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ABSTRACT. In this paper, choosing two locationiz., Thiruvananthapuram and Mumbai, an attempt has be
made to find whether the onset date of monsoon amgsbearing on monsoon rainfall over Kerala and Kéon
respectively. Association of the onset dates Wwitian Summer Monsoon Rainfall (ISMR) for the ctyras a whole
has also been explored. The study utilizes 106sy€E901-2000) data.

Homogeneity of the data and other rainfall featdmr@ge been examined with the help;@% analysis. Frequency

of simultaneous occurrence of droughts and metegical floods at Kerala and Konkan have been detexthand
examined.

The study showed that onset over Thiruvananthapar@nMumbai are significantly related. It reveatdzbence
of any significant relationship between onset oMeiruvananthapuram or Mumbai and the ISMR. Metemgialal floods
seem to be more frequent over Konkan compared tal&e
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1. Introduction al., 1980; Ananthakrishnan and Soman, 1988; Chowdhury
et al, 1990; Bansoet al, 1991, etc.) which confirm lack
The southwest monsoon rainfall still continues ¢ b of one-to-one correspondence between date of mansoo
the driving force behind India’s economy. Any laigpale onset and rainfall.
negative deviation adversely affects agriculturéhe
drought, which occurred in 2002, brought down thark
crop production by nearly 30 million tons from thaft In the present study an attempt has been made to
2001. determine characteristics of monsoon onset over
Thiruvananthapuram and Mumbai and search for
The southwest monsoon advances first over Keralaassociation, between them. Correlation betweentarfse
around ¥ June and then slowly progresses northwards.monsoon dates over Thiruvananthapuram (Mumbai) and
A number of studies between the onset dates andainfall over Kerala (Konkan) has also been deteedhi
subsequent rainfall have been made in the pastr(Btha and discussed.
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TABLE 1

Statistics of dates of onset over Thiruvananthapuram and Mumbai

Station Average S.D Earliest No. of Mean rainfall ~ Most No. of Mean rainfall on  Occasions of Mean rainfall (cm)
date onset occasions on early onset delayed occasions delayed onset (cm),normal onset on normal onset and
of early  (cm), percent onset of delayed percent of percent of normal
onset of normal onset normal
Thiruvanantha- 1 Jun 7 11 May 23 175, 18 June 28 199, 49 187,
puram 1918 92% 1972 105% 99%
Mumbai 10 Jun 6 24May 26 266, 25 June 24 311, 50 276,
1919 98% 1905, 148% 102%
25 June
1959
2. Dataand method of analysis ro(a)
40F
The study utilizes 100 years’ (1901-2000) data on THIRLANANTISAPURAM

the onset of monsoon over Thiruvananthapuram
and Mumbai. Based on pentad (5-day) rainfall,
Ananthakrishnaet al (1967) identified onset of monsoon
over different locations of India. Subbaramaygtaal
(1984) used northern limit of monsoon (NLM) to
determine onset over the country. Results of etudiy
Ananthakrishnaret al (1967) on advance of monsoon
over Thiruvananthapuram and Mumbai have been re-
examined in this study based on the 100 years'.data
Monsoon rainfall for 100 years (1901-2000) over &ar
and Konkan have been taken from records of India Me "
Deptt. Characteristics of onset over Thiruvanaptinam

and Mumbai have been studied throughanalyses. The

onset dates in each year are categorized as earyal
and delayed, depending upon whether it falls oreslat
<VYx, between % o and >% o, from mean dates
respectively, where is the standard deviation of dates of
onset at Thiruvananthapuram and Mumbai. Rainfedro
Kerala and Konkan are examined with respect totiset
dates over Thiruvananthapuram and Mumbai respéygtive
with emphasis on occurrence of drought in these two
meteorological sub-divisions. Seasonal rainfa baen
categorized as below normal (drought), normal srava
normal (or meteorological floods) depending upon
whether the departure #26%, within +25% and>26%
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3. Resultsand discussion

Figs. 1(a&b). Frequency distribution of onset dates based
3.1. Onset dates on 100 years data. (a) Thiruvananthapuram and
(b) Mumbai

The mean date of onset of monsoon over
Thiruvananthapuram is found as 1 June (Table i) wi The most delayed date of onset of monsoon at
standard deviation of 7 days. In favourable cirstance  Thiruvananthapuram is 18 June 1972. Both these
it could advance even in May, as it happened in8191 years are well-documented drought years, the cpunas
when monsoon set-in on"I May at Thiruvananthapuram. ~ faced.
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TABLE 2

Frequency distribution of simultaneous occurrence of early, normal and late onset datesover Thiruvananthapuram and Mumbai

Mbai
Early Normal Late Total
Early 14 6 3 23
Thiruvananthapuram Normal 9 29 11 49
Late 3 14 11 28
Total 26 49 25 100
The mean date of monsoon onset over Mumbai is %[
found as 10 June with@a= 6 days. In 1919 the monsoon
onset occurred earliest in 100 yeams, on 24" May, 30
while in 1905 and 1959 it was delayed the most and
advanced only on 25 June (Table 1). It is rather 25+
surprising to find that the mean dates of onsehofisoon R
over Thiruvananthapuram and Mumbai determined ig th izot—
study (based on 100 years’ data) are identical witse 3
determined by Ananthakrishnast al. (1967) based on %15_
small sample. &
The pattern of dates of onset [Fig. 1 (a)] is tafic o
uni-modal at Thiruvananthapuram. On 37% of theryea
monsoon onset took place betweeri' 81ay to 4" June. st
Early and late onset of monsoon over Thiruvanan-
thapuram is not an unusual phenomenon. Monsoon has L L L 1 s ' i o
4 8 12 6 20 2 28 32

been observed to advance over Thiruvananthapuram
unusually on or before #May, though such incidences
are very few (in two years between 11-15 May and 6 Fig.2. Frequency distribution of difference of onsetedatbetween
between 16-20 May). In 5 years it has occurresvéen Thiruvananthapuram (T) and Mumbai (M., M —T

21% to 28" May but on 19 occasions it is seen to occur
between 26 to 30" May. Late onset of monsoon is also
not uncommon over Thiruvananthapuram. In two years
the monsoon onset took place as late as betweearid Normally, it takes about 10-12 days for the monsoon
19" June. In 17% of the occasions the mMonsoonty advance over Mumbai after its arrival over
advanced betweeﬁhﬁnd g1 June, while on 12 occasions Thiruvananthapuram_ The present Study shows that i
between 1@ and 1&1 June. A late onset of monsoon over 5||ght|y over 50% occasions, the monsoon took UI:B to

Thiruvananthapuram creates a natural anxiety anlo@g  days to reach Mumbai from Thiruvananthapuram (E)g.
people about its future seasonal behaviour over theThere are occasions when it has taken more thgd‘agﬁ
country. This aspect has been dealt in a sepaeatéon  for traversing this distance. In 1959, for instaric¢ook
below. 25 days for the monsoon to reach Mumbai while iB619
and 1960 it has taken 29 days each. As mentiahede,
The distribution of onset dates over Mumbai appearsfavourable synoptic situation often pulls monsoon
to follow a normal statistical distribution with xienum northwards towards Mumbai and the peninsular ladter
concentration between"8o 12" June [Fig.1 (b)]. Like ts arrival over Thiruvananthapuram. If the monsoo
Thiruvananthapuram here too early and late onsebath  current is weak at the time of touching the Keradast
observed. For instance, in two yeﬂ-rs, 1918 and 1925 and remains so for a protracted period' the nontthwa
monsoon advanced betweeri"2hd 28 May, while on march of monsoon is arrested and the monsoon’s

three occasions (1905, 1959 and 1981) the monsoomorthward advance gets unusually delayed. Thectses
advance was delayed, and was ofi,285" and 2% June  of abnormal delayif., in 1956 and 1960) in arrival at

respectively. Mumbai cited above are mainly because of this cause

Days

3.2. Association between onset at Thiruvanantha-
puram and Mumbai
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TABLE 3

Contingency table showing rainfall statistics of Thiruvananthapuram

Onset dates over Tvananthapuram

Early Normal Late Total
BN 6 7 3 16
Seasonal rainfall over
Kerala N 14 36 21 71
AN 2 7 4 13
Total 22 50 28 100
BN : Seasonal rainfall less than —19% of normal
N Seasonal rainfall betweeri 9%.
AN : Seasonal rainfall more than 19%.
Homogeneity of arrival dates over the two stations ..
and the association between them have been tegted b on

analysis (Table 2). The calculated valueydfwas 21.6

and it exceeded the table value at 5% level ofifsogimce.
The null hypothesis is thus rejected. It therefseems
that the dates of onset at these stations are hemeogs
and that the onset date of monsoon over the twatitnts
has some association between them.

Correlation was worked out for the period 1901-
2000 between the onset dates over Thiruvananthagpura
and Mumbai. This was found to be 0.49, significant %
level of significance. In addition, correlationeng also
worked out between the two for 50 running yearsust
we worked it out for periods 1901-1950, 1902-19&1,e
These were plotted at the last year of these stibgse
Result of this analysis is shown in Fig. 3. Fostfi50
years' data, the correlations between these twceapp
very large {ie., 0.71) and significant. Subsequently, from
the value of 0.71 the correlations fall to lessntieb till
1961. In the later period the correlation increase
marginally till 1973 to 0.53 but then decreaseglgadly.

In the last ten years of the last century the dations
seem to have attained a constantly steady valQe506f

3.3. Onset dates and the sub-divisional rainfall
3.3.1. Onset over Thiruvananthapuram and rainfall
over Kerala

Rainfall at a location is often believed to be teta
to its onset over it. An early onset raises higipds of
good monsoon while its late arrival often causesiein
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Fig. 3. Year wise correlations between dates of onsehaisoon

for 50 years running period at Thiruvananthapuram &
Mumbai

negative = -0.27) but significant (at 5% level of
significance). Low correlation between these twasw
also observed earlier by Bansetal (1991). Dhaet al
(1980) also did not find any significant correlatio
between monsoon onset over Kerala and rainfall twer
west coast for the entire monsoon season.

Dates of onset over Thiruvananthapuram and
monsoon rainfall over Kerala when subjected 3

analysis (Table 3), yieldeg? value of 2.95 which was

less than table value of 13.28 (at 5% level of ificemce).
This indicated acceptance of the null hypothess the
dates of onset of monsoon over Thiruvananthapurasn h
little bearing on seasonal rainfall over Kerala.

3.3.2. Relationship between onset over Mumbai and
rainfall over Konkan

and despondency among the masses particularly the

farmers.  Seasonal rainfall over Kerala and owset
Thiruvananthapuram is examined from two angliesby
working out correlation coefficient between the tand

x? analysis. The correlation between them wasd

The analysis of onset dates over Thiruvanantha-
puram and the seasonal rainfall over Kerala, when
extended to that over Mumbai and seasonal rainfall

over Konkan gave a significapf (6.91) (at 5% level of
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TABLE 4

Frequencies of occasions (%) of different categoriesof ISMR with
referenceto different ranges of onset dates

Onset date ISMR Frequency
(a) Thiruvananthapuram
+10 days of normal date of Below normal 15
onset Above normal 12
Normal 51
> 10 days of normal date of Below normal 02
onset Above normal 02
Normal 08
<10 days of normal date of Below normal 02
onset Above normal 02
Normal 06
(b) Mumbai
+10 days of normal date of Below normal 15
onset Above normal 15
Normal 61
> 10 days of normal date of  Below normal 01
onset Above normal 01
Normal 02
<10 days of normal date of Below normal 02
onset Above normal 00
Normal 03

significance) The null hypothesis, like in earlier case, is

449

that the ISMR is normal in 51% of the years. [96L6f

the cases, the ISMR is below normal when the déte
onset is within_+10 days of its normal date. ISMR is
above normal with nearly same frequency when oisset
within +10 days of normal date. Thus in 63% of the cases
the ISMR is either normal or above normal with exggo

+ 10 days of normal onset date category at
Thiruvananthapuram. As may be seen from the table,
when the onset is abnormally delayed or quite eady
>10days or <10 days of normal date, no firm corohs
about the ISMR could be drawn.

The pattern of ISMR with respect to onset date at
Mumbai is also given in Table 4. Normally the moos
advances over Mumbai around ™MQune. But its
variability (i.e., 39%) is slightly higher than that over
Thiruvananthapuram. The table suggests that when t
advance date of monsoon at Mumbai belongs to tke fi
category iz, + 10 days of normal date), the ISMR is
normal in 61% of the cases and above normal in 5%
the cases. In 15% of the years the ISMR coulddlev
normal with respect to this category of onset datés
nearly 3/4' number of years, ISMR could be normal or
above normal when the monsoon reaches Mumbai within
+10 days of its normal dates of onset. As in theeoaf
Thiruvananthapuram, at Mumbai also an abnormalyearl
or delay of onset does not seem to have much ingpect
ISMR.

therefore accepted. We may conclude that onset of

monsoon over Mumbai is also not related to the s&s
rainfall over the Konkan coast.

3.4. ISMR and onset over Thiruvananthapuram/
Mumbai

Association of Indian summer monsoon rainfall
(ISMR), if any, with the onset dates of monsoon rove

Thiruvananthapuram/Mumbai has also been examined inK
In this section, normal ISMR has been

this paper.
extensively referred in the course of discussiBajeevan
et al. (2004) in their classic paper define seasonsfalin
for India as a whole between 90% and 110% of itglo
period average (LPA) to be normak(, 88 cm). Rainfalls
below 90% and above 110% are considered deficiemt a
excess respectively. In view of its versatilitye mave
also followed the same definition.

As already mentioned, normal date of monsoon
advance over Thiruvananthapuram i§ June and has
been found to have an interannual variability o433
Analysis of variations of onset dates over
Thiruvananthapuram and its association with ISMiRds

3.5. Association of monsoon rainfall over Kerala/
Konkan and ISMR

Possible association between the monsoon rainfall
each at Kerala and Konkan and their associatiom wit
ISMR is also studied. This is done through cotiefa
coefficient analysis.

The correlation of southwest monsoon rainfall over
erala with ISMR is found as 0.28 and significaat $%
level of significance). On the other hand, as waven
northwards, association of ISMR seems to increadd,
the result that rainfall over Konkan bears a highly
significant correlation of 0.63, with ISMR. Rechnt
Padgalwar and Shewale (2003) found that monsoon
rainfall over west Rajasthan is strongly correlateith
ISMR.  Thus, as the monsoon marches northward the
sub-divisional rainfall seems to have larger catieh
with ISMR.

3.6. Droughts and floods over Kerala and Konkan

Drought and meteorological flood as defined above,
are often widespread in areal extent, particulatg

out some interesting features (Table 4). When theformer, and simultaneously affect many sub-division

monsoon onset occurs over Thiruvananthapuram batwee across the country.

+ 10 days of its normal date of onset it has bediced

In other words, spatial cehes in
drought incidence is a reality as was first obsgérby
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