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ABSTRACT. The paper deals with spatial and temporal variations of different frequency modes of the

southwest monsoon rainfall over
years for the period 1978-1983
analysis to investigate

The results reveal the presence of 30-60 day periodicities as

2 Iilzdga. l{)da_ily gotrclga]tra.infal‘lhda!ah(lmll;m‘iﬁl and that of the individual
or well distributed stations throughout the country are subjected to h ic
the contributions of different frequency modes. i PR R

a predominant mode over central Peninsula in

the long term normal as well as individual years. The variance explained by the 10-20 days oscillati
that of 30-60 days over central India during the good monsoon years. d Moty eeed

in good monsoon years the fundamental mode is predominant north of about 25° N while during the bad
monsoon years it extends to more southern latitudes.

1. Introduction g ]

Oscillation in the northern hemispheric summer
monsoon is a well established fact. These fluctuations
can broadly be divided into two frequency mode (i)
quasi-biweekly oscillations of 10-20 days time-span
corresponding to active-break cycle and (i) 30-60 days
cycle which is recognised as a dominant component of
monsoon circulation system. Most of these studies on
intra-seasonal monsoon variability were investigated on
wind field (Yasunari 1976, Krishnamurti and Bhalme
1976, Mehta and Ahlquist 1985 etc). Fluctuations in
cloudiness have also been examined by many research
workers (Yasunari 1979, 1980 Sikka and Gadgil 1980,
Murakami 1984, Chowdhury et al. 1988 etc). A few
studies (e.g., Ananthakrishnan and Keshavamurty
1970, Murakami 1972, Krishnamurti and Ardanuy 1980,
Ramasastry et al. 1986) have sought periodicities in
pressure and rainfall.

The present diagnostic study examines dominant modes
of fluctuations in rainfall, its time-space variation and
propagation over India during the summer monsoon as
rainfall field is an important indicator of the fluctuations
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of monsoon circulation. The study also presents obser-
vational results on the seasonal and inter-annual varia-
bility in the meridional direction of low frequency
modes in rainfall. We have concentrated on oscillations
of time scales longer than 10 days which cover the
period of active-break on one extremity and the large
scale circulation features (including planetary scale waves)
on the other.

2. Data analysed

Daily normal rainfall data of about 220 well distri-
buted stations are collected from the records of India
Met. Dep., Pune. Stations in Jammu & Kashmir which
receive maximum rainfall by eastward moving westerly
systems during winter have not been included in the
study. Similarly, northest India with least variability in
mon§oonal rainfall has been ignored. The normal rain-
fall, in general, is based on data of 50 years or more. The
India Met. Dep. considers | June to 30 September as the
monsoon season and as such, data for this period only
have been used in the study. Study of normal rainfall
has been taken to investigate whether any low frequency
mode actually exists in any part of the country in the
normal pattern itself. The structure of the monsoon
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surges and the characteristics of the circulation system,
should as a rule, significantly differ in years of normal/
above normal monsoon rainfall and the deficient or
sub-normal rains. The variability and persistence of the
oscillation from year to year, however, is still unknown.
A pair of years, was selected to analyse the oscillations
and bring out intrinsic characteristics. One pair covers the
years of monsoon failures (1979 and 1982) and the other,
the years of good rainfall (1978 and 1983). In addition,
in two years, i.e., 1980 and 1981 the rainfall could be
termed as nearly normal and these have also been
considered as a separate pair. The area weighted rainfall
for all these years are given in Table 1 alongwith depar-
ture from normal rainfall for the country.

3. Method adopted

Numerous methods existin scientific literature to det-
ermine periodicityina time-series. In the present study
the data have been subjected to harmonic analysis to in-
vestigate presence of pronounced frequency modes. The
amplitudes of the modes have been statistically tested
at 5% level of significance. To eliminate small scale
fluctuations from the data of individual years as well as
the normal daily rainfall data, time-smoothening (of
7 days running mean) is applied before the data are
subjected to harmonic analysis.

4. Results and discussion
4.1. Spatial correlation of rainfall

Before describing temporal oscillations of rainfall,
space correlation in normal rainfall has been discussed.
For this purpose a station Banda (25.5°N, 80.4°E) which
lies in the normal path of the monsoon axis was chosen
as a reference point. Daily normal values of rainfall for
Banda are then correlated with over 210 stations. The
result is shown in Fig. 1. A band of significantly high
correlation, exceeding 0.8 extends southeastwards from
northwest India to Bihar. This broad zone practically
lies around the mean monsoon trough axis. North of the
line from Surat to Masulipatnam, the correlations are
quite large, i.e., greater than 0.4, In contrast, over
western Peninsular India, correlations are, if positive
only small but over Madhya Maharashtra, Marath-
wada, Karnataka and Kerala they are negative.

It is well known that monsoon rainfall increases over
Gangetic plains and central India during active monsoon
conditions. But during the break monsoon situations,
over major parts of India, a significant decrease in
rainfall activities is observed. The rainfall deficiency
according to Rao (1976), over west coast, Madhya
Maharashtra and coastal Karnataka, is however much
less (about 15%, or less). Thus, these areas continue to
experience rather active monsoon conditions as com-
pared to north or central India. These regions almost
coincide with the region of negative or low values of
positive correlation coefficients. As such it may not be
out of context to conclude that the negative-positive
correlation pattern can be atiributed to the “‘active-
break” conditions in the Indian summer monsoon.

A part of this wide negative correlation zone also
contains a small area (over Madhya Maharashtra,
Marathwada and adjoiaring area) where, as we shall

Fig. 1. Correlation field of daily normal raiafall with respect
to Banda

TABLE 1

Area weighted mean monsoon rainfall over India

Year Mean rainfall Departure from
(mm) normal (%)

6.4

—12.5
3.3

—1.3
—14.6
—13.1

observe later, the seasonal scale cycle is not very conspi-
cuous but where the significant contribution happens to
be related to 30-60 day mode.

4.2 Quasi-periodic fluctuations
4.2.1. Normal rainfall field

(2) Predominant periodicities — In the normal rainfall
pattern, the seasonal cycle (of 120 days) appear to bethe
most pronounced mode over India. This seasonal mode
by no means is monotonous and is often interrupted by
higher frequency modulations. Thus, over interior
Peninsula, 30-60 day mode is seen to be predominant.
Small patches over SW Rajasthan and Andhra coast
also exhibit significant modes in 30-60 day time-scale
(Fig. 2a).
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Fig. 2(a). Predominant modes in normal rainfall

Analysis of the variance explained by most prominent
mode revealed that areas where the first harmonic predo-
minates, the variance explained exceed 60%, except
extreme northwest India, where it is less than 60%. The
total variance explained by 30-60 day mode is shownin
Fig. 2 (b). In Marathwada, Telangana and north interior
Karnataka 30, 40 or 60-day is the most prominent mode.
In these areas total variance explained by 30-60 day
oscillations is as large as 60-809, suggesting that mon-
soon rainfall in these areas is controlled mostly by plane-
tary scale, Hadley and Walker circulations. The quasi-
biweekly cycle (of 10-20 days) is in the normal rainfall
analysis, not found to be an important mode over any
part of the country and is, as such, not expzcted to con-
tribute much to the variance. However, over very large
parts in central India, extreme south, northwestern
fringe and parts of Bihar and Bengal, the variance
contributed by modes within this time frame remains sub-
staintially large (i.e., greater than 10%,). The fairly large
variance of the 10-20 days period may perhaps be attii-
buted to the small scale disturbances associated with
“active-break”” monsoon conditions. Krishnamurti and
Bhalme (1976) also observed 10-15 day periodicity in
monsoon rainfall, which they attributed to fluctuations
in clouds.

(b) Latitudinal area weighted rainfall — The discussion
in the foregoing sections was based on the rainfall data
of individual station. It was thought worthwhile to
find out, if any, changes in thes pattern of modes when
the rainfall is averaged for latitudinal strips and weighted
according to the area of the strip. For this purpose,
only normal daily rainfall was considered and India was
divided into 6 latitudinal zones, viz., 8°-12°N, 12°-16°N,
............. , 28°-32° N. The variance explained by

Fig. 2(b). Variance explained by 30-60 day modes
for normal rainfall

different harmonics is shown in Table 2. It may be seen
that along all latitudinal belt the seasonal component
(120-day period) remains predominant. This is more so
in latitudes north of 20°N where nearly four-fifth to
nine-tenth of total variance is explained by the 120-day
mode. However, in the lower latitudes significant contri-
bution also comes from modes of higher frequencies.
This suggests that synoptic and physical processes which
govern rainfall over India north of 20°N are different
from those in south India. It may bs worth mentioning
that in the region between 16° & 20°N nearly 407, of
the variance is accounted for by lower period oscilla-
tions. This region corresponds to the cyclogenesis area
of monsoon lows and depressions over Bay of Bengal
and adjoining land mass.

4.2.2. Fluctuations during drought year

Examinatin of normal characteristics in the context of
oscillations in monsoon rainfall may not bz very useful,
since hardly any year can bz strictly termed to follow
normal pattern. Moreover, the nature of the predom-
nant modes are expected to vary in a wide spectrum
in years of sustained or suppressed monsoon activities.

In recent years, 1979 and 1982 are well known years of
monsoon failure over India. It was, therefore, thought
worthwhile to examine the rainfall oscillations in
different period ranges with particular reference to the
norma!. When the monsoon rains fail in India, the
seasonal cycle is mostly observed as the prominent mode
in north India, north of about 22°N as well as Kar-
nataka-Kerala coast and parts of Tamilnadu. The longer
periodicity may, perhaps, be attributed to long-lasting
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TABLE 2

Variance explained Ly various harmonics (latitudinalwise) for
normal rainfall

Variance explained by

Lat. belt harmonics period (day)

PR SIS
(*N) Ist 2nd 3rd 4th 5th 6th

(120) (A0) (40) (30) (24) (20)

8°-12° 53 0 23 1 4 6

(14 stns)

12°-16° 69 10 3 7 2 3

(19 stns)

16°-20° 54 17 9 11 0 2

(33 stns)

20°-24° 79 13 4 | 0 1

(60 stns)

24°.28° 86 10 | 1 0 0

(59 stns)

28°-32 9 6 1 0 0 0

(25 stns)

breaks so common in drought years. On the contrary
in the Peninsular India, and northwestern fringe, it is
the 30-60 day cycle which is conspicuous (Fig. 3a).
It is, however, surprising that the prominent mode
whether seasonal or sub-seasonal, individually hardly
explain more than 40%, of the variance. The seasonal
mode itself explains 30-409 variance, though in some
parts, e.g., central Madhya Pradesh it is between 50 &
60%. But in contrast the total variance explained by 30-60
day cycle is, in general, greater than 309 and in some
smaller cells it contributes to over 609 variance (Fig.
3 b). In drought years the contribution of 10-20 day
mode also is found significant (between 20 & 30%)
though over northwest and parts of Peninsular India,
it exceeds even 30 /.

The above characteristics in the predominant modes
and the variance have been observed, by and large,
during both the drought years with very slight alterations.

Synoptically, drought situation over India is due to
frequent and/or prolonged ‘break’ conditions during
the monsoon. Yasunari (1981) postulated that low
frequency cycles are mainly associated with fluc-
tuations of the Hadley cell. According to him, during
the active-monsoon condition the ascending limb of the
Hadley cell is around 10°-20° N while the descent occurs
over the sub-tropical high region. During the break-
monsoon conditions, the upward motion takes place at
more southern latitude and the subsidence occurs
over the central and north India. Thus, it is evident that
during the drought year, in the Peninsular Indian region,
the Hadley cell is more localised, which in turn gives rise
to the confinement of 30-60 day oscillation in the Penin-
sular India.

Similarly the southward extension of the seasonal
mode, as compared to normal in the drought years,
may beviewed as follows :

Break periods are generally characterised by equator-
ward extension of large amplitude troughs from higher
latitudes which sometimes are due to enlargement of

circumpolar vortex as has been shown by Ramaswamy
(1971), Rao (1976) etc. The trough/expanded vortex,
displaces the subtropical anticyclone southwards (Chow-
dhury and Ganesan 1981), suppressing the monsoon
activity over central and north India. The prevalence of
seasonal mode over these areas in drought years can
thus be associated with the planetary scale movements
of westerly waves.

4.2.3. Years of good monsoon

Analysis of the data shows that distinct, systematic and
significant changes occur in the oscillations during years
of good monsoon. In such years the seasonal mode is
mostly confined to northern latitudes and the meri-
dional Hadley circulation bscomes more enhanced.
For example in 1978, the 120-day cycle is seen north
of 27°N, over the west coast and some areas of Orissa
and adjoining Madhya Pradesh as the major mode.
Over the rest of the country, modes of higher frequencies
are the prominent modes. In fact, itis mostly 30-40 day
oscillations that prevail over the country (Fig. 4 a).
From an analysis of satellite cloudiness over India
and neighbourhood, Yasunari (1980), observed that
except in drought year, periodicities of 30 or 40 days
exist as a predominant mode. It is also clear that strength
of the convection and the physical process which induces
rainfall may be different over north India and the Penin-
sula. Webster (1985) postulated that convective outflow
drives this oscillation leading to strengthening of sub-
tropical jet. Yasunari (1981) concludes that cumulus
convection is gradually enhanced from the south to
north with the northward shift of maximum cloudiness.

~ Variance explained by the seasonal cycle too remains
insignificant. The modes in the time-span of 30-60 days
explain 60-70%, over some areas (Fig. 4 b). But contri:
bution of quasi-biweekly oscillation (i.e., 10-20 days)
is quite large and except certain areas like northwest
Madhya Pradesh, Konkan-Karnataka coast etc, it
even overshadows that of 30-60 days’ cycles. '

In recent years, 1983 was one of the best years of
monsoon activity. Analysis of the rainfall data of this
year reveals that the shorter time interval cycle than
120-day cycle extends right up to 30°N over most parts
(Fig. 5a). The west coast also have lower period cycle
The changes observed in the variance pattern and the
prevalence of 30-60 day mode over the seasonal cycle
perhaps, results from the poleward transport of angular’
momentum whose production in tropics vary consider-
ably. The seasonal mode is observed over northwest
India and _Gu;arat. However, over a small area in
central India seasonal cycle persists as in case of 1978,

Contribution of the seasonal mode is b 0z
307;. Relatively large variance of lower ?gfsg 200,5“,:;1?5
lations over the seasonal component occurs over wide
areas. The total contribution by 30 to 60-day oscillations
exceed 409, and in Madhya Maharashtra and adjoinin
Ma.rathwac!a, it accounts for more than 509 of thg
variance (Fig. 5b). Asin 1978, the 10-20 days c;cles also
contr{butf: substantially, i.e., 20% to 30%. In fact the
contribution cof these cycles over northu;)est India far
exceeds that of the seasonal mode.
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4.2.4. Year of nearly normal rainfall

Rainfall over India duting 1980 and 1981 may be
termed as neailv normal. Equatorward extension, though
small, of areas with fundamental mede of 120-day
compared to the years of good monsoon is unmistakable
in both the vears. This mode also appears over some
interior parts of the Peninsula. But as in years of good
monsoon over there.t of the courtry. modes mostly of
time scale 30-60 days remain the predominant mode.

The 120-day mode is prominent over NW India and
the Kerala coast. Over the rest of the country, modes
of higher fiequencies predominate. Over many areas
in fact cycles of 40-day or less are prominent, variance
explained by seasonal mods is about 30-40%. Contri-
bution of 30-60 day mode. howevir isvery large (except
in areas where 120-day is fundamental mode and over

central India).

Mostly these cycles exnlain greater than 30 %] vatiance.
Over west coast, north Maharashtra and interior Karna-
taka-Tamilnadu area it even exceeds 507, The 10-20
day oscillations also explain fzirly large vaiiance,
particularly over Peninsula. The 10-20 day modes,
in northwest India explain variance more than that
explained by 120-day cycle. In remainirg parts, its contri-
bution is slightly less than that ¢f 30-60 day oscillations
But over eastern India, variance explained by the 10-20
day mode exceeds that by 30-60 day cycles.

Fig. 5(b). Variancz explainzd by 30-60 day modes during

1983 monsoon

4.2.5. Quasi-biweekly  fluctuations in  the rainfall
field

In previous sections, characteristics of temporal
fluctuations of rainfall were discussed and the dominant
periodicities in daily monsoon rainfa!l estimated. Be-
cause the 10-20 day cycle is found to be rather intense,
relatively regular, and occurs over large areas, parti-
cularly during the good monsoon years, a separate
section is devoted to discussion on this quasi-biweekly
osciilations.

According to Yasunari (1981), quasi-biweekly modes
are relatively large and are related to the frequency of
some weather phencmenon over and around the mon-
soon trough zone, like monsoon depressions. From the
phase-lag relationship at 850 mb wind, he concluded
that the horizontal scale of these modes ( ~ 10,060 km)
is far larger than that of monsoon depression. Other
studies (Krishnamurti ef al. 1977 ; Krishnamurti and
Ardanuy 1980) presented evidence thut this mode is
attributed to the westward propagating waves with
scale of 8~-10,000 km.

Though this mode is observed in the analysis of normal
rainfall 2s well as in years of sub-normal rainfall, periodi-
cities of ~2 weeks dominantly appear over larger areas
in years of normal or above normal monsoon rainfall.
Taking variance explained as an indicator, the difference
intotal variance explained by 10-20day and 30-60 day
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Fig. 6(a). Predominance of 10-20 day modes over 30-60
day modes in 1982

mode for 1982 and 1983 is depicted in Figs. 6 (a) and € (b).
It is seen that north of 20° N, quasi-biweekly mode domi-
nates over the 30-60 day mede in years of good monsoon,
whereas in a drought year this dominance is suppressed
and can be observed at only isolated cells in north India.
In south India, however, in both categories of rainfall,
30-60 day cycle generally is stronger than the quasi-
biweekly cycle.

The 10-20 day cycle can, perhaps, be related to varia-
tion in relation between sub-synoptic scale circulation
and large scale or synoptic scale system. Presence of
quasi-biweekly oscillation in drought years over coasal
Tamilnadu suggests that pulses of these time-scale do
not occur with sufficient frequency over large partsor
are located over the southern latitudes only (Koteswaram
1950). Though Murakami (1976) thought that this mode
is of very large scale, covering Bay of Bengal, Indiin
sub-continent, Indo-China and Tibetan Plateau, tle
present analysis reveals that except in good monsom
years the oscillations in 10-20 day period cover fairk
large areas over India while in other years, the ara
covered is rather limited and it is so even in normd
rainfall. Thus, the quasi-biweekly component is not 1
distinctly dominant or significant cycle.

The mechanism of 10-20 day oscillations, accordin
to Webster (1983) is the location of convectively unstabl
region associated with changes in the ground moistut
due to precipitation.

4.2.6. Propogation of modes

Analysis of phase angle enables to find rate of propa
gation of different modes. Concentrating again on 200t
and bad monsoon years and the 30-40 day oscillations
phase angles are calculated for 1982 and 1983. The
phase angles are converted into time period (days,
through standard method. In a drought vear high values

Fig. 6(b). Predominance of 10-20 day modes over 30 60
day modes in 1983

are seen in Peninsula approximately over the areas where
in the normal rainfall analysis 30-60 day mode prevails
Over the rest of the country dates are 20 June or earlier.
Mecye or less, a similar pattern persists in a good mon-.
soon year, i.c., 1983 except that the phases are earlier
in most parts of India.

From a composite anzalysis of pressure data of 40
years Krishnamurti and Ardanuy (1980) found a domi-
nant westward propagating mode in the 10 to 20-day
time period during ‘breaks’. Weickmannet al. (1985)
found thlzgt the 30-60 daiy life cycle includes an eastward
propagating equatoria convection anomal 3
60°E and 160°E. Choosing about 22°N lgtitzgriig
movement of 10 and 20-day osciilations are separately
determined for a good monsoon vear, ie., 1978 and
a drought year, i.e., 1982. The data are duly smoothened
by forming overlapping means of 2 successive values
and then overlapping means of 2 of these modified values.
ThIS. meth‘od is suitable for smoothing the noise in tl{‘:
cyc!lc series, which are generally present in a shor;
period of observations (Brooks and Carruthers 1953)
The results are shown in Figs. 7 (a) & (b). Ina year of
deficient summer rainfall over India, nearly steady east
to west propagation of phase by 10 and 20-day modé
appears to exist, though some retrogation is seen
towards extreme west. In a good monsoon year inhthe
RO-gayrttlhrne-framc. zome indication, though weak. is
seen of the eastward propagati i .
minent in the 10-day pwaEe.g 'on. but is not very pro-

5. Conclusion

Analysis of daily rainfall fluctuation i
\ _ s over
during the northern hemispheric summer reveals thI:td 3

(/) Rainfall, in general, consists of many si
\ : ; _ y simultaneo-
usly pulsa'gmg cells of different periods ins?:z?d
of one main cell. These periods can be divided
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into 3 broad modes, viz., seasonal 30-60 days
and 10-20 days.

(ii) A quasi-stationary periodicity of 120 days exists
as a dominant mode over northern Indian
latitudes and some pockets in central India
irrespective of the rainfall activity over the
country.

(iii) In drough tyears the seasonal mode extends to
even lower latitudes and is caused by periodic
outbreak of upper tropospheric westerly sys-
tems.

(iv) The influence of low frequency oscillation on
summer monsoon rainfall over India, whether
suppressed or enhanced, is undoubtedly, unmis-
takable and cannot be ignored. The 30-60
day cycles can be linked to the fluctuation in
the location of Hadley circulation and its
persistence over central Peninsula in all vears.

(v) 30-60 day oscillations penetrate to north India
during active monsoon.

(vi) Perturbations of quasi-biweekly period have
distinct role in contributing to summer mon-
soon rainfall over India.

(vii) On the basis of the predominant modes, Indm
can be divided broadly into two zones, viz.,
northern India, north of about 20°N and the
Peninsula, each having different mechanism for
rainfall occurrences.
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