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ABSTRACT. In recent years there has been a large number of investigations on the structural features
of 30-60 day oscillations during the summer monsoon of the southeast Asia. However, most of the investi-
gations are based on the 1979 MONEX data. In the present investigation the natureof this near 40-day mode
has been studied using a comprehensive data set for six years over the Indian sub-continent. The study reveals
that the periodicity of this mode has a significant interannual variability and during the same year it has a strong
spatial dependance. Finally the limitations of the use of this mode in foreshadowing the changes of summer

monsoon circulations over India have been discussed.

1. Introduction

Madden and Julian (1971) confirmed the existence
of a significant low frequency mode oscillation of global
nature primarily associated withthe zonal component
of the wind in the troposphere. Later investigations
by Yasunari (1980, 1981) have shown that such a mode
propagates northward from equatorial Indian Ocean
upto the Tibetan plateau with a quasi-periodic regularity.
Alexander et al. (1978) have also pointed out the north-
ward shift in the tropospheric circulation anomalies
associated with active-break cycles in the summer mon-
soon over India. Sikka and Gadgil (1980) have studied
the existence of 4-6 weekly mode in movement of zone
of maximum cloudiness over India. In the summer
monsoon season, investigations by Murakami et al.
(1984) using FGGE level 111 B data for 1979 have shown
that in the monsoon regions spectral peaks with period
shorter than 10 days are quite prominent in the lower
troposphere. However, their examination, though ex-
tensive, inspatial domain (30° S-30° N, 30°E-150°E)
was limited to the year 1979. Recent studies of Rama
Sastry et al. (1986) have shown that though the near 40-
day mode was very prominent during 1979 it was rather
obscure during 1980, 1981, 1982 and 1983, in the lower
tropospheric circulation as well as the rainfall over the
Indian subcontinent. In the present investigation
Fourier analysis of a much larger data set 1979-84 has
been carried out for a number of radiosonde stations over
the Indian subcontinent to identify the dominant modes
in the summer monsoon circulation at several atmosphe-
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ric levels (830, 700, 500 and 300 hPa). The study is also
aimed at studying the inter-annual variability in this
mode.

2. Methodology and data

The radiosonde data of six radiosonde stations, i.e.,
Trivandrum (TRV). Bombay (BMB), Madras (MDS),
Nagpur (NGP), Port Blair (PBL) and Calcutta (CAL)
have been used to represent the monsoonal flow. Daily
zonal and meridional components of the wind recorded
at these stations in m/s have been subjected to harmonic
analysis. In order to smooth out thedaily and other
short period fluctuation 3/5 days moving average of these
comoponents were worked out and utilised for the pur-

pose.

3. Discussions
3.1. Results of harmonic analysis

Table 1 gives the amplitude and the period of all major
harmonics down to a period of 10 days. Figures in
bracket below each of these harmonics indicates the
percentage of the total variance explained by the har-
monics. The analysis was carried out for four levels
850, 700, 500 and 300 hPa for 00 GMT data for six years
1979-1984, Figs. 1(a) & 1(b) show the harmonics of zonal
components of 850 hPa and 300 hPa for 1979-1983.
Figs. 1(c) and 1(d) show the harmonics of meridional
components at 850 hPa and 300 hPa for the same years.
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TABLE 1
Period (davs) and_ amplitude (m/s) of the major harmonics in the zonal wind
stations in India in different vears (1979-1984).

The figure in brackets below each of
variance explained by the harmonics

1979
850 hPa
Bombay 120 5.4 60 3.8 24 2.5 17.1 1.2
(37.9) (18.9) (8.4) (1.9)
Calcutta 40 2.8 24 2] 15 1.9 120 0.7
(22.0) (12.6) (9.6) (1.3)
Madras 120 6.9 60 3.9 24 2.5 15 1.6
(45.0) (14.4) (5.8) 2.3)
Nagpur 120 5.1 30 3.1 24 2.4 13.3 1.9
34.7) (12.6) (7.8) 4.7)
Port Blair 120 5.8 40 3.7 24 3.2 15 1.9
(35.8) (14.5) (10.8) (4.0)
Trivandrum 120 4.8 40 4.1 20 1.8 15 1.5
(36.1) (27.1) (5.3) 3.7
500 hPa
Bombay 40 3.0 24 2.5 120 1.5 13.3 1.4
(29.1) (20.5) (7.1) (6.2)
Calcutia 30 2.6 120 2.6 24 2.5 15 1.9
(17.0) (16.8) (15.4) (8.8)
Madras 120 6.1 40 4.0 20 2.9 17.1 1.2
(44.6) (19.3) (10.0) (1.7)
Nagpur 30 2.5 20 2.2 13.22.2 120 0.7
(20.4) (16.5) (15.7) (1.6)
P-rt Blair 40 4.3 120 3.4 24 2.0 12 1.7
(30.2) (19.0) (6.6) 4.7
Trivandrum 120 3.3 60 2.8 15 1.4 20 1.0
(23.9) (17.3) (4.3) (2.4)
1980
850 hPa
Bombay 120 4,7 60 2.5 24 2.0 15 1.7
(45.2) (12.6) (8.3) (6.1)
Calcutta 40 1.8 133 1.8 20 1.3 120 1.0
(15.6) (15.2) (8.3) 4.7
Madras 60 4.6 120 3.5 24 1.6 15 1.6
(42.0) (25.4) (5.4) (5.0)
Nagprr 120 3.6 30 2.5  13.31.9 24 |.6
(33.6) ('6.1) 9.1) (6.8)
Port Blair 60 4.2 120 2.4 13.3 1.5 24 1.1
2 (46.51 (15.0) (6.0) (3.5)
Trivandrum 120 3.4 24 2.4 60 2.0 15 1.8
(31.1) (15.8) (10.7) (8.7)
500 hPa
mba 60 2.0 15 1.6 24 1.0 120 0.5
B ¥ (18.1) (12.0) 4.7) (.0
tt 40 2.3 120 2.0 24 1.6 12 0.7
Seuta 27.3) (1.3 (13.5) 2.5)
120 4.1 60 3.4 15 3.2 24 1.9
s (24.4) (22.0) (15.0) ;.2
Nagpur 13.3 2.3 120 1.9 20 1.6 40 .1
A (16.3) (1.1 @.1) (.8)
Port Blair 60 3.3 120 2.4 109 1.5 20 1.4
Fos (32.5) (17.3) 6.2) (5.7
ivandrum 60 2.4 15 22 120 1.4 24 0,8
ke L (20.3) (6.7) 2.4

(15.8)

120 5.2
(8.8)
40 4.1
(27.9)
120 6.3
(35.2)
120 3.3
(22.1)
120 4.9
(28.1)
120 6.8
(39.4)

120 4.3
(47.2)
120 6.6
(68.4)
40 2.5
(21.8)
120 5.6
(39.1)
120 1.7
(12.4)
60 1.8
(18.2)

1200 5.0
(40.9)
40 1.8
(18.1)
60 3.5
(32.5)
120 2.5
(21.5)
60 4.3
(27.8)
60 3.2
(21.4)

120 2.9
43.0)
120 4.7
(62.1)
120 2.1
(20.7)
120 3.6
(56.4)
20 1.8
(14.4)
120 2.9
(24.6)

700 hPa
60 3.1 20 2.2
(13.7) (7.2)
24 2.9 10 1.0
(13.5) (6.3)
40 4.8 24 3.7
(19.9) (12.0)
13.3 2.7 24 2.5
(14.4) (12.3)
60. 4.0 24 2.9
(18.9) (2.8)
40 6.0 15.0 2.0
(30.5) 13.4)
300 hPa
60 2.2 13.3 1.6
(12.9) (6.4)
30 2.5 17.1 1.3
(9.6) (2.8)
120 2.4 20 1.5
(20.4) (7.6)
30 2.3 24 1.4
9.7 (3.%)
40 1.6 12 1.4
(10.7) (8.1)
12 1.3 120 1.1
(10.3) (7.4)
700 hPa
60 3.3 15 2.1
(17.6) (7.1)
13.3 1.4 24 1.2
(12.1) (7.7)
120 3.0 24 1.9
(22.9) 9.9)
30 2.4 13.3 1.7
(18.5) 9.9
13.3 2.6 24 1.6
(10.5) (3.8)
120 3.2 24 3.1
(20.6) (19.6)
300 hPa
13.3 1:5 24 1.4
(11.2) (10.1)
24 2.0 40 1.5
(11.1) (6.7)
17.1 1.6 60 0.9
(11.8) (3.7)
40 1.5 20 0.8
(9.6) (2.5)
120 1.4 30 1.3
©@.1 (7.7
24 2.1 13.3 1.6
12.7m (7.6)

component of the wind at isobaric surfaces at the selected
the harmonics gives the percentage of the total

17 1.3
(2.3)
120 0.5
0.5)
15 i.4
(1.8)
30 2.3
(10.4)
12 1.6
(2.9)
24 1.8
2.7

24 0.2
0.1)

20 1.1
(2.0)
10 1.0
3.3)
13.3 1.2
2.9)
24 0.7
(2.4)
20 0.9
(5.1)

20 1.8
(5.4)
120 0.9
(5.1
15 1.5
(6.2)
24 1.4
(6.1)
120 0.7
(0.7)
17.1 2.1
(8.6)

30 1.0
(4.7)
10 0.9
(2.3)
24 0.8
(2.9)
17.1.0.7
(2.0)
12 1.2
(5.9)
60 1.3
.1)
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TABLE 1 (conrd)

850 hPa
120 5.0 40 2.3 15 1.2
(56.3) (12.3) (3.3)
24 3.6 60 2.4 15 2.0
(28.3) (13.1) (8.6)
60 4.4 -120 3.5 24 2.4
(30.6) (20.1) (9.0)
120 6.1 60 3.3 -24 2.8
(46.0) (13.1) (10.0)
60 6.0 24 3.1 15 2.9
(43.2) (11.9) (10.3)
60 2.6 120 1.9 - 24 1.3
(28.9) (15.6) (7.0)
500 hPa
40 1.7 120 1.7 12 1.3
(16.5) (15.6) (9.8)
24 2.6 13.3 2.6 120 2.4
(15.9) (15.1) (13.2)
60 5.0 24 3.2 120 3.0
(28.7) (11.6) (10.2)
40 2.0 13.3 1.9 20 0.9
(15.9) (14.9) (3.4)
60 5.5 24 2.2 120 2.1
(49.3) (7.7) (7.4)
60 4.8 12 2.1 24 1.5
47.7) (9.6) (5.0
850 hPa
120 4.5 60 3.4 24 1.8
(43.6) (20.3) (6.8)
120 3.3 24 3.0 40 2.7
(19.5) (15.9) (12.8)
120 3.6 20 2.2 60 2.2
(31.1) (11.4) (11.0)
120 4.9 60 3.0 24 1.7
(48.3) (18.2) (6.1)
120 3.2 60 2.4 13.3 1.8
G7.7 (16.0) (8.6)
30 2.0 120 1.9 13.3 1.3
(22.A) (20.0) (8.8)
500 hPa
60 1.6 24 1.3 120 1.2
(15.5) (10.1) ©.7)
120 3.6 24 2.4 40, 2.0
(29.2) (13.3) 9.6)
60 3.4 24 1.2 I5 2.9
(13.7) (11.9) 9.8)
30 2.0 12 1.4 120 1.4
(18.4) 9.1) (8.8)
60 2.9 120 2.5 13.3 1.9
(20.5) (15.6) 9.2)
13.3 1.9 120 1.8 60 1.5
(13.4) (13.0) (8.5)

1981

20 1.1
(2.8)

120 0.8
(1.5)

15.0 2.2
(7.8)

10 1.4
(2.4)

120 1.3
(1.9)

12 1.2
(5.9

24 0.8
(3.4

40 1.6
(=.1)

12 2.6
7.m

120 0.6
(1.6)

15 1.3
(2.8)

120 1.5
4.6)

1982

15 1.1
2.7)

10.9
a.7m

13.3 2.1
(10.1)

12 1.7
(5.8)

20 1.0
(3.0)

20 1.1
(6.1)

2.1

120 6.1
(62.2)

24 3.6
(28.6)
120 3.3
(21.6)

120 4.6
(42.4)

60 6.2
(48.6)

60 5.4
(41.2)

120 2.5
(30.5)

120 5.7
(39.2)

60 4.0
(37.5)

120 4.0
(34.5)

13.3 3.0
(11.8)

60 3.3
(23.0)

120 6.3
(65.0)

120 4.0
7.1

120 5.6
(25.7)

120 4.0
(40.9)

120 3.0
(20.4)

30 2.3
(16.5)

120 2.1
(19.6)

120 4.4
37.9)

60 1.8
(11.2)

120 3.7
(37.7)

40 2.3
(16.2)

12 2.6
(20.3)

700 hPa
40 3.5 17.1 1.4 24 1.0
(20.9) (3.3) (1.7
40 2.5 .15 1.8 120 1.0
(14.0) (7.4) @2.n
60 3.3 15 2.2 24 2.0
(20.5) @.1) (8.1)
40 2.6 15 2.3 20 1.6
(13.7) (10.3) (5.3)
24 3.0 15 2.0 120 0.4
(11.1) 4.9) (0.4)
20 2.3 120 1.8 12 1.7
7.7 4.3 (3.8)
300 hPa
60 1.9 0 1.7 24 0.3
(17.8) (13.9) (0.5)
15 3.3 60 2.9 20 2.9
(13.3) (10.3) 9.7)
24 2.0 1201.6 17.1 1.5
(9.5) (6.2) (1.6)
15 2.4 20 1.8 40 1.6
(12.8) 6.7) (5.7)
20 2.7 1202.5 60 2.3
9.3) (8.2) (6.6)
120 3.2 24 1.5 12 1.5
(21.8) (4.6) 4.6)
700 hPa
60 2.6 24 1.8 15 0.9
(11.1) (5.1) (1.2)
24 2.5 109 2.4 40 1.9
(11.2) (10.,4) 6.6)
30 4.5 20 3.8 15 3.0
(17.6) (11.9) (7.4)
60 1.9 . 24 1.6 13.3 1.6
9.4) (7.0) (6.7)
60 2.9 15 2.0 20 1.0
(19.5) (9.0) (2.4)
120 2.1 20 1.8 10.91.8
(13.1) (10.0) 9.7)
300 hPa
120 2.3 20 2.3 40 1.5
(15.9) (15.6) (6.6)
60 2.5 13.32.2 24 2.1
(12.4) (9.5) (8.4)
120 1.6 15 1.6 24 1.3
(9.4) (9.0 (5.8)
30 2.3 20 1.5 15 1.1
(15.5) (6.7) (3.4)
120 1.9 109 1.7 20 0.9
(1.3) ©.1) (2.3)
40 2.1 20 1.7 120 0.7
(13.5) (8.2) (L.5)
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Bombay
Calcutta

Madras

850 hPa

24 1.8
(10.9)

120 2.2
(19.5)

40 2.5
(17.7)

24 2.7
(13.7)

20 2.2
(20.7)

24 2.4
(27.5)

500 hPa
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TABLE 1 (contd)

13.3 1.4 30 0.9

(10.9) (4.8)

24 1.8 10 1.3

(11.0) (6.3)

13.3 2.1 24 1.7

(8.3) (5.5

120 2.2 60 1.8

(12.4) (7.9)

20 2.8 17.1 1
(20.4) 6.7)

60 1.7 15 1
(12.3) (8.2)

850 hPa

.6

4

120 3.7 60 2.4 20 1.8

(38.2) (16.4) 9.1)

9.2 2.9 120 2.4 17.1 2.2

(14.7) (10.3) (9.0)

120 4.4 60 3.7 15 2.6

(29.2) (21.1) (10.0)

60 3.0 120 2.9 15/ 1.9

27.3) (16.0) (11.4)

60 5.2 17.1 2.7 120 2,

(39.0) (10.5) (6.4)

120 3.4 60 2.7 15 1
(30.2) (18.5) (8.1)

500 hPa

24 2.4 40 2.0 120 1
(19.5) (13.1) (5.1)

1

.8

-

120 2.6 15 2.4 24 2.0

(15.6) (13.5) (8.9)

A) 3.6 120 3.1 15 2.
(21.5) (15.6) (10.1)

5

700 hPa

13 1.8 24 1.7 30 1.1
(8.5) (7.6) 3.2)

24 2.4 30 1.6 13.3 1.4
(19.7) (9.1) (7.2)

120 2.8 24 2.3 10 1.1
(20.4) (14.0) 2.9

17 2.3 60 1.9 120 1.5
(13.3) (9.1) (5.4)

24 2.1 40 1.5 120 1.
(18.3) (8.5) 4.5)

24 3.1 15 1.7 120 1.6
(21.6) (6.6) (5.4)

300 hPa

60 2.8 17.1 1.4
(23.2) (5.4)

60 2.0 10.9 1.5
(10.1) (5.3)

120 1.7 20 1.5
(12.5) (10.4)

60 3.4 24 3.2
(20.0) (17.8)

30 1.7 15 1.4
(13.7) (10.3)

60 2.6 24 2.1
(16.1) (10.5)

700 hPa

60 2.5 24 1.7 10 1.4
(15.5) (6.8) (4.8)

60 3.1 24 3.0 120 1.2
(8.8) (8.1) (1.3)

120 2.9 15 2.2 20 1.4
(17.6) (10.0) (3.9

120 2.1 30 2.0 24 1.1
(12.9) (11.6) (3.6)

17.1 2.2 120 2.1 24 2.0
(7.7) (7.0) (6.3)

60 2.8 15 2.7 24 2.5
(13.9 (12.4) (11.0)

300 hPa

15 1.6 40 1.4 24 1.3
(11.4) (8.9) (1.7

24 2.6 30 1.6 15 1.5
(13.3) (5.0) (4.6)

60 2.5 24 1.% 120 1.0
(19.2) (4.6) (3.3)

Nagpur 120 1.5 24 1.3 30 1.3 120 2.1 24 1.9 30 1.1 12 0.9
& (3.8) (10.2) ©.5) 24.1) {20.8) (6.4) (4.4)

port Blair 60 4.1 120 2.0 17.1 1.7 24 2.5 120 2.0 17.1 1.7 60 0.8
(39.4) (8.9) (6.4) (24.3) (16.5) (11.6) 2.7

24 2.7 2.3 120 1.9 . 60 2.7 17.1 2.5 120 1.7 24 1.1
(22.7) (16.8) ('1.2) (18.7) (16.7) 7.7 3.2)

Trivandrum
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Figs. 1 (a & b). Graphs showing period of harmonic in days and the percentage of variance explained in the zoral component

at : (a) 850 hPa and (b) 300 hPa in 1983
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Figs. 1 (c & d). Graphs showing period of harmonic in days and the percentage of variance explained in the meridional
component at : (c) 850 hPa and (d) 300 hPa in 1983

It can be seen that the harmonic contributing to the
maximum variance of zonal flow in most of the vears
happens to be the seasonal cycle. In the six years sample
examined, the maximum percentage variance ex-
plained by the first harmonic in the zonal flow at 850
hPa is 56.3 % for Bombay in 1981 and the minimum is
19.5% for Calcutta in 1982. For the zonal flow at
300 hPa maximum variance explained bythe first har-
monic is 6&.4% for Calcutta in 1979 and the minimum
is 20.3% for Trivandrum in 1982.

The analysis of the meridional components (Table 2)
reveals that the maximum variance explained by 30-60
days for the sample 1979 to 1984.was 33.99% over Port
Blair in'1982 and the minimum 2.2 % over Trivandrum
in 1979.

Both in the zonal and meridional component this mode
(30-60 day) can be observed at lower as well as upper
tropospheric levels. However, it is more prominent in
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" TABLE 2

Period(days) and ami.nlitude(mis) of the major harmonics in the meridional wind component of the wind at isobaric surfaces at the selected
stations in India in different years (1979-1984). The figures in bracket below each of the harmonics give the percentage of the total
; variance explained by the harmonics

" 1979
- 850 hPa 700 hPa
‘Bombay 120 2.2 30 24 133 1.1 20..0.9 40 2.4 20 2.4 13.31.9 120 0:6
: (19.7)- (17.8): (5.2) (3.5) (22.0) (21.1)" 137 (1.2
. Calcutta . 60 1.6 1201.5 12 1.5 24 1.2 120 2.9 60 2.1 10 1.0 2008
' (9.2) (8.0) (8.0) 2.5) (21.9) (17.8) (4.5) 2.4)
Madras 20 24 12 1.6 40 1.5 120 1.3 30 1.3 12 1.2 120 0.9 24, 0.9
GB1.1) (125 - (1.1) (8.7) (13.9) (12.9) (7.4) (6.4)
Nagpur 20 '8 30°1.7 150 1.6 120 1.3 13.3 1.5 30 1.4 20 1.2 120 0.8
o (15.00  (12.8).  (10.9) (1.4) (16.9) (15.7) . (10.8) - (4.8) -
Port Blair 13.3 1.5, 24 ‘1.1 120 0.8 40 0.7 40 1.6 120 1.4 13.31.0 24 1.0
a71.7 (9.3) (4.9) (3.9) (22.2) (17.6) 9.9 9.8)
Trivandrum "13.31.6 12015 24 1.4 60 0.6 8 0.9 20 09  10.90.9 30 0.8
(18.5) . (15.4) (12.8) (2.2) (8.0) (1.9) (7.5 (6.8):
' 500 hPa 300 hPa .
Bombay 40 1.7 24 1.5 133 1.3 120 1.2 120 1.4 30 1.4 12 0.9 24 0.5
(14.1) (10.7) 9.1 (1.4 (18.1) U - (7.9 2.9,
Calguitta 20 1.3 120 13 10.91.3 60 1.3 120 1.4 15 1.2 60 0.5 30 0.5
: (11.7)° (1.5 © (11.4) (11.2) (19.0) (13.5) 2.5 2.5
Madras 15 1.0 24 0.9 40 0.6 120 0.4 120 1.0 60 1.0 12 0.9 24 °0.7
(18.2) (12.7) (5.2) (2.6) (14.0) (13.2) (10.2)  (7.1)
Nagpur 120 1.6 60 1.1- 10.90.9 20 0.7 120 1.3 60 1.2 17.1 1.2 ‘24’ 1.0
. (18.0) =~ (5.4) - (5.5) (3.4) (16.8) (13.4) ©  (13.3) 9.4)
Port Blair 7.5 1.2 30 1.2, 10.91.0 20 1.0 40 1.5 24 0.8 10 0.6..120 0.2
(12.9) (12.7.° 0.2 9.2) (21.5) (8.8) ©  (4.8) (0.4)
Trivandrum 7.5 1.0 13.30.9 40 0.8 120 0.7 40 1.5 120 1.5 20 1.3 13.31.3
(10.0) (8.5) (6.6) (5.8) (12.6) (11.5) 9.2) 9.2)
1980
850 hPa 700 hPa
Bombay 120 2.4 60 1.4 20 1.4  13.3 1.3 4 2.6 2) 1.6 120 1.3 12.0 1.0
(33.5) (11.0)>  (10.9) (10.6) (24.7) (9.2) (5.6) 3.1
Calcutta 17.1 1.2 24 09 60 1.1 12 0.8 24 1.2 12708 30 0.8 20 0.7
(1.4 (11.2) (11.0) (9.8) (17.4) 7.4 13 (5.8)
Madras 40 1.9 120 1.8 13.31.2 20 0.7 60 1.3 20 0.9 10 0.7 120 03
(23.5) (20.4) ©.1) (3.4) (22.5) (12.4) (6.4) (0.9)
Nagpur 30 23 120 1.9 12 1.2 24 0.9 120 1.8 30 1.6 20 0.8 10 “0.7
(22.0) (15.3) (6.3) (3.0) (20.5) (14.8) “.00 (3.2
Port Blair 13.3 1.2 4009 20 0.5 120 0.6 7 1.4 13.3 1.1 20 1.0 40 0.8
(19.4) (11.9) (3.2 (2.9) (16.0) (10.1) (8.6) (5.4)
- Trivandrum 40 2.1 120 1.5 15 1.4 24 1.1 20 2.1 40 1.5 15 1.1 120 0.1
(17.6) 9.5) (8.0) (5.0) (27.2) (14.4) (8.0) ©.1)
500 hPa ' 300 hPa
Bombay 17.1 1.6 40 1.4 120 1.3 20 0.7 120 1.6 40 0.9 24 0.8 12 6.0
(11.9) (8.6) (7.3) (2.5) (31.3) (8.8) (7.4) (3.9)
Calcutta 24 1.0 60 0.9 120 0.8 10.9 0.8 60 1.6 24 1.0 12 0.7 120 0.3
(13.1) (10.8) (8.8) (8.0) (34.5) (12.5) 6.6)  (1.6)
Madras 40 1.5 133 1.5 20 1.0 120 0.6 10 1.2 60 0.9 24 0.8 120 0.3
(17.6) (14.3) (7.2) (2.3) (15.1) (8.4) (7.1) ©.7)
Nagpur 7 1.4 109°1,0 40 0.9 24 0.8 60 1.5 120 0.7 10 0.6 20 0.5
(17.3) 9.4) (6.6) 5.90 G9.7) (6.5) @9 @.n
Port Blair * 10 22 60 2.0 120 2.0 20 1.1 30 1.3 15 4.4 24 0.7 120 0.5
(11.6) (10.1) (9.3) (2.8) (14.6) (10.2) @y @5
Trivandrum 40 1.6° 15 1.4 20 1.1 120 0.7 60 1.5  13.3 1.5 20 1.1 120 0.5
' (18.9) (13.6) 9.5) (3.5) (14.9) (14.3) (8.4) (1.6)
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TABLE 2 (contd)

Bombay
Calcutta
Madras

Nagpur
Port Blair

Trivandrum

Bombay
Calcutta
Madras
Nagpur
Port Blair

Trivandrum

Bombay
Calcutta
Madras
Nagpur
Port Blair

Trivandrum

Bombay
Calcutta
Madras
Nagpur
Port Blair

Trivandrum

850 hPa
120 3.1 40 2.1 24 1.7 12 1.4
(34.5) (6.6) (10.0) (7.2)
20 1.8 40 1.7 10.9 1.5 120 1.0
(12.1) (11.3) (8.2) (3.6)
120 1.9 60 1.7 13.3 1.2 24 1.1
(19.8) (16.2) (7.9) (7.0)
60 3.7 24 1.6 17.1 1.4 120 1.0
(35.5) (6.2) 4.8) (2.5)
24 1.2 60 1.2 120 0.8 12 0.7
(14.7) (13.9) (6.5) (4.6)
120 2.7 12 1.3 40 1.1 20 0.8
(38.3) (8.5) (6.1) (3.4)
500 hPa
15 1.6 60 1.6 24 0.8 120 0.8
(15.7) (14.7) (3.6) (3.3)
24 1.7 10.9 1.0 60 1.0 120 0.9
(18.1) (.1 (6.0) (5.9)
60 1.5 13.3 1.2 20 0.7 120 0.5
(23.5) (15.1) (4.9) (2.4)
60 2.7 10.9 1.3 120 1.1 20 0.4
(26.9) (6.6) (4.2) (0.5
60 1.0 24 1,0 12 1.0 120 0.8
9.2) (8.2) (8.2) (5.6)
12 1.3 30 1.3 120 1.0 20 0.3
1(18.9) (18.5) (11.3) (1.0)
850 hPa
120 4.3 60 1.7 20 1.4 17.1 1.1
(53.9) (8.7) (6.0) {3.7)
40 2.3 10.9 2.2 20 1.9 120 0.6
(13.0) (11.4) (8.5) 0.9)
60 1.3 13.3 1.2 24 1.1 120 0.5
(13.7) (11.2) (9.4) (1.6)
24 2.0 60 2.0 120 11.4 10 1.1
(1R.3) (17.8) (8.6) (5.9)
60 1.7 120 1.4 15 1.2 24 1.1
(24.0) (14.9) (12.2) (10.2)
24 1.9 120 1.4 40 1.3 15 0.9
(19.7) (10.5) (10.3) (4.8)
500 hPa
24 1.6 40 1.3 15 1.0 120 0.3
17.7) (11.4) (7.0) (0.8)
40 1.7 120 1.4 10.9 1.4 24 1.1
(14.3) 9.2) 9.0) (6.1)
13.3 1.2 40 1.1 20 0.7 120 0.5
(14.0) (10.7) (4.5) (2.6)
10.9 1.4 120 1.4 60 0.7 24 0.4
(21.5) (20.9) (4.8) (1.8)
60 1.2 120 0.9 13.3 0.9 24 0.6
(14.8) 9.2) (7.5) (3.4)
40 1.3 15 1.0 120 0.9 24 0.4

(20.8) (11.4) 9.3) 2.2)

700 hPa

60 2.0 24 1.4
(15.9) (7.8)

120 1.7 24 1.6

9.5 (1.8)
60 1.2 24 1.1
(13.8) (11.6)
20 2.3 10.9
(14.3) (5.7)
15 0.9 20 0.6
(8.6) (3.5
30 1.4 20 1.0
(13.7) (7.5
300 hPa
10 1.4 60 1.0
(16.3) (9.3)
15 1.5 20 1.0
(13.7 (5.6)
120 1.3 12 1.0
(12.5) (7.0)
120 0.8 60 0.8
(9.0) (7.5)
20 0.9 13.3 0.9
(8.7) (8.6)
120 1.6 10.9 1.1
(13.4) (6.2)
700 hPa

15 2.4 120
7.3 (10.1)
17.1 1.9 30
9.2) (7.0)
20 1.8 40 1.2
(1.5 (3.3
20 1.3 40

60 1.1 120
(10.8) (8.3)

13.3 1.3 60 0.7

(14.7) 4.7)
300 hPa

15 1.1 24 0.9

9.7) (7.3)

40 1.1 10

(6.6) (6.0)
60 1.0 20 0.6

(13.9) (4.6)

60 0.9 24 0.7

(9.8) (5.0)

120 0.9 17.1 0.8

(5.8) (4.4)

20 1.3 13.3 1.0

(8.4) (5.3)

1.
9.9 (9.1)

15 1.4
(7.3)
10.9 1.3
(5.2)
10 0.9
(7.3)
120 1.4
(5.3)

120 0.7
0.7)

12 1.0
(6.9)

20 0.4
(1.3)

120 0.3
0.7)

24 0.6
(2.9)

24 0.6
(4.1)

120 0.6
2.9)

24 0.9
(4.5)

20 1.5
(7.3)

20 1.7
(7.0)

120 0.5
©0.6)

10.9 0.9
(5.2)

15 0.9
(7.5)

120 0.4
(1.6)

40 0.6
2.9

120 0.8
(3.5

120 0.4
(1.6)

120 0.3
0.9)

24 0.4
(r.1

120 0.9
(4.3)
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TABLE 2 (contd)
1983
850 hPa 700 hPa
Bombay 15 "2.2 40 2.1 120 2.0 20 0.7 15 2.3 40 2.0 120 2.0 20 1.3
(17.3) (17.2) (15.3) (1.9) (20.9) (16.1) (15.9) (6.9)
Calcutta 24 1.1 12 0.9 120 0.8 60 0.5 60 2.2 120 2.0 20 1.3 15 1.1
(18.0) (10.2) (8.4) 2.9) (21.9) (18.8) (7.9) (5.7
Madras 12 1.4 120 1.0 60 0.8 24 0.8 60 0.8 15 0.7 20 0.5 120 0.2
(15.8) (7.3) (5.2) 4.5 (12.4) (11.1) 4.7 0.7)
MNagpur 30 2.8 15 1.8 120 1.4 20 1.1 12 2.3 40 1.8 20 0.8 120 0.5
(28.4) (12.0) (7.6) (4.8) (22.0) (13.1) 2.8) 0.9)
Port Blair 40 1.3 10.9 1.2 20 1.1 120 1.0 30 1.2 20 1.1 10.9 1.0 120 0.2
(12.6) (10.8) 8.1 (6.6) (14.7) (11.9) 9.4) (0.4)
Trivandrum 120 1.8 24 1.5 30 1.4 10.9 1.3 30 1.6 12 1.4 120 1.3 24 0.9
(17.2) (12.1) (10.7) 9.7) (16.6) (13.4) (10.8) (5.4)
500 hPa 300 hPa
Bombay 15 2.4 20 2.3 120 1.7 40 1.4 10,9 1.4 120 1.3 40 1.0 20 0.6
(16.8) (16.2) (8.5) (5.8) (8.1) (6.9) 4.3) (1.4)
Calcutta 120 1.4 10 1.1 60 1.0 20 0.8 120 1.1 30 0.9 17.1 0.8 24 0.7
(17.8) (10.5) (8.8) (6.1) (15.5) (11.3) (8.5) (6.8)
Madras 13.3 2.0 30 1.7 120 1.2 24 0.8 60 0.8 120 0.8 13.3 0.5 24 0.5
(8.6) (6.2) (3.0) (1.5) (14.4) (13.9) (6.9) (6.3)
Nagpur 30 1.5 12 1.2 20 1.1 120 0.5 40 1.3 120 1.1 20 1.0 10.9 0.5
(13.2) 9.6) (7.1) (1.3) (17.1) (13.7) (11.0) (3.0)
Port Blair 20 2.2 40 1.3 10.9 0.9 120 0.1 60 1.5 120 1.5 17.1 1.4 24 0.7
(32.0) (11.5) (5.3) (0.1) (16.2) (16.0) (14.2) (3.9
Trivandrum 40 1.8 24 1.3 17.1 1.3 120 0.4 120 1.6 17.1 1.5 40 1.2 24 1.1
(18.5) (10.7) (10.3) (0.8) (15.0) (13.7) 9.3) (6.8)
1984
850 hPa 700 hPa
Bombay 60 2.2 15 1.4 20 0.9 120 0.8 60 2.2 24 1.7 17.1 1.3 120 1.0
(28.7) (11.6) (4.5) (3.9 (25.2) (14.4) (8.6) 5.1
Calcutta 24 3.4 30 2.4 120 1.2 17.1 1.0 17.1 2.6 20 1.8 40 1.3 120 1.3
(29.8) (15.4) 4.0) (2.6) (13.6) (6.5) (3.4) (3.3) -
Madras 60 1.6 24 1.2 10.9 1.0 120 0.8 10 1.4 60 1.0 20 0.6 120. 0.3
(20.4) (12.1) (7.9 (4.6) (21.9) (11.3) 4.4 (1.2)
Nagpur 60 2.0 17.1 1.6 24 1.4 120 1.2 60 1.4 15 1.1 24 0.8 120 0.7
(16.3) (10.5) (8.1) (5.4) (14.1) (8.9) (4.2) 3.1
Port Blair 120 2.2 40 1.4 17.1 1.3 24 1.0 20 1.1 120 1.0 40 0.9 10 0.7
(25.8) 9.5 (8.3) (5.4) 9.1) (8.3) (6.5 “4.1)
Trivandrum 120 2.4 12 1.1 24 1.1 30 1.0 20 1.2 40 0.8 13.3 0.8 120 0.7
(35.3) (7.9 (7.2) (6.2) (16.7) (7.5) (7.2) (6.0)
500 hPa 300 hPa
Bombay 120 1.5 40 1.4 15 1.3 24 1.0 120 1.1 20 0.8 30 0.7 10.9 0.7
(11.5) (9.5) 9.1 (5.5) (16.3) (8.2) (6.6) (6.6)
Calcutta 24 1.2 30 1.0 10.9 1.0 120 0.7 30 1.6 10.9 1.0 120 0.9 24 0.8
(7.8) (5.5) 5.9 2.7 (16.6) (6.1) (5.1 4.4
Madras 40 1.2 10 1.1 24 0.6 120 0.5 17.1 0.9 120 0.8 40 0.8 24 0.7 .
(15.0) (12.7) 4.5) 2.5 (8.6) 6.4) (5.5) 4.8)
Nagpur 60 1.4 17.1 0.9 120 0.9 24 0.6 60 1.0 24 0.5 10.9 0.5 120 0.5
(20.7) (8.4) (7.6) 3.7 (18.7) 4.8) 4.6) 4.9
Port Blair 20 1.1 30 1.1 120 1.0 10.9 0.9 120 1.2 15 1.1 60 0.8 20 0.8
9.9 ©.8) (7.4 (5.9) a.n  ©.5 G4 @8
Trivandrum 12 1.0 60 1.0 120 0.5 24 0.2 120 2.0 60 1.1 17.1 0.9 24 0.4
(12.2) (11.8) 3.1 (0.5) (24.4) (7.9) (5.0) (1.1)
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TABLE 3
Phase angles of zonal and meridional 2nd, 3rd & 4th harmonics of 1979 and 1983 for 850 and 300 hPa levels

Station Harmonic Zonal
No. ——r—
850 300
Bombay 2nd 15 15
3rd 30 30
4th 8 8
Calcutta 2nd 30 2
3rd 3 21
4th 12 15
Madras 2nd 8 21
3rd 23 22
4th | |
Nagpur 2nd 27 2
3rd 29 32
4th 13 14
Port Blair 2nd 18 42
3rd 25 23
4th 2 27
Trivandium 2nd 6 3
3rd 12 35
4th 27 26

1979

1983
Meridional Zonal Meridional
—— ——t—— e
850 300 850 300 850 300
27 50 9 2 25 52
23 34 6 38 18 6
16 19 7 3 24 19
59 36 19 | 42 7
19 29 2 18 8. 30
16 4 25 0 21 3
16 53 29 6 37 37
19 32 26 31 15 28
9 7 15 7 8 26
15 55 29 2 43 9
16 11 19 5 9 3
17 9 29 8 17 18
59 58 14 3 18 16
1 0 38 2 16 1
29 15 1 12 25 13
50 60 14 4 30 42
12 40 34 3 20 4
6 I 17 13 0 3

the lower levels both in the zonal and the meridional
components. Though this mode i1s observable in the wind
field it shows: (i) variable period from one year to the
other over the same station for example the pre-
dominant period in the zonal flow over Calcutta is 40
days in 1979 and 1980 but it is 60 days in 1984, over
Madras it is 60 days in 1980 but 40 days in 1983, (ii) In
the same year the period varies from one station to the
other. In 1979 and 1980 the period is 40 days over
Calcutta but 60 days over Port Blair and Madras. (iii)
In the same year and over the same station the period
may vary between the lower and upper troposphere for
example in 1979, over Calcutta the period is 40 days at
850 hPa and 700 hPa while it is 30 days over 500 hPa
and 300 hPa. (iv) Even though the 30-60 days mode
is most predominant harmonic atsome level it rarely
account for the variance in excess of 20 to 30°.. In
-some cases it is as low as 10 to 15°.

In addition to this mode the 10-20 day cycle is also
noticed in most of the years with practically same con-
tribution to the variance. for example at 850 hPa over

Calcutta in 1980, at 700 hPa over Nagpur in 1979 and
at 500 hPa over Calcutta in 1984. This is more pro-
minent in the meridional component.

The maximum variance explained in the sample is
319 in 1979 at 850 hPa over Madras and at other
stations the mode is conspicuously seen contributing
10-3079; to the variance of the intrascasonal changes in
the circulation.

3.2. Propagation characteristics of the waves

Table 3 shows the phase angle of the zonal and
the meridional components respectively at 2 levels
(850 and 300 hPa) for the years 1979 and 1983. This
has been studied to identify whether there is a regular
south to north progressions in the 2nd, 3rd and 4th
harmonics (60 to 30 day period) at all levels. The 3-day
moving averages were used as discussed earlier. For the
2nd harmonic with a period of 60 days a phase angle of
6” 1s equivalent to 1 day while for the 3rd and 4th har-
monics phase angle of 9° and 12° respectively are equi-
valent to 1 day.
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In 1979, in the zonal flow we see the phase angles
gradually increasing for the 2nd harmonic from Tri-
vandrum to Calcutta at 850 hPa. The phase angle over
Port Blair lags behind that of Bombay. The 3rd har-
monic does not show a similar regular progression since
Calcutta (22° N) has the minimum phase angle and Bom-
bay has a lower phase angle as compared to Trivandrum,
Madras and Port Blair. The 4th harmonic shows the
least phase angle over Madras, while Bombay, Nagpur
and Calcutta have a lower phase angle than Trivandrum
which is the southernmost station.

This anomaly in the phase propagation could be due
to the fact (Table 1) that at 850 hPa in 1979 the 3rd
harmonic is prominent over Calcutta, Trivandrum and
Port Blair while the 2nd harmonic is prominent over
Bombay & Madras and the 4th harmonic is promi-
nent over Nagpur. This is in line with the findings of
Rama Sastry er al. (1986) that the near forty-day mode
has not only inter-annual variablity but also considera-
ble variation within the same season from one
latitudinal belt to the other.

In the meridional component at 850 hPa the lowest
phase angle for the 2nd harmonic is seen over Madras
followed by Bombay, Trivandrum, Port Blair & Nagpur
and Calcutta does not show any systematic south to
north progression in the wave. In the 3rd harmonic
(40-day) the minimum phase angle is over Poit Blair
followed by Trivandrum, Maaras and Nagpur indicating,
perhaps, a south to north movement. However, Bombay
and Calcutta have a phase later than that of
Nagpur,

In 1983, the 850 hPa zonal circulation appears con-
fusing; the lowest phase angle for the 2nd and 3rd har-
monic is seen over Bombay. For the 4th harmonic also
the lowest phase angle is over Port Blair followed by
Bombay, leaving Trivandrum and Madras, The phase
angles of Nagpur and Calcutta appear to be consistent.
In the meridional component the 2nd harmonic shows
minimum phase angle over Port Blair followed by
Bombay. Thus, Trivandrum and Madras do not appear
consistent with south to north progreszion: Calcutta
and Nagpur have consistent phase angles. For the 4th
harmonic minimum phase angle is over Trivandrum
followed by Madras, Nagpur, Calcutta and Bombay.
However, Port Blair has a very large phase angle.

In the upper troposphere (300 hPa), a similar analysis
was done to see the phase propagation. In 1979, the
zonal flow does not show any systematic propagation
consistently over all the stations.

In 1979, the meridional component for the second har-
monic does not show a south-north propagation. Same
is also true for the third harmonic. However, the fourth
harmonic shows a south to north propagation between
Trivandrum, Madras and Bombay. Nagpurand Cal-
cutta do not show this. In 1983 at 300 hPa the zonal
flow does not show a consistent increase in the phase
angle from Trivandrum to Calcutta in second harmonic.
For the third harmonic the phase angle increases from
Trivandrum to Bombay through Madras. However,
the phase angle over Nagpur and Calcutta are smaller
than that over Bombay. In the fourth harmonic the
phase angle of Trivandrum lags behind that of other
stations. In the meridional component at 300 hPa the
second harmonic does not show increase from Trivan-
drum northwards. In the third and fourth harmonic
there is increase in the phase angle between Trivandrum
and Bombay but Madras. Nagpur and Calcutta do not
appear to be consistent.

4. Results and interpretation

By detailed analysis of the zonal and meridional
component of the wind by resolving it into harmonic
components the intra-seasonal variation in the circula-
tion has been studied. The main interest of the study as
pointed out earlier is to see how large a fraction of the
total seasonal variation is caused by the low frequency
mode (30-60 days) over a region extending from 75° E
(Bombay) t0 93° E (Port Blair) from §° N (Trivandrum)
to 23" N (Calcutta). The important
are :

conclusions

(1) By far the first harmonic or the seasonal cycle
contributes to the largest variance explained in
most of the years over most of the stations.

(2) The low frequency mode (30-60 days) shows
considerable interannual variability over the
same station as well as over different stations.
For example, the important harmonic at 850
hPa over Calcutta is 40 days during 1979 and
1980 while in 1981, it is 60 days.

(3) In the same year the mode is not equally import-
ant at all stations as interpreted on the basis of
the percentage of the variance explained by
it.

(4) The vertical structure of the waves show that
the period explaining the maximum variance
often changes with height and the low frequency
mode is more prominent in the lower tro-
posphere.
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(5) The low frequency mode in general accounts for
less than 30°, of the variance in a season and
does not have a stable period. As a result.
it could be of little use for extended or medium
range prediction.

(6) The waves also propagate inconsistently north-
wards and on a few occasions show a south-
ward propagation also. Such a southward
propagation in the deep convection has been
reported by  Murakami (1984) over the
summer monsoon region of the northern
hemispherc.
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