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Monsoon variability in relation to equatorial trough
activity over Indian and West Pacific Oceans
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| ABSTRACT. Variability of Indian monsoon rainfall has been examined in relation to the convective
activity of the equatorial trough over the Indian Ocean and the Pacific Ocean wes! of the International Date Line.
Itis found that thecyclogenesis (tropical cyclones) near th: West Pacific equatorialtrough is closely related to this
variability through a see-saw in convection between this ocean basin and north Indian Ozean, with period in the
range 30-50 days. SST anomalies over north Indian Ozean and West Pacific Ozean can cause variability of the
date of onset of monsoon and also the quantum of monsoon rainfall over India through the 30-50 day mode.

1. Introduction

Monsoon has largz interannual variability (i) in
the quantum of monsoon rainfall over India from
1 June to 30 September and (if) in the date of onset of
monsoon rains. Monsoon has also large intraszasonal
variability. Active-break cycle was known sincz long.
During the last dzcade there have been many studies
on the 30-50 day mods of the monsoon. In this papzr
these variabilities arz examined in relation to the con-
vective activity associated with thz Equatorial Trough
(ET) in the Indian Oczan and in the Pacific Oczan west
of the International Date Line.

2. Monsoon, onset, over Kerala (MOK)

2.1, The climatological date of onsezt of monsoon
over the southernmost State of India, Kerala (MOK),
is close to | June. Over the last 100 yzars monsoon
onset dates have varied from 11 May in 1918 to 18 June
in 1972. Examination of the Sea Surface Tempzraturz
(SST) data has shown that beginning in carly April,
tropical north Indian Ocean and adjoining West Pacific
warms rapidly in the annual cyele and by the end of
May, a large oceanic area [rom about 60" E to 120°E
north of the equator attain temperatures above 30°C,
which becomes the warmest tropical ocean area then.
Large moistwue convergence will then result over this
warmest ocean area, which in turn builds up a huge
heat source in the troposphere over south Asia, making
large changes in the temperature and wind fields.
This scenario fits in to the description of the onset of
monsoon. After this event north Indian Ocean is cooled
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by the strong monsoon westerlies and from June to
September the climatological warmest about 29°C
ocean area is found bztween 110° E and 160° E. Fig. |
gives the SST isotherms over the area during May
as an averags for the pzriod 1961-1970.

v |

by

.2, Fig. 2 taken from Joseph and Pillai (1987)
shows compositz SST (Voluntary Observing Fleet
data) over 5-dzgree latitude-longitudz squares for the
wezk just beforz the week containing MOK during the
period 1961 to 1972, The previous week also shows
high SST over east central Arabian Sza. This is the
place where ‘Onset Vortex’ heralding MOK generally
forms.

2.3. Ananthakrishnan and Soman (1988) have derived
dates of MOK for each year of the period 1901 to 1980
using rainfall data and well defined criteria for the
monsoon onset. For south Kerala they used mean
daily rainfall derived from a network of 44 raingauge
stations. The decade 1901-1910 had a mean date of
MOK of 4 June while for the decade 1951-1960 it
was 24 May. It is interesting to note that the decade
1951-1960 had the highest SST in the ET region of
the north Indian Ocean during the period and the decade
1901-1910, the lowest (Shukla 1987).

2.4, Table 1 shows the decadal mean of MOK (south
Kerala) for the period 1901-1980, using onset dates
as derived by Ananthakiishnan and Soman (loc. cit).
The climatic change in the date of MOK during the
current century as may be seen from the table is very
significant. If a ten-year moving average is taken the
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Fig. 2. COM. SST ( C) cne week before monsoof onset week Fig. 30 A superposed epoch diagram with zero week containing
(1961-1972) monsoon  onset over Kerala during the 25 vears (1960)-
1984} showing mean of & for the period 10 weeks prior to
monsoon onset to 3 weeks after
FABLE | ‘ P, -
carlicst dat: of MOK is 22 May for th2 tzn vzars 1955-
‘ : ORA i . ” A S
Decadal means of dates of monsoon onsel over south Kerala “(H'_ ""“\! over the north [l'ldfdl'l Oczan increased
1901-1980 (dates of MOK as derived by Ananthakrishnan snd stzadily from dzcadz 1901-1910 o dzcadz 1951-1960
Soman 1988 and therzafter decrzased as may bz szen from Shukla .
o . ) . (foc. cit). As may bz szzn from Tablz 1. datzs of MOK
Decaile Decadal mean Decidel meen also had 2 parallel variation except for the d=cade
i f . .
date af m .p!\\).il\l Decade date of \]11\'5\:\4:1 1911-1920. The mean of this dzcadez is low duz to a !
ansat gver s 1 nsel ove it - ; : .
\l\m- o o I \.',‘ o singlz vzar 1918 which had a MOK on 7 Mav. It will .
Kerala i = . - - e -
bz sz2n from Sec. 3 that rainfall over Kerala is affected
1901-1910 i June 1941-1950 27 May by th: 30-50 day modz. From Fig. 2 of Anantha-
1911-1920 29 May 195 1-1960) 24 M krishnan and Soman it is szen that MOK during this
(1 Juas) ysar can bz taken as 14 Junz if the next spall of in-
1921-1930 I June 1961-1770 2% May creaszd rainfall is taken as MOK which will make
1931-1940 3 My 1971-1980) i e this dzcadal mean 1 June.

3. Pre-monsoon rain peak (PMRP)

*There is a very early date of MOK during the decade 191 1- . : . .
1920 of 7 May in (918, If this i+ taken as PMRP then MOK will Le .1 Studying the weekly rainfall index (as defined
on 14 June and the decade mean 1911-1920 will be | June. s ejven in_their paper) which represents spatial mean  rainfall

in brackets ol the four meteorological sub-divisions Arabian Sea
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Fig. 4. Time duration of tropical cyclones over West Pacific
north of the equator with respect to date of MOK taken
as zero for 0 to 45 days for 3 years each of EMR and

DMR
TABLE 2
Data in respect of EMR years
Years of Monsoon Date of mon- Date of pre-
excess mon- rainfall s00n onset  Monsoon rain
soon rainfall of India over Kerala peak
(EMR) (in mm) (MOK) (PMRP)
1970 939 26 May 12 Apr
1973 912 4 Jun 22 Apr
1975 960 3l May 27 Apr
1978 908 28 May 9 Apr
1983 955 13 Jun 1 May
Mean 935
TABLE 3
Data in respect of DMR years
Years of Monsoon Date of mon-  Date of pre-
deficit mon- rainfall soon onset monsoon rain
soon rainfall of India over Kerala peak
(DMR) (in mm) (MOK) (PMRP)
1972 653 18 Jun 7 May
1974 747 26 May 14 Apr
1979 708 Il Jun 5 May
1982 735 1 Jun 18 Apr
1987 688 2 Jun 26 Apr
to
3 May
(Flat peak)
Mean 706

Islands, Kerala, Tamil Nadu and Bay Islands in the
latitude belt 8" N to 13" N, between longitudes 707 E
and 90 E. for the yzars 1960 to 1984, Joszph and Pillai
(1988) found that a pzak in rainfall activity similar to
that at monsoon onszt timz oceurs in thzsz sub-divisions
about six wszzks bzforz the onszt of monsoon over
Kerala in almost all thesz years. Taking the datz of
MOK countad in days from | April as Y and the datz
of Pre-Monsoon Rain Peak (PMRP) counted from the
samz | April as X, it is found that th2 linzar correla-
tion cozfficient bztwezn X and Y is 0.87, which is
statistically highly significant. The lincar regression
equation batwezn X and Y is obtainzd as ¥ — 0.75X
+46.19. Thus. during the period April to June there
are two spzlls of inerzased activity for the ET, of which
the latter is th2 onz associated with MOK.

3.2. Yasunari (1980) and Sikka and Gadgil (1980)
have shown that the mcnsoon season, June to Szptember
is characterised by a northward propagating low frez-
quency mode in cloudiness of period 30-50 days.
Using FGGE MONEX wind data of 850 mb level
Krishnamurti and Subramanyam (1982) found that
the 30-50 day modz existed in 1979 even in May,
prior to thz onszt of monsoon over Kerala. MOK and
the PMRP could, thereforz, be identified as mani-
festations of this mode of the tropical atmosphere.

3.3. Joseph and Pillai (1988) used their weekly
rainfall index (R) series to obtain a mean picture of
the temporal changes in the rainfall over the east-west
belt 8°N-13°N before the MOK. Superposed epoch
method was used. The week containing MOK was
takzn as the zzro wzck, Mean of g for 25 years (1960-
1984) for wezks, 10 to 3 are shown in Fig. 3. The rain-
fall peaks corresponding to MOK and PMRP are clearly
seen. PMRP is on the average 6 waeks prior to MOK.
Rainfall activity in the area covered by the four sub-
divisions, ie., Arabian Sea Islands, Kerala, Tamil
Nadu and Bay Islands is a minimum 3 wezzks pricr
to MOK.

4. Tropical eyclones of West Pacific Ocean

4.1. Tropical West Pacific Ocean generates 26 out
of the 79 tropical cyclones produced by global oceans
in a vear (Gray 1978). About 60 par cent of these occur
during the four months (June-Septembszr) when India
gets its summer monsoon rainfall. Many of these reach
typhoon and super-typhoon intensities. There have
been very few studics regarding the interaction bet-
ween these tropical cyclones and the Indian monsoon.
The tropical cyclone activity in western North
Pacific Ocean was examined in relation to the con-
vective activity of the north Indian Ocean. It is known
that both these areas have a prominent 30-50 day
signal in many parameters of the atmosphere and the
ocean. PMRP and MOK are manifestations of this
mode in rainfall associated with the ET over north
Indian Ocean. Two groups of years were chosen. each
containing 5 years from the period 1970-1987. The first
group has years with Excess Monsoon Rainfall (EMR)
over India and the second group with Deficient Mon-
soon Rainfall (DMR). The average monsoon rainfall
(1 June to 30 September) of India for each year was
used for the purpose. Tables 2 and 3 give required details
regarding these years. EMR vyears have the highest



294 P. V. JOSEPH

|
e e ey M

30 -80 =70 60

*e Tropicol Depressonic Jant), mmmliopical Storm fa-cia1], == Typne

Fig. 5. Time duration of tropical’cyclones over West Pacific Ocean.,
north of the equator with respect to date of MOK taken as
zero for 010 90 days fo 5 vears each of EMR and DMR

rainfall during the 1970-1987 period ard DMR
years th= lowest. Two long term mean (normal) rainfall
of India as derived by them is 853 mm with a standard
deviation ol 83 mm.

4.2. Tropical cyclone data was collected from the
Annual Tropical Cyclone Reports published by the
Joint Typhoon Warning Centre (JTWC). Guam.
Fig. 4 gives the tropical cyclone duration data over
West Pacific (west of the International Date Line

and north of the equator) plotted against number of

days counted from MOK which is taken as the zero
day for each year. Depression. tropical storm and
typhoon stages are marked with different symbols as
shown in the figure. The following broad ‘inlerences
could be drawn from Fig. 4. neglecting the isolated
cases of tropical cyclogenesis (formation of depression.
tropical storm or typhoon) :

(a) In EMR years, cyclogenesis does not occur during
the first four weeks alter MOK. I contrast in
DMR years only the first two weeks are [ree (rom
cyvclogenesis,

(b) In both the EMR and DMR years cyclogenesis
once started continues till the end of 6 weeks.

(c) Typhoon days are many times more in DMR
vear than in EMR years,

4.3. Fig. 5 gives similar data for a period of 90 days
before MOK, which covers the PMRP also. The follow-
ing inferences could be drawn :

(a) Cyclogenesis dozs not occur close to the dates of

MOK.

(b) Coyclogenesis does not also occur around the days
of PMRP.

(¢) The 90-day period studied covers two 30-50 day
cycles. The difference in cyclogsnesis between
DMR and EMR vyears is considerable: ther:
is hardly any cyclogenesis in EMR years

TABLE 4

The monthly mean SST in C at representative points along the
ET zone in north Indian Ocean and West Pacific Ocean

L.ocation Jan  Feb Mar Apr  May Jun
(Jul) (Aug)  (Sep) (Oct) (Nov) (Dec)
Indian Ocean 26.7 26,9 28.2 29.5 30.0 28.9
(10-12°N (28.8) (28.4) (28.5) (28.6) (28.1) (27.4)
R1-84'E)
West  Pacific 28,6 28.6 28,5 28.8 29.0 29.2

(4-6"N, 145-150°E) 29.1) (29.1) (29.3) (29.4) (29.1) (29.0)

5. Mechanism for the 30-30 day mode

5.1. A possible mechanism for the 30-50 day mode
involving the tropical areas of the north Indian Ocean
and the North Pacific Ocean west of the International
Date Line is proposed. The entire area has a flat SST
ficld, equator to 15°N, during March to November,
when 30-30 day mode is active as may be seen from
Table 4. From the cloud pictures given by INSAT-1B
(Indian Geostationary Satellite at 74°E) of the years
[984-1988 showing active convective areas and data
on tropical cyclones over the area. the following picture
emerges. ET becomes active over equatorial Indian
Ocean and the active convective cloud band formed
there slowly moves north towards the Himalayas (Sikka
and Gadgil 1980) leaving the Indian Ocean area cloud
free. At this stage West Pacific ET becomes convectively
active and it also generates depressions. tropical storms,
typhoons and even super-typhoons. After an interval
of 30-50 days the process gets repeated. Enhanced
activity around the equatorial trough can reduce SST
(Joseph and Pillai 1987) and also conditional insta-
bility ol the tropical atmosphere there. During the
mactive periods of ET, SST and conditional insta-
bility ol the atmosphere can increase due to solar
radiation and ET become again active. There could
thus be a see-saw in convective activity between these
two ocean basins. Since. by the end of May, SST is
warmest over north Indian Ocean due to the seasonal
march of the sun and the properties of the upper ocean
layer. active convection sets in over this ocean basin
then, which brings about the monsoon on et over
Kerala with a standard deviation of only 8 days (Anan-
thakrishnan and Soman 1988). This is taken as a phase
locking of the 30-50 day mode phenomenon to the
monsoon  onset over Kerala,

3.2. When the West Pacific ET zone becomes active
the strong Walker and Hadley cells generated can
increase surlace pressure over central India (positive
pressure departures) and increase the strength of the
Australian Surface Pressure High (ASPH). When the
reverse occurs, pressure departures over central India
are negative and ASPH has much lower pressures.
Upper tropospheric circulition also experience consider-
oble changes in response to the changed location
of the convective heat sources, Atmospheric conditions
over India during periods of intense convection in West
Pacific fits in well with the observed char.cteristics
during weak 'break monsoon spells.




MONSOON VARIABILITY IN RELATION TO EQUATORIAL TROUGH 29

TABLE 5§

Some of the elements of the sea-saw in convection between
north Indian and West Pacific Oceans during April to
July 1986

Central pressure of
Australian surface
pressure high

Tropical cyclones of

West Pacific and con-

vection in N. Indian
Ocean

Period

24 Apr-
3 May

(1) Typhoon Ken, Very high

24 Apr-3 May

No West Pacific
cyclones but con-
veclive activity
high over north
Indian Ocean

4-14 Ma
v Near normal

(2) Super typhoon. Very high

15-29 May
Lola 15-23 May

(3) Tropical storm,
Mac. 22-29 May

No West Pacific ey- Near normal
clones but convec-

tive activity high

over north Indian

Ocean

30 May-
19 Jun

(4) Typhoon, Nuancy, Very high

20-25 Jun

(5) Tropicalstorm,
Owen, 26 Jun-
2 Jul

(6) Super-typhoon,
Peggy, 28 Jun-
11 Jul

20 Jun-
17 Jul

5.3, Examination of the results of the study by
Krishnamurti and Subramanyam (1982) is relevant
here. They analysed 850 mb wind field of the FGGE
MONEX period and obtained east-west oriented troughs
and ridges moving south to north at a speed of roughly
0.75° latitude per day, with a meridional wave length
of about 30 degrees of latitude and period in the range
30-50 days. Itisimportant to note following : (i) alter-
nate passage of troughs and ridges is shown to produce
pressure fluctuations of the order of 2 to 3 millibars
over central India, (i) on careful examination of their
trough-ridge diagrams of 1979 (May to September),
it is seen that the troughs have a length scale less than
60 degrees of longitude, which means that at a time,
the area of active convection has east-west extent
limited to 60 degrees of longitude. Both these fit well
with the proposed model for 30-50 day mode over
Indian and West Pacific Oceans.

5.4. Further support is obtained from the analysis
of data in respect of 1986, a year when monsoon rainfall
was deficient. The year thus belongs to the DMR
years. Data in respect of the tropical cyclones of® April
to July 1986 is given in Table 5. It is seen that there

W

are 3 periods of active cyclogenesis over the West
Pacific Ocean Basin : 24 April to 3 May, 15 May to
29 May and 20 Junc to 17 July. INSAT-IB pictures
were examined to find out the periods of intense convec-
tion in north Indian Ocean. It is found that they fit
into the time slots in between the cyclone spells.

5.5. Table 5 shows some of the compon:nts of the
see-saw in convection between north Indian Ocean and
West Pacific Ocean. Time flows from up the diagram
downwards. During the period 24 April to 3 May of
cyclogenesis in West Pacificc ASPH had  central
pressures as high as 1036 mb. Again during the similar
periods of cyclogenesis of 15 May to 29 May and 20
June to 17 July, ASPH had central pressures as high
as 1034 mb and 1030 mb respectively. During these
two periods, pressures over central India were above
normal by 4 to 6 millibars. In the periods in between,
central pressures of ASPH were much lower and central
India had bz'ow norm:l pressures.

5.6. Cloud bands over Indian Ocean during May
and June 1986 had systematic northward movement
but they hardly showed any eastward displacement.
ET cloud bands over West Pacific were found to form
in situ and then generate tropical cyclones. INSAT
pictures also showed that ET cloudbands of north
Indian Ocean did not extend into the West Pacific Ocean
and vice-versa. 1t appears that the ET cloudband has
a preferred length scale of 40 to 60 degrees of longitude.

6. Discussion of resulis

(a) MOK by the end of May is due to the rapid
seasonal warming of north Indian Ocean resulting in the
area becoming the warmest ocean area which invites
large scale moisture convergence that builds up a
huge heat source in the atmosphere there. A corollary of
this is that SST anomalies over Indian and Pacific Oceans
are related to the variability of the dates of onset
of monsoon.

(b) Convective activity over north Indian Ocean
and cyclogenesis over West Pacific Ocean north of the
equator are componets of the 30-50 day cycle observed
over these areas. When Indian Ocean is convectively
active, West Pacific Ocean is less active and vice-versa.
This see-saw in convection between the two ocean
basins may be a manifestation of large scale air-sea
interaction. The sub-tropical high over Australia also
takes part in this oscillation. South Indian Ocean data
from Voluntary Observing Fleet has to be examined
to see whether Mascarene high is taking part in
this oscillation.

(c) There is possibility of medium range forecasting
of West Pacific cyclogenesis asit is related to convection
over the north Indian Ocean through the 30-50
day oscillation.

(d) West Pacific cyclogenesis during the pre-monsoon
months may be useful as a predictor for the long range
forecasting of Indian summer monsoon rainfall. How-
ever, this has to be studied using data of many more years_

(e) Since the convective heat source generated in West
Pacific Ocean during periods of cyclogenesis affects
the tropospheric circulation features over both West
Pacific and north Indian Oceans, some of the pre-
dictors using circulation  features suggested for
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long range forecasting of monsoon rainfall of In-
dia may be related to the said cvclogenesis. 1t is neces-
sary 1o conduct sensitivity tests using GCMs 1o know
whether such circulation changes can be caused by a deep
heat source in the tropical regions of West Pacific, north
of the equatyr. The study by Keshavamurthy (1982)
is one such study which deals with SST anomaly over
central Pacific.

(f) Raman (1955) associates -break monsoon’ spells
with typhoons in the West Pacific moving to the north
of latitude 30° N. This northward motion can easily be
explained. When West Pacific becomes convectively
active, the intense atmospheric heating creates an
anticyclone in the upper troposphere which steers the
tropical cyclones of West Pacific northwards. It is well
known that during break monsoon the Tibetan anti-
cyclone shifts considerably southeastwards.

(2) From the proposed mechanism for the 30-30
day mode, it can be inferred that in the ocean basin
having higher sea surface tamperature, ET will be active
for the longer period in each 30-50 day cvcle. Thus
a warm SST anomaly in north Indian Oce'n or cold
SST anomaly in West Pacific Ocean is favour:ble
for good (excess) monsoon rainfall over Indi . Joseph
and Pillai (1986) find that a deficient monsoon (in
rainfall) warms the tropical Indian Ocean and this
warm SST anomaly changes the monthly mean atmos-
spheric circulation over Indiz ‘0 the type found in good
monsoon years. Thus interannual variability of the
Indian monsoon rainfall is closely related to itsintra-
seasonal (30-30 day mode) variability. Such a possi-
bility has been suggested by Gadgil (198%). 1t is impor-
tant in this connection to note that lere break monsoon
spells are one of the characterist’c features of  Ceficient
monsoon years,
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