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ABSTRACT. Intra-seasonal variations during the summer monsoon have been documented by
various workers. Recently, low frequency oscillations in the time scale of 10-15 days and 30 -50 days
have been cxtensively studied. The morphology of intra-seasonal fluctuations on a regional scale
(over the Indian sub-continent) has been studied using mean circulation parameters. The low frequency
oscillation (30-50 days) and its contribution to the fluctuations of rainfall have been discussed.
Synoptic scale (3-5 days) oscillation and the quasi-biweekly oscillation appear more relevant as a
tool of explanation for the major intra-seasonal oscillation in rainfall.

1. Introduction

_The regional monsoon circulation exhibits varia-
b:llt)( on various time scales, e.g., the synoptic mode, the
quasi-biweekly mode, near forty-day mode and the
inter-annual mode (Shukla 1985). Monsoon rainfall
having considerable economic impact for India, fore-
casting on short, medium and long range are important.
In the present investigation an examination has been
made of the intra-seasonal variation of the summer
monsoon rainfall over India for the period 1979-83.
The year to year variations of the onset and advance and
active and break cycles are discussed. Studies by Yasun-
ari (1981), Sikka and Gadgil (1980) have shown that
cloudiness over an extensive zone in the Asian summer
monsoon domain shows a periodic oscillation in the time
scale of 30-50 days. It has also been claimed that this
mode is capable of explaining the major active-break
cycle in monsoon rainfall. Murakami er al. (1984) have
shown that over the monsoon region spectral peaks with
periods shorter than 10 days are quite prominent in the
lower troposphere, in the v spectrum, while at 200
hPa «’ fluctuations in the 40-50 day period are not signi-
ficant over the Indian sub-continent. #’ and v’ are the
intra-seasonal transient variations in the wind compo-
nent as defined by Murakami er al. (1984). The central

question is, therefore, to understand the relative effect
of short period synoptic scale oscillation and low fre-
quency planetary oscillations on the summer monsoon
maintenance. However, examination by Murakami
et al. (1984) was confined to only the FGGE level III B
data for 1979. In this paper, a critical examination is
made about the role of 30-50 days cycle in modulating
the 9minfall over India by considering five years data,
1979-83.

Observational evidence have been examined for identi-
fying this mode in the rainfall during the summer
monsoon season by Rama Sastryer al. (1986). It was
shown that the near forty-day mode is variable from
year to year. It is also not seen all over the Indian sub-
continent and the mode is masked beyond 20° N. In

_ the present paper the morphology of the intra-seasonal

oscillation has been examined by utilizing the mean
circulation charts and weekly rainfall departures.
Spatial and temporal variation in these are discussed.

2. Methodology

The weekly rainfall departure for different sub-
divisions in India have been collected for the summer
monsoon season (Jun-Sep) from 1979 to 1983. This
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Fig. 1. Demarcation of zonal belts for averaging rainfall
TABLE 1

Dates when covered
entire country
11-15 July
26 June
10 July
22 July
18 July

Dates of onset
over Kerala

11 June
1 June
30 May
28 May
12 June

has been arranged into nearly zonal strips and the rain-
fall departures, have been worked out with complete
meteorological sub-divisions of India as the smallest
unit (Fig. 1). The zonal belts are :

Belt No. I — From the southern tip of the country
upto about 10° N (Including Arabian Sea
and Bay Islands).
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Fig. 2. Latitude time-section of weekly rainfall anomalies

TABLE 2
Auto-correlation for different zonal belts for different lags

1wk 2wk 3wk 4wk 5wk 6wk 7wk

lag lag lag lag lag lag lag
BeltI 0.35* 0.05 —0.13 —0.01 0.09 0.05 0.00
Belt IT 0.42* 0.09 —0.09 —0,04 0.05 0.07 0.27**
Belt IIT 0.3%* 0.03 —0.11 —0.11 —0.03 0.19 0.29**
Belt IV 0.27* 0.07 .0.13 —0.05 0.05 0.14** 0.08
Belt V. 0.09** 0.00 0.04 0.15¢ 0.05 —0.12 0.05

*Max. auto-correlation for the zone, **Next highest auto-correla-
tion (--ve)

Belt No. Il — Area approximately between 10° & 15° N
over land.

Belt No. 111 — Area approximately between 15° & 20° N
over land.

Belt No. IV — Area approximately between 20° & 25° N
over land.

Belt No. V — Area approximately between 25° & 30° N
over land,
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Fig. 3 (a). Weekly zonal shear anomaly and percentage rainfall anomalies for different zonal belts (1979)

The percentage of rainfall departures in each belt for
different weeks for the five years 1979-83 are shown
in Fig. 2 as a latitude-time section. The data set used
is essentially same as that of Rama Sastry et al. (1986).
The weekly rainfall departures of each belt vis-a-vis
the zonal shear anomaly along 75° E(TRV-BMB),
along 80° E (MDS-NGP) and 90° E (PBL-CAL) are
shown in Figs. 3 (a) & (b). The rainfall departures in
each belt and its auto-correlation with different lags are
shown in Fig. 4.

3. Discussion

The latitude-time cross-section bring out the major
intra-seasonal fluctuations in each of the five years
studied. The zone of maximum positive departure of
rainfall (MZR) in a week is marked M. This zone origi-
nates in the southernmost belt corresponding to the
date of onset of monsoon over Kerala. But its north-
ward movement is often irregular, e.g., the zone of
maximum rainfall in 1983, first appeared in the
period 8 to 15 June over the southernmost belt and
covered the whole country practically reaching the
northernmost belt up to 30° N by 6 July. Similar
rapid progression is also seen during 1981.

Table 1 gives the dates of onset of monsoon over
Kerala and the date when it covered the whole country.

As discussed earlier in 1983 the zone of maximum
rainfall first appeared in the period 8 to 15 June
over the southernmost belt and covered the whole
country practically reaching the northernmost belt up to
30° N ty 6 July. Similar rapid progression is also seen
during 1981.

The MZR moved from the southernmost part to
30°N b 6 July but the second spell which comfnenced
on 20 Juy in belt I was irregular and remained stationary
in the lelt III between 3 and 17 August.

The onset in 1982 over Kerala occurred a couple of
days eadier than the normal date but the MZR moved
to the morthernmost region by last week of July. The
second spell commenced in belt I on 4 August but MZR
remained stationary from 4 to 8 August on belt II.

In 198l, the onset over Kerala was on 30 May and
was complete over the entire country by 10 July. The
next spell of active rainfall over the southernmost belt
appeared from 22 July, ie., there was a continuous
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Fig. 3(b). Weekly zonal shear anomaly and percentage rainfall anomalies for different zonal belts (1983)

suppression of rainfall in its southern belt upto 15°N
between 10 and 22 July.

The onset in 1980 occurred on 1 June and was com-
plete by 25 June for three consecutive weeks from 4 to
18 June the MZR was stationary in belt III and from 25
June to 9 July in belt IV. Interestingly, ther: was no
suppression of rainfall except during week eding 18
June in belt I and 8 July in belt II during this three-
week period.

1979 is, perhaps, the only year in which thesisa near
regular northward progression of MZR fron 13 June
to about 18 July from extreme south to I°N. The
onset of monsoon over Kerala occurred o1 11 June
and the entire country was covered by 15July. A
second northward propagating mode could also be
seen between 18 July and 22 August. It, therefire, shows
that a fresh northernmost moving pulse from iouth does
not necessarily start with a periodic or quai-periodic
regularly.

In the years 1979 and 1982 which were bal monsoon
years the onset and appearing of rainfall magima in its
southern belt was delayed in 1979 only, butthe whole
country was covered by the summer nonsoon by
about second week of July, while in 1982 the onset
over Kerala occurred a couple of days earlir than the

normal date but the zone of maximum rainfall moved
to the northernmost region by the last week of July.
Thus, during the onset phase the near forty-day mode
is found to vary considerably from one year to the other.
The analysis of Sikka and Gadgil (1980) showed that
the northward movement of zone of maximum cloudi-
ness is not gradual but occurs as an abrupt shift after
persisting at the same latitude for a few days. An
analysis of weekly rainfall data shows that the MZR
during the summer monsoon does not show a regular
periodic northward movement. Thus, the period of
occurrence of MZR in a fixed belt never showed a defi-
nite lag with the appearance of the zone in the
southernmost belt.

In order to examine the presence of any periodicity in
the weekly rainfall departures for each of these five
zonal belts auto-correlation coefficients with lags varying
from one to seven weeks were computed, these are
shown in Fig. 4. In belts I to IV the maximum auto-corre-
lation is with one week lag. The magnitude of auto-corre-
lation for one week lag is between 0.09 and 0.4 as
shown in Table 2. This explains a maximum of about
17%, of the variance. The next maxima in the auto-corre-
lation occurs with a lag of five weeks in belt I, and seven
weeks in belts II and III, with six weeks in belt TV and
with foqr weeks in belt V. However, the maximum auto-
correlation coefficient with lag of four to seven weeks




MORPHOLOGY OF INTRA-SEASONAL OSCILLATIONS

Q40 ;
oao; ' : .
020} -.0 20
10~ -010
o} -o
- I ; 4-010

llL_J_L_J_J*_L*JI—l_.J_J_l_&__il—é_L_I_I__HL—i—J.l_l_L__*_-QQQ
87T 4V 2B N H ST | 2.5 4 8 ] 3 45 I 3 45 6
]

LAG IN WEEKS
BELTIT

399

10 40

=030

1

LAG IN WEEKS
BELT I

LAG IN WEEKS
BELT X

Fig. 4. Auto-correlation of rainfall anomaly for different zonal belts
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TABLE 3
Lag correlation between different belts
1 11 (30 v v
1 0 0.63* 0.37 0.03 —0.10
1 0.46** 0.49 0.34 0.16
2 0.14 0.19 0.24 0.24
3 0.01 0.12 0.15 0.16
4 —0.02 —0.01 —0.01 0.05
5 0.11 0,17 0.21 0.12
6 0.28 0.12 0.12 0.07
7 0.23 0.15 0.10 —0.14
I 0 0.60* 0.33 0.14
1 0.42%* 0.41 0.17
2 0.11 0.19 0.04
3 0.01 0.17 0.05
4 —0.03 0.04 0.16
5 0.08 —0.,01 0.05
6 0.07 0.07 —0.03
7 0.23 —0.07 —0.33
0 0.45* 0.11
1 - 0.44%% 0.24
2 0.15 _38;
3 11 .07
4 -1&9 0.06
- -—0.01 0.09
6 0.12 0.01
7 0.09 —0.12
0.44*
-4 : 0.25%
2 —0.01
3 —0.05
4 0.13
5 0.20
6 —0.03
7 —0.16
*Maximum correlation between adjacent belts.

**Next highest lag correlation.

is found to be 0.289 for belt IIT and this could explain
a variance of less than 107/ of the weekly rainfall.
It can be concluded that these periodic oscillation in
the rainfall having a period 30 to 50 days (4-7 weeks—
Rama Sastry et al. 1986 Joc. cit.) have very low auto-cor-
relation and are capable of explainingless than 109 of
the weekly variation in the rainfall.

To examine the northward propagation of this mode
in the weekly rainfall inter-correlation between the five
belts with different lags (0 to 7 weeks) have been worked
out and are shown in Table 3,

In general, it is observed that maximum lag correlation
values decreased towards north and maximum correl-
ation between two adjacent belts occurs with no lag as
far rainfall of a whole week is considered. This can be
interpreted as the north-south movement of the rainfall
belt over a space of five degress or so, is quite regular
and is well marked in the southern belts. The maximum
correlation between two adjacent belts is found between
belts I and IT and minimum between IV and V.

Maximum correlation with one week lag occurs
between belts I and IIL. It explains about 25 % of the
variation of the rainfall in one belt. Maximum
correlation with two weeks lag occurs between belt I
and belt V but it accounts for only about 6% of the
variation of rainfall in the belts. Thus, the importance
of the northward propagating mode decreases as one
moves from belt I to belt IV,

The variation of auto-correlation and the inter-
correlation between two belts clearly shows that only
a very small fraction (a 10%) of the fluctuation in
weekly rainfall could be attributed to the low frequency
mode (30 to 50 days). Furthermore, the maximum auto-
correlation in most of the belts occur with one week
lag. This brings out clearly the importance of synoptic
scale oscillation in the summer monsoon. This study
also confirmsthe earlier findings of Rama Sastry et al.
(1986) that the low frequency mode is masked beyond
15° or 20° N due to the interaction with transient
westward moving disturbances in the lower tropospheric
monsoon weserlies,

4. Analysis of Weekly Mean Zonal Shear Anomaly (WMZSA)

The circulaion during the summer monsoon has
been studied using weekly mean circulation charts.
The mean zoml shear along three different longitudes
(75° E, 80° E, 0° E) have been computed by taking the
zonal shear anamaly; TRV-BMB; MDS-NGP and PBL-
CAL. The mem zonal shear anomaly is worked out by
subtracting the mean zonal component of the wind
(based on long term upper wind normals) from the actual
mean zonal component for that week and then taking
the.difference between pairs of stations as indicated
in Figs. 3(a) and 3(b).
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In 1979, the WMZSA was below normal in all the
three belts up to 12 June. It was largely above normal
from 26 June to 10 July in all the three belts. Spells of
below normal WMZSA generally occurred in one or
two belts at a time. From 14 August till end of September
the WMZSA was below normal in the two belts (MDS-
NGP and PBL-CAL). Spells of active cyclogenesis in
the Bay occurred between 23 & 26 June, 28 June & 1
July, 7& 8 July, 6 & 10 August and 12& 15 August.
WMZSA along PBL-CAL showed strong positive
anomaly during all these epochs.

During 1983, WMZSA was below normal along PBL-
CAL from 14 June to 19 July and from 2 August to 13
September along TRV-BMB. Interestingly, the WMZSA
values were below normal in all the three belts from 23
August to 13 September. Such simultaneous occurr-
ences are rather infrequent. Two spells of cyclogenesis
in the Bay, i.e., from 24 June to 27 June and 19 July
to 21 July occurred when WMZSA along PBL-CAL
showed rising trend although the values were not very
large. Similar features were noted during 1980, '81 and
*82 also, details of which are not included for the sake of
brevity. Monitoring daily and weekly lower tropospheric
zonal shear anomalies appear to hold some promise in
forecasting the events in the Bay.

The oscillations in the WMZSA showed an inverse
relationship with rainfall in belt V (the northern belt
over India, 25-30° N). This was due to the movement of
the low level monsoon trough to the north causing decr-
ease in the zonal shear to the southern belts. On the
other hand, the rainfall in the belt 15°-20° N was found
to vary almost concurrently with the oscillations in the
WMZSA. Itisof interest in this connection to note
the findings of Prasad et al. (1986) regarding the
existence of an inverse relationship between the activity
of the southern hemispheric equatorial trough (SHET)
and the rainfall in the belt 15°-20° N.

5. Conclusions

(i) The low frequency mode in summer monsoon
rainfall (30-50 days) shows considerable variation from
year to year. The northward propagation of the mode
also appears to be irregular. The zone of maximum rain-
fall departure (MZR) also remains stationary along cer-
tain belts which is caused due to spasmodic nature of
the advance of the monsoon.

(i) The zone of maximum rainfall shovs northward
progression with variable speed and the movement is
often abrupt. After the onset phase the gpearance of
the second or third epoch in the cycle is ilso irregular.

(iii) The auto-correlation analysis shovs that the
maximum auto-correl

ation for all the five belts is with

a lag of one week. Auto-correlation with a lag of four
to seven weeks are rather low for almost all the belts.
Thus, major intra-seasonal oscillations in rainfall are
due to synoptic scale disturbances. The low frequency
mode appears capable of explaining ohly 1-1075 of the
observed variance in the rainfall. The variance in rainfall
explained by this mode showed considerable variation
in different belts.

(iv) The circulation in the lower troposphere along the
three meridians (75° E, 80° E and 90° E) in the monsoon
flow also showed the relative dominance of the synoptic
mode over the low frequency mode. Intensification in
the circulation depended more on synoptic disturbances;
than on the position and intensity of low frequency
mode. This is in agreement with the findings of Mura-
kami et al. (1984) using spectral analysis of 850 and
200 hPa flow fields for 1979.

(v) The oscillation in WMZSA showed concurrent
variation in same sense with the rainfall anomaly in
belt ITI and in the opposite sense with belt V.
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