyeclonic cell over the Bay of Bengal is prominent during
strong monsoon conditions but becomes diffuse during weak monsoon conditions, when the high
pressure cell over the Arabian Sea becomes dominant.

1. Introduction

Krishna Rao and Jagannathan (1953)
have made an exhaustive study of the north-
east monsoon rainfall of Tamilnad (the
present Madras State), utilising the rain-
fall data for the 80 years, 1870 to 1949.
They have discussed the abnormalities
with reference to the incidence of depre-
ssions and cyclonic storms in the south
Bay of Bengal. They find that large excesses
of rainfall occur when depressions and
cyclonic storms strike or come very near
to the Coromandal coast and large defects
occur when such depressions and stonms
do not come close to the Coromandel coast
but move northwards. It has also been
pointed out by them that good northeast
monsoon rains an occur even without
a depressien if a large number of active
low pressure waves move from the Bay
of Bengal into the Arabian Sea across the
extreme south Peninsula. They were, however,
precluded from determining the upper air
flow patterns due to paucity of data parti-
cularly when the monsoon is strong. K.V.
Rao, from his studies (see ref.) of the 500-mb
patterns as well as the 6-0 km mean wind
flow patterns during the strong and weak

northeast monsoon conditions of the years
1946 and 1949 respectively, has come to
the conclusion that during strong northeast
monsoon, the high pressure cell over the
Bay and the adjoining Peninsula is well
marked, while during weak monsoon con-
ditions the anticyclonic cell over the Arabian
Sea and adjoining Peninsula becomes do-
minant. The present paper deals with a
study of the mean upper air flow patterns
over India and neighbourhood associated
with spells of strong and weak northeast
mousoon conditions over the Madras State
in the month of November during the decade
1951—1960.

2. Method of analysis

2.1. Determination of strong and weak
monsoon spells—The daily rainfall data of the
ten India met. Dep. observatories in the
Madras State having ‘rainfall normals’ (viz.,
Madras, Vellore, Cuddalore, Salem, Nagapat-
tinam, Tiruchirappalli, Coimbatore, Madurai,
Pamban and Palayamcottai) for the month
of November for the 10-year period, 1951—
1960 have been used for the study. The
average rain over Madras State on a day
has been taken to be the arithmetic mean
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TABLE 1

Spells of strong northeast monscon

8. No. Period Duration Execess of smallest
mean rain- excess on
fall over individual
normal (en-  day in
tire spell)  the spell
(days) (%a) (%
1 3tol7 15 ol | 24
Nowv 1060
2 4 tol) i 153 h
Nov 1957
TABLE 2
Spells of weak northeast monscon
8. No Perind Duration  Defect Smallest
of mean  defeet on
rainfall  jyddividual
(entire dav in
spell) =pel]
(duys) (%) (%)
1 13 {0 20 S N4 [HL
Nov 1959
2 6Hto13 8 S0 tif
Nov 1958
3 it 18 13 04 3N
Nov 14935
4 Sto 16 12 01 [
- Nov 1054
3 23 Nov in 10 04 HH
2 Der 1054
6 31013 11 98 N3
Nov 1053
7 2 (et to a3 1) 3
17 Nov 1952
S 2310 29 7 a6 T2

Nov 1052

of the rainfall reported by the above ten
stations. Spells of strong and weak north-
east monsoon have heen defined as follows.

() Spell (}f strong  northeast wmonsoon
condilions

(1) The duration of the spell should
be more than five days.

(7/) The mean rainfall for each of
the davs in the spell should
be at least 20 per cent more
than the normal for the day.

(iz7) The mean rainfall for the entire
-‘-fu"” "\hllnlll r‘_\'t'w'li TIli' H()r!u:'ll

rainfall for the period by 100
per cent or more.
() Spell of  weal  northeast monsoon

conditions

(/) The spell should be more than
five days.

(7¢) The mean rainfall for each of the
days in the spell should be at
least 60 per cent less than the
normal for the day.

(i¢i) The mean defect over the entire
spell should be at least about 90

per cent. The details of the
spells are given in Tables 1
and 2. The data for November

alone have normally been consi-
dered, but when the spell extends
into December or commences
from late October, the entire
period has been taken. Detailed
studies have been made of the
strong monsoon situation in 1960
and weak monsoon econditions in
1955.

2.2, Determination of flow patterns—
The pibal ascents were made at 0200 and
0900 GMT and radar wind observations
at 0300 and 1500 GMT in 1955. The main
synoptic hours of observations in 1960
were 00 and 12 GMT both for pibal and
rawin  ascents, Mean vectoral winds at
1:5.3:0, 6-0 and 9-0km a.s.1. at the various
pibal’rawin stations have been determined
separately for the morning ascents. By
taking the morning ascents, it i1s ensured
that the observations at the various upper
wind stations correspond as nearly as po-
ssible to the same synoptic hour, The mean
flow patterns at 1-5 and 6-0 km a.s.l. for
the strong monsoon spell in 1960 are shown
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Fig. 1(a) Fig. 1(b)
Fig. 1. Mean flow pattern, 3-17 Nov 1960 (Strong Monsoon)
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Fig. 2(a)
Fig. 2. Mean flow pattern, 6-18 Nov 1955 (Weak Monsoon)

One of them concentrated into a depression

in Figs. 1 (a) and 1(b). The corresponding
flow patterns for the weak monsoon spell
in 1955 are given in Figs. 2 (a) and 2 (b).
The flow patterns at 9-0km a.s). for the
strong and weak monsoon spells are given
in Figs. 3(a) and 3(b). The flow patterns
at 3:0 km a.sl. were found to be similar
to the patterns at 1-5 km a.sl. and hence
have not been reproduced.

3. Synonptie features

3.1. 3 to 17 November 1960 — Three low
pressure areas moved across the extreme
sou th Peninsula, one after the

20000 Ft

Fig. 2(b)

on 10th with centre « out 200 km
southeast of Nagapattiu m, but weak-
ened into a low pressu  area the next
day and then moved westwards across the
extreme south Peninsula.

3.2. 5 to 17 November 19556 — A
depression  formed in the southeast
Bay of Bengal on 4th with centre about
300 km southwest of Port Blair. It inten-
sified into a cyclonic storm on bth evening
and became severe the next day, when it
was centred about 250 km eastsoutheast

other.of Kakinada. Thereafter, it recurved and
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Fig. 3 (a). Strong Mcnsoon

6-18 NOV 1955
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Fig. 3 (b). Weak Monsoon

Fig. 8. Mean flow pattern at 9-0 km a.s.l

weakened into a depression with centre
near Visakhapatnam on T7th. Continuing
its northeasterly movement and weakening
at the same time, it filled up over East
Pakistan and neighbourhood by 11th.

4, Diseussion of the results

Flow pattern at 1.5 ki a.s.l.—
The seasonal pattern consists of a trough
of low over the extreme south Bay of Bengal
and the adjoining Arabian Sea, the axis
of the trough running roughly along Lat.
8°N. The winds over the Peninsula are
mainly northeasterlies, During strong mon-
s00N cnmhtmnq the winds over the Peninsula
are mainly easterlies, 7.e., the easterly com-
ponent becomes pmnmmc ced, the northerly
component becoming w eak while during the
weak monsoon (.umhnum nmthtllwq do-
minate over the Peninsula.

Flow pattern. at 6- 0 km asl—

The dnef feature of  the seasonal
pattern is a ridge extending extensively
over the latitudinal belt 15°N to 20°N,
with one cell over the Bay of Bengal and
another over the Arabian Sea. It is seen
that during strong northeast monsoon condi-
tions , the high pressure cell over the Bay
and the '1:]]ummu Peninsula is well marked
and the one over the Arabian Sea is ill-defined
whereas during weak monsoon conditions,
the anticyclonic cell over the Arabian Sea

and the adjoining Peninsula becomes dom-
inant and the one over the Bay becomes
diffuse. These results are in agreement with
conclusions arrived at by Rao (see ref.).

4.3. Flow paltern at 90 km asl—
It will bhe seen that the observations
north of Lat. 20° to 25°N are scanty during
the weak monsoon spell of 1955. The dis-
cussion will hence be restricted to the flow
patterns over the Peninsula. The axis of the
sub-tropical anticyclone lies roughly along
17°N in both the cases, However, as
in the case of the 6-0 km pattern, the high
pressure cell over the Bay of Bengal and
adjoining Peninsula is very pronounced
during the active monsoon conditions but
becomes diffuse during weak monsoon
conditions, Tt is also noticed that south
of 25° N, the westerly components decrease
and the easterly components increase during
the weak monsoon conditions, No definite
conclusions could be drawn regarding the
flow pattern north of 25°N.

4.4. Anomaly patterns—The anomaly
patterns (departures from the normal) at
1:5 and 6-0 km a.sl. have been worked
out for the two spells and shown in Figs. 4
and 5 respectively.

4.4.1. Anomaly patternat 15 km a.s.l.—
The anomaly pattern during the strong
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Fig. 4 (a). StrongiMonsoon
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Fig. 4 (b). Weak Monsoon

Fig. 4. Anomaly pattern at 1°5 km a.s.l.
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Fig.'5 (a). Strong Monsoon

Fig. 5 (b). Weak Monsoon

Fig. 5. Anomaly pattern at 6-0 km as.L

monsoon spell (Fig. 4a) shows anticyclonic
flow extending from northwest India to the
north Bay of Bengal. The anomaly pattern
during the weak monsoon (Fig. 4b) shows
eyelonic flow extending from the central
Bay to east Uttar Pradesh. In other words,
strong monsoon spell is associated with
accentuation of the seasonal sub-tropical
ridge over north India and the flow of mari-
time air over the south Peninsula. The weak
monsoon spell is associated with the weaken-
ing of the sub-tropical ridge and the flow
of continental air over the south Peninsula,

4.4.2. Anomaly patters at 60 kma.s.l.—
The anomaly pattern during  weak
monsoon (Fig. 5b) shows cyclonic flow over
the Bay while the anomaly pattern during
strong monsoon conditions (Fig. ba) shows
anticyclonic flow over east central Bay
and cyclonic flow around east Arabian
Sea.

4.5. Upper air structure—The mean
evening upper air soundings for the
two periods for the stations, Madras,
Trivandrum and Port Blair have been
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plotted on log p—T7 diagrams and given
in Figs. 6, 7 and 8 respectively. The conti-
nuous curves are for the strong spell and the
broken ones for the weak spell. The atmos-
pheric layers over Madras and Trivandrum
are quite dry in 1955, but moist in 1960,
The moisture content over Port Blair has
remained nearly the same during both
periods. It is also noticed that at all the
stations, the temperature of the tropos-
phere, at least upto about 200-mb level is
lower during strong northeast monsoon
conditions, Data for higher levels are not
available,

4.6, Mean flow patterns for the other
spells — The mean flow patterns at 1-5 and
6-0 km a.s.l. for the second strong monsoon
spell, viz., 4 to 9 November 1957 are shown
in Figs. 9 (a) and 9 (b) and agree well with the
corresponding patterns for the spells in 1960
(Figs. 1 a and 1 b). The mean upper air
flow patterns have not been worked out
for the other weak monsoon spells, but the
upper air charts for the different spells
have been looked into. They show a general
agreement with the above findings, but for
one or two cases where the flow pattern
at 6:0 km a.sl. shows the characteristics
of strong monsoon conditions towards the
end of the spell. There were only one or two
days in November 1952 and 1954, when the
rainfall exceeded the day’s normal.  The
mean rainfall amounts for both the months
were in defect by about 80 per cent. The
mean monthly winds at 1-5 and 6-0 km
have been taken from the respective monthly
weather reports published by the India
Meteorological Department and the mean
flow patterns are shown in Figs. 10 and 11.
They are found to be in good agreement
with the patterns shown in Fig. 2.

5. Conclusion

Both the strong monsoon spells are
associated with two or three low pressure
areas moving across the extreme south Penin-
gula, in accordance with the findings of
Krishna Rao and Jagannathan (1953).
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Fig. 9. Mean flow pattern, 4-9 Nov 1957 (Strong Monsoon)
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Fig. 10 (a)

It has been shown by Krishna Rao and
Jagannathan (1953), that weak northeast
monsoon conditions are associated with
depressions and cyclonic storms in the Bay
of Bengal which move northwards without
coming nearer the Coromandal coast. Using

Fig. 10 (b)

this criterion it was found that the spells
2, 3, 6 and T (Table 2) could be attributed
to movement of such systems. However,
the other 4 spells could not come under
this category. Rather, it was found that
all the 8 weak spells come under the following
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general category—mainly dry northerly winds
upto 6:0 and 9-0 km a.sl. with the auti-
cyclone at 6-0 and 9-0 km a.s.l. over the Bay
of Bengal becoming diffuse. Thus the
criterion given by Krishna Rao  and
Jagannathan appears to be a particular case
of the more general criterion referred to
above,
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