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ABSTRACT. The onset and withdrawal dates of northeast monsmeer coastal Tamil Nadu have been
objectively determined for the ten year period 12900. The statistics of onset and withdrawal siébe the 100 year
20" century period 1901-2000 have been presented isndssed. It has been shown by employing technigues as
harmonic/spectral analysis and cross lag correlaticer 100 year rainfall data, that the daily falinof coastal Tamil
Nadu during September-February displays a promi#@sdays periodicity and that rainfall anomaliesve from south
to north taking nearly 2 days to traverse betwemmiian and Chennai separated latitudinally by ned@@/km. In 70%
of the years the onset and withdrawal process heast monsoon gets excited by the 40-day peitgdic

Key words — Northeast monsoon, Coastal Tamil Nadu, OMWé@hdrawal, Duration, 40-day periodicity, Cross
lag correlation, Spectral analysis.

1. Introduction 1990 in two earlier studies Raj (1992 & 1998) to be
referred hereinafter as ‘I’ and ‘II'. In the presestudy the
The Indian northeast monsoon is a monsoon ofdetermination of onset and withdrawal dates has bee
smaller scale experienced over the southern pattsd@a carried over to the decade 1991-2000 also resuittirige
during October-December, subsequent to the rewéat availability of such dates for the 100 year peri@D1-
southwest monsoon from India. As such it used talbe 2000. The statistical parameters for both thesege are
called 'Retreating southwest monsoon' over thensetar derived and presented in the study. In additibe,ibtra-
India. The meteorological subdivisions of Tamil Mad seasonal variation of rainfall of coastal Tamil Nadhe
Kerala, Coastal Andhra Pradesh and Rayalaseentaeare presence of 40-day periodicity and the south tothnor
major beneficiaries of this monsoon. However tagous movement of rainfall anomalies, based on the 191102
features of northeast monsoon are clearly definathlyn (100 years) data have also been studied.
over coastal Tamil Nadu (CTN) which receives
75-100 cm of normal rainfall during the season 2. Determination of onset and withdrawal dates,

constituting nearly 60% of the annual total. India methodology, data and results
Meteorological Department (IMD) (1973) provides a
detailed description of this monsoon. 2.1. Methodology

The dates of onset and withdrawal of northeast The lower level winds over north coastal Tamil
monsoon over CTN were determined and several otheNadu reverse from south westerlies to north easseby
associated features studied for the 90 year perfifil- mid-October. The date of commencement ofigpters

(605)
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TABLE 1
Onset and withdrawal dates and duration of northeast monsoon
over coastal Tamil Nadu (1991-2000)
Year A B C D (days)
1991 150ct 190ct 23 Dec 65
1992 230ct 02Nov 09 Dec 37
1993 120ct 130Oct 01Jan 80
1994 17 Oct 18 0Oct 24 Dec 67
1995 220ct 230ct 13Dec 51
1996 090Oct 100ct 19 Dec 70
1997 050ct 130ct 23Dec 71
1998 220ct 280ct 04 Jan 68
1999 010Oct 040ct 12Jan 100
75 ,80'E 2000 01Nov 05Nov 02 Jan 52

Mean 16 Oct 200ct 25 Dec 66
1991-2000

Fig. 1. Spatial distribution of the stations considerethe study A: Onset of easterlies, B : Onset, C : withdzand

D: Duration
rainfall over CTN subsequent to this event is ta&erthe TABLE 2

onset date. The date of withdrawal is determingdab - .

. . . . . Statistical parameter s of onset and withdrawal dates of northeast
critical analyss of daily rainfall (DRF) of sixadtons of monsoon over coastal Tamil Nadu based on 100 year data 1901-2000
CTN (Fig. 1). The date of withdrawal marks the
cessation of persistent rainfall activity over Cihitk is not Normal S.D (Days) Range
generally associated with any conspicuous changlean

circulation features. Further details could benfibun A 14 Oct 7.5 23 Sep - 1 Nov
| &II. B 20 Oct 7.6 04 Oct - 11 Nov
22 Dat d det inati f dat for 1991-2000 C 27 Dec 13.4 26 Nov - 28 Jan
.2. Data and determination of dates for - b 67 days 149 26 - 102 days

The firm date of onset of easterlies over norttNCT A, B,C,D-Asin Table 1; SD : Standard Deidat

was determined from the surface pressure chanerugr
charts of lower levels, taking also into considierat the
withdrawal dates of southwest monsoon from theteat  derived in | and Il give rise to a complete and
peninsula, as declared by IMD. The DRF data of six comprehensive data set of onset and withdrawakdafte
stations located over CTN (Fig.1) for the perio&dp — northeast monsoon over CTN for the 100 yeal' 20
28 Feb, 1991-92 to 2000-01 was analysed and teeton century period 1901-2000. The normals and other
and withdrawal dates of northeast monsoon over CTNstatistics derived from this data set are preserite
were determined. Table 1 presents the year todetas, Table 2. The means based on 1991-2000 have awinsh
duration and also the 10 year means of the deidatels. any statistically significant differences with theng term
normals of 1901-2000. The normal date of onset and
2.3. Normal onset and withdrawal dates of withdrawal respectively are 20 October and 27 Ddxm
northeast monsoon for 1901-2000 The time series of onset of easterlies, dates eétoand
withdrawal displayed absolutely no overall trenciag
The  dates of northeast monsoon onset andthe 100 year period and have remained stationditye
withdrawal for the 10-year period 1991-2000 présén  northeast monsoon set in on 6 occasions prior to 10
in Table 1, when appended with the datesl®&1-90 October and on 8 occasions in the month ofexaber.
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Fig. 2. Frequency distributions of the percentage vaeassociated with the 40 - day periodicity throbghmonic and spectral
analysis of daily rainfall anomalies of coastal Tlakadu, Sep-Feb, 1901-2000

On 36 years the northeast monsoon spilled oveartaary Kripalani et al, 1990). In this section the intra-seasonal
of next calendar year with withdrawal taking plaice variation of DRF of CTN and the role it plays tre
January. onset/withdrawal process of northeast monsoon haea
studied. For this, techniques such as harmongectsal
2.4 .Onset and withdrawal dates from IMD records and cross lag correlation function (CLCF) analysase
been employed. The DRF data of the six station€aN
The onset and withdrawal dates of northeast mentioned in Sec.2.1 for the 6 month / 100 yearoper
monsoon for every year during 1991-2000 had beenl Sep — 28 Feb, 1901-2000 have been utilised. The
declared by IMD in its bulletins. In case of onsdhe methodology as given in Panofsky and Brier (log.cit
differences between IMD dates and the dates ofleTAb and Wilks (1996) has been adopted. The analyss wa
were negligible on 8 occasions save for 1993 ar@B19 performed sequentially as under :
when IMD dates succeeded those of Table 1. However
large differences have resulted in case of withdieor (i) The normal DRF of CTN based on 100 year data
most of the years with differences upto 27 dayshis was computed and the series was smoothed withrmgovi
study is essentially diagnostic with ample scope fo averages to derive a smooth profile.
assimilation of all the available and requisitetadaith a
provision of review whereas the IMD dates are deda (i) The DRF of CTN for the 6 month period was
on a real time basis. In the absence of any raitieeand  computed for each year and the DRF profile was
well-defined circulation feature associated wititheast ~ smoothed as done i) @bove.
monsoon withdrawal and with the tendency of northea
monsoon to spill over to January on nearly 30%hef t (iii) DRF anomalies (DRFA) based on DRF and DRF
occasions interspersed with characteristic longgpirsils, normals were computed for each day of the 6 month
the date of withdrawal perhaps could be firmly deieed period for each year.
only after the season is well and truly over.
(iv) The DRFA series were subjected to harmonic and

3. Intra-seasonal variation of daily rainfall spectral analysis. The harmonic analysis was pedd
anomalies and its effect on onset and withdrawal over the first 160 days data of the entire langft181
of northeast monsoon days. For spectral analysis all the 181 days tatee
utilised to compute 60 auto correlation coefficge(iECs)

3.1.Variation of Daily Rainfall (DRF) anomalies and smooth spectral densities were obtained. As

expected the DRFA series were persistence saigs@
The existence of the well-known 40-day oscillation the red-noise null continuum was employed.
in the Indian monsoon rainfall with periodicitgnging
between 30-50 days has been well-documented. (Sikka  The results of the above analysis are discussed in
and Gadgil (1980), Keshavamury al, 1990, Singh and what follows. In the periodicity analysis conductedthe
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Fig. 3. Dalily rainfall anomaly series for coastal Taiddu 1 Sep-28 Feb for 1901-02 & 2000-01 and papectrums of the DRFA
series. (Both the spectrums display spikes at leagéhs corresponding to 40-day periodicity)

northeast monsoon DRF over CTN, the 40-day osdiiat years 1901-02 and 2000-01. In 1901-02, the promtine
(i.e., 30-50 day periodicity) could be clearly detectan peaks of the DRFA graph correspond to the dateSezf
respect of 86% of the years. Fig. 2 depictditbguency 4 Nov, 10 Dec, 5 Jan and 13 Feb. In 2000-01 tlekspe
distributions of the total percentage variance are observed on 8 Oct, 20 Nov, 28 Dec and 31 Jde
corresponding to bands of wavelengths of 30-5Gdsy  sinusoidal shape of the DRFA graphs for both thaerse
derived from harmonic and spectral analysis. The with prominent peaks separated by 30-50 days cbald
harmonics and spectral bands corresponding 1daf0  easily appraised visually and is clearly broughtlmuthe
oscillation explained on an average 37.1% and 3%8% power spectrums. For both the years, the spegbeaks
the total variation and in 45% of the years bo#planed at harmonics corresponding to 40-day cycles. Tial t
more than 40% variation. percentage variance explained by the 30-50 daylatsmn

is 57.1% and 46% respectively for 1901-02 and 20D0-

The presence of 40-day periodicity in the DRFA

series is illustrated in Fig. 3. which preseiis DRFA The average periodogram and power spectrum of
series for 1 Sep - 28 Feb and its power spectourtwo DRFA series of all the 100 years are preseimt&dg. 4.
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the first and two harmonics explaining substantial
3.2. South to north movement of rainfall anomalies
The 40-day oscillation of Indian monsoon rainfall

has been shown by several authors to displayhsuarth

analysis for the anomaly series. Despite this émnual

not prominent corresponding to 40-day periodicity. cycle may not have been fully removed and matsfes
oscillation as could be clearly seen from Fig. 4.

Fig. 4. Mean periodogram and power spectrum of dailyfalimnomalies of coastal
Tamil Nadu, Sep-Feb, 1901-2000

The average 95% confidence limit of the red noisk n DRF series for a given year by subtracting themadr
continuum is also presented in the case of powerDRF to derive the DRFA series and performing the

to 40-day periodicity is much more prominent and is variation. The spectral analysis which is not snsitive

sharply defined. Now, the normal monthly raihfal to non-stationarity in a time series as the haimon
figures over CTN for the 6 individual months of analysis has given a better account of the logueacy

spectrum. As seen the periodogram shows a spikegth
However the spike in the power spectrum correspandi
September-February are 76, 232, 348, 203, 50 Amdrd

respectively. The first half of the period recaiv@ore
rain than the second half and so the periodograDR¥F
should display this annual march prominentliyhvérge

variance explained by the first or second harmonite
neutralise this annual cycle we have 'pre-whitendg
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Fig. 6. Mean cross lag correlation function betweeilydainfall anomalies of Chennai and
Pamban, Sep-Feb, 1901-2000

movement of rainfall anomalies over India (Sikkada pattern and in the remaining 9 years the CLCF
Gadgil, loc. cit., Singret al, loc.cit, Gadgil, 1990). We did not exhibit a pattern or the CCs were insiguaifit.
have examined latitudinal movement of rainfall aaties Fig. 5 presents the scatter plot between the lags
over CTN during September-February, by computing corresponding to the CLCF peak (LCRis-a-vis the
CLCF between Chennai located in the north at 12tnil corresponding modal CC values. The LCP was negative
Pamban located in the south at 9.2° N, latitudyna#iarly 63 out of 91 years, 0 in 12 years and positivé@ryears.
400 km apart (Fig. 1). The DRFA series for Chémamal The mean value of LCP corresponding to negative- no
Pamban for each year of 1901-2000 was subjected tmegative values of LCP was -3.1 and -2.6 days
CLCF analysis. The series for Chennai was kemdfix respectively whereas mean of all the LCP valuas
and that for Pamban shifted by positive and negativ -1.8 days. The LCP was higher than 0.5 in 87 yedise
lags(days) to obtain the CLCF for each yearmbst of average CLCF obtained by averaging the individual
the years, the CLCF displayed a clear bell shapefilg CLCFs of 100 years is presented in Fig. 6. Thelgra
peaking at a particular lag and decreasing on regde peaks both at lags -1 and -2 with the CC values
thereof. For 91 years the CLCF revealed suchearcl decreasing sharply for positive and graduallynfegative
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TABLE 3

Results of CL CF analysis of Daily Rainfall of Coastal Tamil Nadu, 1 Sep - 28 Feb 2000

LCP n Mean of LCP (Days)
Negative (<-1) 63 -3.1
Non-negative(<0) 75 -2.6
All 91 -1.8
No clear pattern 9 -

Based on average CLCF 100 -1 to -2 (mode)

n - No. of years; CLCF - Cross lag correlation fime
LCP - Lag corresponding to CLCF peak.

TABLE 4

Intra-seasonal variation of DRFA 345 seriesand its effect on onset and
withdrawal of northeast monsoon over coastal Tamil Nadu

Date of change of sign ofNo. of Mean date Mean onset/ Mean Mean absolute
DRFA345 seriex]  years (x) Withdrawal lag (-y) lag k-y | CCkx,y)
date ¢) days days
From — to +, closer to
onset date 73 19 Oct 21 Oct -1.9 4.6 0.90
From + to —, closer to
withdrawal date 68 26 Dec 29 Dec 2.7 5.6 0.91

DRFA: Daily rainfall anomalies over coastal TamidNi, 1 Sep-28 Feb.
DRFA345: Component of DRFA associated with 49-dscillation.

lags. In Table 3 is shown some of the results oCEL
analysis in a nut shell.

The analysis of CLCF of individual years and the
profile of average CLCF has clearly brought outttha
CLCF in a normal way, peaks for negative lags Wwhic
according to our definition implies that rainfah@malies
move from Pamban to Chennaige., south to north
movement. This is consistent with the overall obston
of 40-day oscillation of Indian southwest monsoon
rainfall. Now the low level winds over the southéndian
peninsula during most of the period of our studg ar
easterlies and the northeast monsoon establiste§ iit
association with the southward movement of equaltori
trough. That south-north movement of rainfall aadies
could take place despite the region of rainfallivéigt
shifting southwards with the advancement
should be considered as remarkable.

Despite the wide range of LCP values (Fig. 5), a CTN,

representative value of -2 to -3 days seems apiptep
from the results presented in Table 3. This yieldpeed
of movement of nearly 130-200 km or roughly 1-2°

of seasonwith recurrence periods

reasonably well with that obtained by Sikka and @lad
(loc.cit) who obtained an average south to noreedpof
movement of 1° latitude per day and 2° in extremses
of maximum cloud zone over Indian region during
southwest monsoon season.

3.3. 40-day oscillation in association with onset
and with withdrawal of northeast monsoon
In the previous section, it has been shown that
nearly 40% of the intra-seasonal rainfall variatauring
northeast monsoon is accounted for by the 40-day
oscillation. The surmise of a possible role thisvlo
frequency oscillation might play in the commencemen
and cessation of northeast monsoon rains requirésef
investigation. The following analysis was therempo
carried out. The sum of the™34" and %' harmonics
of 53, 40 and 32 days
respectively over the 160 days DRFA series waiveldr
which is denoted by DRFA345. In the DRFA seriés o
the onset of northeast monsoon is by andelarg
associated with anomalies turning from negative to
positive and the withdrawal from positive to negat If
DRFA345 changed sign from negative to positive elos

latitude per day. This speed of movement agreesto the onset date and if the three harmoniptaeed a
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Fig. 7. Intra seasonal variation of rainfall of coagtamil Nadu for 1935-36

good amount of variation of DRFA it can be takeat tthe onset dates of northeast monsoon with the mearmeof t
onset process was to some extent excited by théay0- former preceding the mean of the latter by 2 daym
periodicity. Similar arguments hold good for witawal case of withdrawal, in 68 years the DRFA345 series
as well. changed sign from positive to negative within Sgysl of
the withdrawal date. The CC between these dateghend
withdrawal dates of northeast monsoon was 0.%h the
The DRFA345 series for each year was critically mean of the former succeeding the mean of ther ldtje3
studied to identify whether it followed the samadency days. In the remaining years, no clear pattankirig
of the DRFA series in the neighbourhood of onset/withdrawal with the 40-day oscillation coube

onset/withdrawal dates. It was found that in y8ars, identified.
the DRFA345 series changed sign from negative to
positive within 4-5 days (before/after) of the dndate. We could thus conclude that in nearly 70% of the

These dates exhibited a high positive CC of 0.9 e years, the onset/withdrawal of northeast monsooer ov
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CTN gets excited by the 40-day oscillation. At time of
onset the DRFA series lags the 40-day oscillatiprivimn
days and at withdrawal the latter lags the formethree
days suggesting the presence of a phase shift betthe
two series from onset to withdrawal. Table 4 pnésethe
results of this analysis in a nutshell.

3.4. Anillustration

We illustrate some of the features of
variation of northeast monsoon rainfall of coagtaimil
Nadu discussed in the previous sections for arvidaal
year, 1935-36. In 1935 the northeast monsooims®ater

intrasealsona
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standard deviation of 13-14 days. The normal dumas
67 days with a deviation of 14-15 days.

(i) Harmonic and spectral analysis performed on the
rainfall of coastal Tamil Nadu for September - Feby

for the 100 year period 1901-2000 revealed thatda\d
oscillation of rainfall was present in 86 years and
accounted for nearly 40% of the intra seasonahtian of
rainfall.

(iv) The analysis based on cross lag correlationiofath
of Chennai and Pamban brought out that the rainfal
anomalies moved from south to north over coastahila

CTN on 13 October and withdrew on 28 December asNadu taking nearly 2-3 days to travel from Pamban t

derived in | & Il
graphs/diagrams the various features of the rdinfaks
seen DRFA changes sign from negative to positioses
to the onset date and from positive to negativesesido
the date of withdrawal. The power spectrum alatigw
the red noise null continuum at 95% level of sigaifice,
which has been presented, clearly brings out thsemce
of 30-50 day periodicity in the DRFA series. TH& &"

Fig. 7 presents by means of Chennai. The speed of movement was 1-2° latitiete p

day.

(v) In nearly 70% of the years, the 40-day oscillatio
excited the onset/withdrawal of northeast monsodhe
rainfall anomalies associated with the 40-day mode
changed to positive two days before the onset catd,

and 8" harmonics together accounted for 66% of the totalinto negative three days after the withdrawal d@eerall

variation. The DRFA345 series which is the sunthe
above three harmonics has been derived and
graphically presented.

The DRFA345 series changes sign from negative to

the changeover manifested within 4-5 days of theeb

igdate and 5-6 days of the withdrawal date.
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CC value of 0.62,
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to Chennai during the above year, the speed of mewe
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4  Summary
The results of the study are summarised below :
(i) The onset and withdrawal

dates generated for 1901- 90 provide a centuyrdeof
dates of onset and withdrawal of northeast monsoon.

the interpretation is that DRF
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