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ABSTRACT. The role of low-frequency oscillations in the nevétrd movement of the Equatorial Trough during pre-
monsoon period over extreme south peninsular lidstudied in relation to the associated enhancewfemeso-scale
convective activities over the region. Main objeetdf the present study is to bring out usefulredshis information in
predicting the onset of summer monsoon over Keraddl, in advance. Thunderstorm data of selectetibataover south
peninsular India for the months March-June andHeryears 1961-92 have been used in this analysisaracteristic peak
in weekly cumulative thunderstorm frequency is seeer these stations about 5-8 weeks prior to tisetoof monsoon
almost every year, suggesting the dominance of088af oscillation in the convection associated Witsse two events. A
regression equation has been developed to prediciiset date. The relationship is found to befgignt at 0.1% level. The
results have been validated using an independéatset of five recent years. A characteristic ifalDLR values over the
region, well in correspondence with the charadterfseak in thunderstorm activity suggests that Gll$® can be used as a
supporting tool in identifying such signal whichuseful for the onset prediction.
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Introduction

model developed using above parameters howevelohad
multiple correlation coefficient. Later Reddy (1977has

Onset of monsoon is a very important event, sihce i proposed the 50 hPa zonal wind component over Sanga
brings first shower of the season. Knowledge of dhset (May) as a predictor for forecasting the monsoosebn
date, well in advance is essential to the planmexmomists  while the regression method developed by Kung dadifs

and especially to the agriculturists to plan tlegerations  (1982) is based on upper air patterns in the |Adistralia
accordingly. Several attempts have been made thcptae region (April) and the SST around India in the preasoon
onset date. In early fiftes Ramdetsal. (1954) have used season. Joseph and Pillai (1988) have attemptedettict

four parameters namely Seychelles rain (April), meest the onset by using the result of 30-40 day cycleninfall.
winds over Agra at 3 km (first half of May), preesu The multiple regression models developed by Thabliy
difference between Cochin and Jaipur (April) andtlso (1993) are based on nine various regional and bloba
Rhodesian rain (April) for onset prediction. Thgression  parameters while Rajeevan and Dube (1995) have used
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mean surface temperatures of the stations Indd&@asand N
Sagar (April) and Eurasian snow-cover (December to 20 T T
February) as the predictors. The present study ettampt
to explore a new parameter useful for predictiothefonset
of monsoon over Kerala, well in advance.

The onset and advance of monsoon as well as its
further progress over the country occurs in sp#llis. well 15— .
known that the monsoon performance is linked wita t
active-break phases within the season. Such phases
found to be related with the intermittent northward
progression of the near equatorial Inter Tropical K
Convergence Zone (ITCZ) and the associated organize g} CHA
convective cloud zones on the time scale of 30-d@sd ALP
(Sikka and Gadgil 1980, Siklehal. 1986). Several attempts . TRY
have been made to study the role of low frequency
oscillations in the northward migration of ITCZ ovihe
Indian region within the monsoon season (Yasun@801 X, | |
Lau and Chan 1986, Paefl al. 1990 etc.). However, very 70° 75° 80" 85°E
little information has been documented about su@nts
during pre-monsoon period. Raman and Raghavan J1961 Fig. 1. Region of study
have indicated a northward progression in the maxim
thunderstorm activity from southern tip of IndiaApril to
northern parts in July. Joseph and Pillai (1988yeha The present study is divided into four sections
discussed the role of 40-day mode in the northwardPeginning with a brief introduction in SectionThe data
propagating near Equatorial Trough and enhancemint and method of analysis are given in Section 2. tiGed
rainfall of the sub-divisions of India lying soutti 13 N discusses the results and validation of the tecieni
during the pre-monsoon period. In the present steljiave developed_ n th? study. The concluding remarks are
attempted a qualitative analysis of pre-monsoon Presented in Section 4.
thunderstorm activity over south peninsular Indidjich
will enable us in identifying these low frequenacitiations 2. Dataand method of analysis
during pre-onset and onset phase of monsoon.

Daily thunderstorm data of four selected statiovaro

Monsoon first strikes the Kerala coast before SOuth  peninsular India viz.  Thiruvananthapuram
advancing into the main land of India. It is theref  (Trivandrum), Cochi (Cochin), Alapuzha (Alleppy) can
important to study the activities over south pemlmsindia ~ Kodaikanal for the months March to June for theyd861
during pre-monsoon months to investigate their iptess {0 1998, (except 1994) from Indian Daily Weathepéte
linkage with the onset event. Over this region, anaual ~ (IDWR) have been used in the study. In additiorthis,
frequency of thunderstorm days exceeds 80, of whiizut thunderstorm data of all the available stationg (#3south
50% occur during the pre-monsoon period (March-May) Peninsular India lying south of 18! from IDWR are used
The contribution of March is very less (about 5sjayn for the same months and for the years 1989 and. 18188
monthly scale, almost three times rise in the #ietivis seen occasions of thunderstorm are considered to find ou
from March through April (Raet al., 1971). The activities ~thunderstorm frequency in terms of day with thusttem
attain maxima over this region during the monthApfil over each station. These are further used to fiady d
and are seen to occur mostly in the afternoon hdif<9 cumulative value over these stations (representing
hours IST) of the day (Raman and Raghavan 1961}hed convective activity over the study area), from vihieeekly
present study, such rise in activities over theteoumost ~ cumulative frequencies are obtained. Daily grid npoi
part of the country on weekly time-scale is uselb¢ate the ~ Outgoing Longwave Radiation (OLR) data at eacltf &5
characteristic peak. Satellite-derived Outgoing dwave 2.5° obtained by NOAA polar orbiting satellite for the
Radiation (OLR) data is used to study large-scale months March-June and for period 1975-86 (exce@819
convection over the region. Knowledge of such paa#t for which the data is not available due to saeef#ilure),
associated enhancement of the convection overetjier ~ are also used. Fig. 1 shows the region of studyded by
with preferred periodicity is found to be usefulprediction the latitudes 75N and 12.5 N and the longitudes 75
of the onset. and 77.8E, which includes the selected statidihe
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Fig.2. Time series of Long-term meani) (weekly running
cumulative thunderstorm frequency over the selestatibns
(solid line) and if) weekly running mean OLR over the
study region (dashed line) during the months MaocBune.
The arrows with dashed and solid lines at the tamis
indicate the date of the characteristic peak aednthrmal
date of onset over Kerala respectively

weekly mean values of OLR and their anomalies e
computed to study the
thunderstorm activity over the stations in respotts¢he
large-scale convection over this region. The defesnset
of monsoon over Kerala used in the present anadysishe

finalized dates declared by the India Meteoroldgica

Department.
3. Reaultsand discussion

Fig. 2 shows if weekly running cumulative
thunderstorm frequencies (solid line) for the feetected
stations from March to June, based on the datahir

linkage of the pre-monsoon
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shows a marked fall in the OLR values by the enllarich.
They further decrease by third week of April belawalue
of 255 Wn¥ during the week in which the first peak in
thunderstorm activity over the stations is noticel.steep
fall in OLR is observed in association with the emnsf
monsoon. Also, on weekly time scale, for each efpibak
in cumulative thunderstorm frequencies over théiosts,
corresponding fall in mean OLR values over the aeds
noticed. This indicates that such increase in igtivay
have the influence of large scale convection dverr¢gion.
This may be occurring in association with the seako
migration of the ITCZ during pre-monsoon season.

The first characteristic maxima in the thunderstor
frequencies in mean picture is observed about &syegor
to the onset of monsoon over Kerala. Correspontirtbis
peak the long-period mean OLR values are obsemachd
255 Wn? on weekly time scale. Here it is worth noting that
Janowiak and Arkin (1991) have established a regnes
relation using 255.15 Wtnas a cut-off threshold OLR on
pentad scale, for estimation of precipitation frénopical
convection. In the present study, for individuadng the fall
in OLR corresponding to the characteristic peakthaf
respective year is found well below 240 Win most of the
cases. Thus two distinct convective episodes haen b
identified, one prior to the onset which is chagdaeed by
enhancement of the thunderstorm activities overdiéon
and the subsequent one in association with thet afse
monsoon. This resembles the low-frequency oscitiatn
the northward propagating near Equatorial Troughingu
pre-monsoon period and associated convective egssod
over the region separated by about 40 days. Thet arfis
monsoon over Kerala normally occurs on 1 Junerderato
make further investigation, it is therefore necessm
observe the pre-monsoon thunderstorm activitidsaat six
weeks prior to the monsoon onset. For declaringtiset of
monsoon over Kerala, meteorologists generally Use t
criteria  suggested by Ananthakrishnat al. (1967)
according to which the rainfall of selected stagiois
monitored from 10 May onwards. In the past centting,
onset has occurred earliest in the year 1918 (1¥) Mdiad
most delayed in the year 1972 (18 June). It is alserved
that except for the years 1961, 1962 and 1990¢niset of
monsoon over Kerala has not taken place prior td/12¢

period 1961-92 andif weekly running mean OLR (dashed during the study period. Owing to this, peaks ia thonth

line) over the study region for the months Marchltme,
based on data for the years 1975 to 1986 (ex@x&)1It
is observed that the thunderstorm activity showgidra
increase from second half of March and attainsst fi
maxima by third week of April with cumulative valuaes
high as 8 for the week. The activity shows sonfidrfahe
second week of May. After 1 June, which is thewaldate
of onset over Kerala, the activity decreases rgpagl the
monsoon starts advancing over the country. Thedigilso

of March for the individual years are ignored tonitor the
right signal associated with the observed low fesmqy
mode antecedent to the monsoon onset.

3.1. Characteristic peak in thunderstorm activity
Beginning from 1 March, daily cumulative

thunderstorm frequencies are computed over the four
stations from which weekly running cumulative fieqcies
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Fig. 3. Time series ofi] weekly cumulative thunderstorm frequency
over 23 stations, lying south of N8 (taken from IDWR) and
(ii) weekly cumulative thunderstorm frequency over 4he
selected stations for the years 1989 and 1998.d&ake of
characteristic peak and the onset of monsoon fcin gear
are marked by same symbol as Figure 2

are evaluated. To identify the characteristic paakveekly
time scale, the cumulative values are monitoreah ftoApril

to 30 April to identify the first week having atalgt 8 total
occurrences over these stations. Such a week sdevad
as the one having characteristic peak and thisn#tion is
used in further analysis. To accomplish this, tlsreuld be
at least one day within that week with two or mstaions
reporting occurrence of thunderstorm. Thus the viresfing
such characteristic peak over these stations igaditative
measure of enhancement in the thunderstorm activigy
the study region. The day with the highest frequeot
occurrences of thunderstorm in that week is idiextifs the
characteristic peak for that year and its datecotiobence is
further used in the regression equation.

3.2. Thunderstorm activity over south India

stations. For this, the weekly running cumulative
thunderstorm frequencies are computed over 23spetiad
stations of south peninsular India (as describediata
section) and encompassing the northern boundartheof
study region. These are further compared with diat the
4 selected stations for the months March-June andhé
years 1989 and 1998. Fig. 3 shows comparison ofvibe
samples. The solid line indicates the cumulatiegudencies
over south India based on the data of the 23 s&timd
dashed line is for the 4 selected stations as orediabove.
The first characteristic rise for the year 198%lserved
about seven weeks prior to the respective onset.pElaks
for the 4 selected stations (dashed line) are wefytallying
with those of the 23 stations over wider regionsoftith
India (solid line). Similar features are seen dyristher
years also. Thus it is evident that the 4 statiamsch are
selected in the present analysis, are sufficienepresent
the activity over the region and such sample dfcsta is
adequate to identify the signal useful for onsedjmtion.
The curve for the year 1998 is peculiar. In thesen¢
analysis this year is used for validation of thehteque
only. During this year the characteristic peak e
attained based on the events of month of April. ther
validation the peak of this year with 7 total oceunces
during a week is used. During this week thundemste
reported over at least two stations for 3 days wkignifies
widespread activity.

The first sharp increase in the activity over ti& 2
stations may be attributed to the large scale feauch as
the movement of the equatorial trough over theoregind
hence there exists a first burst in terms of pr&soon
thunderstorm activities over a large area of tlagian,
which may subsequently be followed by some moré&pa
activity prior to the onset of monsoon. This evisnalmost
similar to the sudden burst of onset of monsoorchwtis
characterized by abrupt change signal resulting sfiarp
increase in the rainfall activity over south Keralzast of
India (Mahajaret al., 1986).

3.3. Pre-onset peak and monsoon onset

The analysis of weekly cumulative thunderstorm
frequencies for the individual years shows thagratt April
the first characteristic rise with greater thancéuwrences is
noticed about 5-8 weeks prior to the onset datemisoon
over Kerala. Such peak in activity is observediestrby 1
April in 1961 and most delayed by 29 April in 198he
corresponding onset dates are observed to be 1&Mhy3
June respectively. Fig. 4 shows§) (weekly cumulative

The present analysis is based on the data of fouthunderstorm frequencies (solid line) ani) (weekly

selected stations of extreme south peninsular .Irigkfore

presenting the actual results, adequacy of the Isaimp

tested to confirm the appropriateness of the sefectf the

running mean (7-day moving average) OLR anomalies
the region (dashed line) for the period March toeJand for
the years 1981 to 1985. These curves are shohénigter-
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Fig. 4. Time series ofi] weekly cumulative thunderstorm frequency overgblected stations (solid line)
and (i) weekly running mean OLR anomalies over the stafyon (dashed line) during the
months March to June during the years 1981 to 18i8&.date of characteristic peak and the onset
of monsoon for each year are marked by same symstiéigure 2

annual variability of the time of occurrence of the tallying with the occurrence of characteristic pek
characteristic peaks and the respective onset diaigsg thunderstorm activity during 1984 and 1985. Durirg1
these years. It is seen from the figure that trenisvof the  and 1982 such decrease is seen to be associated wit
characteristic peak and the monsoon onset dafewand to increase in the activity in the week of charactierijgeak. In
be separated by the observed low frequency modagdur 1982 the negative anomalies are not prominent. nguri
these years. The characteristic peaks in the thsiade 1983 fall in the OLR anomaly is noticed on the déguch
activity very well match with the distinct fall ithe OLR peak but negative values are noticed only withahset of
anomalies. monsoon. In general, a tendency of decreasing diesnis
observed in association with the characteristidkp&aich
Beginning from 1 April, the first sharp decrease in tendency resulted into characteristic fall with nifigant
OLR anomaly with large negative values is notickdoat negative anomalies (as observed in 1984 and 1885)ost
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The comparison of actual and estimated dates of onset deduced from
the date of the characteristic peak (all counted from 1 April) and the
error of estimation

TABLE 1

MAUSANE4, 3 (July 2003)

S. Year Date of the Onset dat Onset date Error of
No. characteristic peak(Actual) (Estimated) estimation
1 1961 1 48 55 -7
2 1962 3 47 56 -9
3 1963 11 61 61 0
4 1964 17 67 64 3
5 1965 1 56 55 1
6 1966 5 62 58 4
7 1967 17 70 64 6
8 1968 18 69 65 4
9 1969 5 56 58 -2
10 1970 1 56 55 1
11 1971 15 57 63 -6
12 1972 13 79 63 16
13 1973 18 65 65 0
14 1974 6 56 58 -2
15 1975 28 61 70 -9
16 1976 15 61 63 -2
17 1977 6 60 58 2
18 1978 8 59 59 0
19 1979 14 72 63 9
20 1980 5 62 58 4
21 1981 13 60 62 -2
22 1982 15 60 63 -3
23 1983 29 74 71 3
24 1984 2 61 56 5
25 1985 8 58 59 -1
26 1986 21 65 66 -1
27 1987 28 63 70 -7
28 1988 6 57 58 -1
29 1989 17 64 64 0
30 1990 5 49 58 -9
31 1991 12 63 61 2
32 1992 18 66 65 1

of the years during the study period. Thus exceptfdw
cases, the characteristic peak in the thundersictivity is
well supported with a marked fall in OLR anomalythwi
prominent negative values.

The present analysis discusses the use of thuadarst
data alone and information about the charactenmak is
noted for all the years under study. The peak Her ytear
1990 is based on 23 stations since the signal frem4
selected stations was very weak. Figures in colulrensd 2
of the Table 1 indicate the date count of the dtarsstic
peak and the monsoon onset date over Kerala resggct
(measured from 1 April). The duration between thiese
dates is found to vary between 33 days in 197%tdays in
1972. Thus the first peak in activity is seen tousowith a
preferred periodicity of about 30-60 days priothe onset
of monsoon. This shows the dominance of low frequen
oscillation in the pre-monsoon convection priothe onset
over the region. Thus, the enhancement of suchitadiis
believed to be in association with the pre-mongmase in
the northward progression of the equatorial troogér the
region.

3.4. Satigtical analysis

To make use of above observation, simple regression
technique is used to estimate the onset date thengate of
the characteristic peak (counted from 1 April). pieg the
date count of the characteristic peak in the weekly
cumulative thunderstorm frequency as an independent
variable ) an equation is deduced to give best fit for
estimation of the onset date (counted from 1 Amniler
Kerala {) as follows.

Y=0.55x X +54.8

The correlation coefficient based on the data pevio
32 years (1961-92), between these two variabliigd as
0.63, which is significant at 0.1% level having RNgor
(RMSE) of 5.2 days. One of the earlier regressimulels
developed for onset prediction by Joseph and Hil888)
had RMSE of 3.9 days based on 25 years of dataeifrbe
of present method is slightly higher but is basedamger
data period. With the aid of the above equati@ndhset
dates over Kerala are estimated using the infoomatf the
characteristic peak and are listed in column 3 albl@ 1.
The values in the column 4 of Table 2 give the reob
estimation (difference of actual and estimated laié
onset) for the period under study. For the years
1962,1972,1975,1979 and 1990, the error of estimat
high, more than a week. During 1972, the onset like
situation was observed twice. There wamsiderable
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TABLE 2

Validation of onset date prediction over Kerala using the
regression technique

S.  Year Date of the Onset date Onsetdate Error of
No. characteristic peak (Actual) (Predicted) estimation
1 1993 11 April 28 May 31 May -3

2 1995 5 April 8 June 28 May 11

3 1996 7 April 3 June 29 May 5

4 1997 9 April 9 June 30 May 10

5 1998 15 April 2 June 2 June 0

difference between the onset date declared ontineal-
basis (as a temporary advance) and the revisedataiat a
month). Therefore, the error of estimation is obséras
high as 16 days for this year. Due to the largenasion

error during some peculiar years like 1972, in @nés
analysis the RMSE is higher. The estimation erar be

reduced by identifying the two convective episodesr the

region critically, by analyzing OLR data for a lopgriod.

3.5. Validation of the technique

The regression relation is validated by applyirtg @&n
independent data of recent five years (1993 to @@ pt
1994). Table 2 shows the date of characteristi&,paztual
and predicted date of onset and the error of estiméor
these years respectively. It is seen from the Tizle the

onset date for the years 1993, 1996 and 1998 alle we

predicted. The peak of 1998 is taken from the wesitk

highest frequency (of 7) since the threshold isalisterved
in April. With availability of OLR data, error instimation
can be reduced. It is expected that the technigueloped
in the present analysis will be very useful for giediction
of onset of monsoon over Kerala well in advance.

4. Concluding remarks

Analysis of weekly cumulative
frequencies over the four stations of south petansiz.
Thiruvananthapuram, Cochi, Alapuzha and Kodaikémal

thunderstorm
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preferred week which coincides very well with the
characteristic peak in thunderstorm activity. Thtise
characteristic rise in the weekly cumulative thustem
activity can be linked with the large scale coniggctin
association with the seasonal migration of the wxjiah
trough over the study region with a preferred ity of
30-60 days prior to the onset of monsoon. The cheriatic
peak in the pre-monsoon convective activity overrdggion

is found to be precursor in forecasting the on$dhdian
summer monsoon over Kerala well in advance.
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