MEFN= 007300

0l
02
03
04
05
0o
10
12

14
30
31
32
40
41
58
61
64
68
76
83

90

SID/SCD

5905

INPE-5905-PRE/2048

CEA

s

as

Kane, Rajaram Purushottam

Spectrum analysis and prediction possibilities of the
onset dates of southwest monsoon over Kerala (India)
15-24

Mausam

46

1

En

En

DGE

<PI>

<1995>

PRE

GEOFISICA ESPACIAL

Maximum Entropy Spectral Analysis of the time series for
the onset dates of the southwest monsoon over Kerala
(India) revealed several periodicities significant at a
2sigma apriori level, some at a 3 Csigma apriori level.
However, these contributed only 40-50% to the total
variance, thus indicating 50-60% as purely random
component . Also, many of the significant periodicities
observed were in the QBO region (T= 2-3 years) which due
to their variable periodicities and amplitudes, are
almost equivalent t¢ a random component. Hence,
predictions were possible only with a sigma limit
exceeding 5 days, which are probably not very useful for
any planning purposes, agricultural or otherwise. No
relationship was found between onset dates of
established monscon rainfall and 50 h Pa mean monthly
equatorial zonal wind for the months of March, April,
May or June. However, there is a possibility that a
relationship may exist between westerly (easterly) winds
in May and early {(late) onset of the first monsoon (or

pre-monsoon?) rainfall in Kerala, meagre or otherwise.
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ABSTRACT. Maximum Entropy Spectral Analysis of the time series for the onset dates of the southwest
monsoon over Kerela {India) revealed several periedicities tignificam at a 2o apriori level. some a1a3Coa
priori level. However. these contributed only 40-50% to the total variance, thus indicating 50-60% as purely
random component. Also. many of the significant periodicities observed were in the QBO region (T = 2-3
years) which. (ue 10 their variable periodicities and amplitludes, are almost equivalent to a random compo-
nent. Hence, predictions were possible only with & o limit exceeding 5 days. which are probably not very useful
lor any planning purposes. agricultural or otherwise. No relationship was found between onset dates of
established monsoon rainfall and the 50 hPa mean monthly equatorial zenal wind for the months of March.
April. May or June. However, there is a posaibility thai a relationship may exist between westerly (casterly)
winds in May and early (late} onset of the first mensoon (or pre-monsoon 7) rainfall in Kerala, meagre

or atherwize,
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1. [ntroduction

The onset date of the southwest monsoon over
Kerala (India) varies widely between 7 May and 22
June. {n an earlier communication (Kane 1980), the
results of a Maximum Entropy Spectral Analysis
(MESA) were presented for time series of the onset
dates as given by : (a) India Meteorological Depart-
meat (IMD), (b) Ananthakrishnan et al. (1967, and
(c) Ramdas er af (1954). Periodicities T = 2.3.2.8.3.5.
39.47 55.6.2.7.3.8.5. 10.8, 14, 20 and 40 years with
amplitudes of 2-5 days were observed and predic-
tions were made which matched within 5 days for
the series (b} and within 10 days for series (a).
Earlier. Reddy (1977) conducted specirum analysis

3= R0 IM /94 .

(15

Periodicities. Spectrum  analysis. Vadance. Winds. Rainfall.

for the IMD series for 1901-1975 by the Blackman
and Tukey (1958) method and reported periodicities
at I'= 2.5-27 years and T = 54 years.

The dates of onset as per IMD records are based
on subjective estimates by several forecasters, IMD
(1943) states that the pre-monsoon thunderstorm
rains over Kerala increase progressively to merge
with the monsoon rains. Ramdas er al. (1954) used
the date of commencement of persistent heavy rain-
fall over south Kerala as the onset data. but did not
specify the threshold value of the rainfall or the
minimum duration of persistence. Ananthakrish-
nan et al. {1967) established some broad criteria for
operational use. In a recent communication,
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Ananthakrishnan and Soman (1988) reported the
restls of a critical and ohjective study of the rain-

 fal bver dorth and south Kerala and showed that it

was possible to have a clear demarcation between

the rainfall associated. witli sthi presmnfisconcthun< {7
derstorm activity over Kerglasand the rainfall that, .,

heralds the onset of the southwest monsoon. The

average daily rainfafll from pre-monsoon thun- .
derstorms is ~5 mm. Followmg the monsoon ansel. -

the mean daily rainfall, increases r'lpldfy to ~3'0
mm. Hence. these authors constcletud lhe date of .
monsoon onset as the first day of iransition from the
light to heavy rain spell category with the condition
that the average daily rainfall during the first 5 days
should not e less than 10 mm (f.e. atleast 50 mm in
5 consecutive days). With_this objective_criteriop. .
they reported. nneet dateq for norlh Kerdla (NK! and
south Kerala (SK) foi 1901-1980 as also yle, copven:
tional IMD datcs Furlhcr dala uplo 1090 wer

!

._;_f_.OG (POWER)

neacde avmldtﬂc 10.us hy IMD In the preqem uhm'- .

municatign. we leport ﬂlhe i‘e‘:lllh of Ilw ,sp,gclra

anal ysis of‘ thc<c fhrc;: nmc qeues (SK NK &

.....

MDY T

BRI T

2. Method of aual\rﬂis
Powcr t:pcurtlm amﬂyqie was unned (310)] hy

using  Maximum Fniropy ‘Spectral " Analysis
(MESA) (Bur;__ 1%7 ‘Uirych and Blshop 1975}

which is known to be superior to the conventiongl

Blackman. and Tukey (1958) method.: In. MESA.

there is an-adjustable variable. vit, Length of the

Prediction” Error ‘Filicy r(IJ’EI:) For sniall LPEF.
only small péfiodiciiles are revealed. Larger LPEF
reveal larger periodicities (even those comparable

1o the data. length) but cause . peak-splitting for

smaller periodicities. The choice of LPEF is a tricky
problem. The Akaikes (1969} Final Prediction
Error (FPE) criterion often fails and. in that case.

‘:illryt,h and Bishop'(1975Y reeommena‘wsmg T.PEF

5% of the data lengil From 4 stadly of artificial

 periodicities - Teom'smaller and
periodicities ‘from targer agd larger LPEF; Also,
sine ampHeude estimates ‘are not reliable’in MESA

o

samples. Kane (1977. 1979y sugpests evaluating the
spectra for several LPEF and selecting smaller
“LPEF" and- larger

+{Kane and Tiivedi 1982), =MESA5--is—fﬁséd~only Tor

sdetecting the possiblé ‘peaks Ty (k* 71,
lhcn ‘these’ Tk aro -uecd m the expreq‘non EE

Hothr § [ i i by o 2

SRy and
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) where . [(7)is the observed time series (= 1,2....),

.+ and E is the-error factor. The parameters Ao, (ax, by)

and their standard errors a4z, o1 are then evaluated
by a standard Multiple Regression Analysis (MRA)

“(fohnsion 1960, Bevingion 1969) ‘based on a least

i given by, S{L(r

square fit. From these. r;, ¢; and 6 can be
calculated. Amptitudes ry exceeding 20,4 would be
significant at a 95% apriori confidence ,levql Also.
since every r; contributes 7,2/2 to the variance, the

s2) where. o2 is the variance of the

. Percentage Vag x;?'ncc Explamed (PVE) by every r is

observed serigs [(1), Thns expression for PVE s cer-
‘lali‘ﬂy trie for Iow periodicities but only approxi-

mately] 3me ‘for ldrger penodlcllles as these may.not
have mtegral cycles, ip, the restricted data length.

'3 Resis

* For gach series. analy$1s was done using data for

- 1é01 1970 onily. Fig: | 'shows the spectra for SK.NK
“ahd IMD senes(mycars) for LPEF = 23:35 atid 47.
‘correspbnding to 33%, 50% and 67% of the data
‘length 70'(years). Note' that' the’ ‘abscldéa scale s

neither the conventional § (frequency) nor T
(period). but logo7. About a dozen pedks were
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TABLE

Perindicitics 7; (years), amplitudes r; (days) significont a0 2 20 apriori level and the pereemtage variance explained (PVE)

L - Sevies” J‘,wrl,. r VLM e g T VIBQ. Js,sl, 3o g iy

Std Teal

I‘amml:cim,\ cxg{’ndmg Tz X ie e cpior PVE

£ SIEE o R T LT e
,. I (\Mrsl Y 4.8 6.1 %
o F ‘llﬂ}'ﬁ) P 4{ L 34 e - SIS &
ke “" PV tﬂ...‘ S "au YA *\‘; EYER T x
’.' Sed ¥ © N
; .
i NK T} {venrs) 20 263 4R 6.0 25 kK]
(N .1| Keral ) rp Gladsiy™s TREY* A o AT 2R ; 0 w27 430, +12
a sl ) R R A S, T T R epae
t " PV ERY T HEL s Rl ' . R" s9 A4 "2
5 T ey i“. f i.—..«, 5
¢ 3 et [ R . . s k
. Ity . 2200 157 &L 1‘) 47 g, e 87 . : : i
1 . N LT .‘_ fs g T, ) - . IR
(mimlcml::mlm f (fados o 23 28 14 Y *?,3 Ea e j‘ - i1 o o e : HEL o
TUpVEGUanT 43 52 49 44 148 1.7 PR ¥
e . Slgmllcnu-n ala apn"r'ir'i. jevel. "Fhe standard ¢rroc ﬂ:,l“is mmmun;::nallr; oo f,_d

Ay

<clcucd t'rom lhc MFQA plolq T'hcm weTe u-cd in
Eqn. (1} and yiclded amplitudes as given in Table |
where only amplituges rg mgmfcanl ata 2c apnou
levél ire noted. Those sigmﬁcam Aka ;G’ qpn jori .
Icvél are marked wilh an as!ensk £*). Togéiher lhese '.-‘
explain ~40-30% of variance. thus leaving ~50-60%
as purcly random component. Also. many of these
periodicities are in the. Quasi-Biennial Osgillation:
(QBO)Y (T = 2-¥years) région and a few in the Targe *
periodicity region. (A< «@xplained in Kane and
Triviedi (1986). such saniples o not have a good pre>

componenlt and secéindly. hecause the QBO. due to

its variable period (anywhere between 2 and 3 yeats)
and probably variahle amplitudes. is hardly dis-
tinguishable  frem a purely random vagiatiow, )
Nevertheless. Fig) 2 shiows observed valucs gfu 1-,

lines) and expected values (crosses) using pétdodi-

cilies as indicated fnr the scries [or the southwest
mon sao ix ohser da ,!ta for y(a) Somh Kemla (SK) (hi
Notth Kerala (Ni() & (c);Whole Kerald (IMQ‘}
Analysis used duly 70 yecars' data (1961-1970).
Observed values for 19711990 (big full dots) are.
therefore. indepettdént - data for checking prcdlc-
tion. In cach ease: tic upper half shows data Tof *
1901-1970 and ilie- lower hall for 1960-2000 (1960-
1970 is repeated. - The' full curves represent the'
original valucs and thé érosses and dashes represent
expecled vatues. using periodicitics as indicated.
Singe data used were for 19011970 only, the obser

Tor 19'7‘3 (22 fuulc) is abﬁormally above lhe expecia.d
vatue, and thelohservedt value for 1974 (23 Ma&} is
abpormally bclow thc cxpecled value T

B

u, l "4 : L v
R . ‘\ Sy r‘,

j; To gcl al beltm ulea for the matuh (Or mlsmatch)

between the observed and expected values, these gre
ploticd versus each other in Fig. 3 for SK series. The
bigger dots vepresent-the 20 years 1971+ 1990 Cor-
“telation coefficients between cbserved and expegted
values fog; 1901-1970 agd. standard errors 6qze-of

_ ) thc difl erence, se’rtes gobserved Yahies minus expiece
diction potentialifirsthy because of a large random™ -

Ic(l valties) fé'r variouis inteivals are indlcaled The
'45° slope line represents Qbserved values = Expe,c-

) lcd values, In_all cases. the scatter is lzige. saie

" points deviate considerably from the 45° slope line

= {:ﬁ)bscl‘\f{:(l values - expcclccl vilaes) and. the cor-
, telariot gqqfli
Méiture 5T e scatiér €ould be the standard (Iev"fa*

_ut is pqqmv;: hut only ~ 4 0‘3 A

tion of the series obtained as the difference, hetwéen

. “The, obscrved and yxpecfcd vilues. In Fig. 3 forsthe

SK series. sgyr fol 1901-1970 was + 5 days. but for
1971-1990, 64iq was + 12 days. md:catmg that pre-
dictions could be that muoch out with a 66% i;yro-
. ‘bability: Similar (hagrams for the NK- series And
IMD seties showed' qumlar corretations (~ 0.5y and
similar odig - iy

" - satan
- A . “‘"\ .
Wi gkl Ok

4. Rclatlanshl W l-ihQBO of mnal wmd

.+ Since some of the significant pcnodlclllcs were

ved values for 1971-1990 (blg dots Jomed hy. ,l'ylh\'.ty' in the QBO (T* 2-3 years) region. it would be

lines) can be used as independent data for c!’n‘:(:lmﬁg‘::l v
predictions. As can be seen. the big dots and crosses
for 1971-1990 do not maitch well lor any of the three
series. In particular, the observed value of onset dale ;

interesting to study the relationship between the
various monsoon onset dates and the zonat compo-
nent of the equatorial wind at 50 hPa level, which is

.~ known . fo, have a strong QBQO ‘Reed er al 1961).
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Fig. 2. Observed and expecied values using periodicities for the series for the southwest mponsoon onset detes
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IMAY = Ol , BIMAY» 31 L1 JUNE =32 , 3O.UNE = 81
SOUTH KERALA , 3K o

COMR. COEFF. + 40-8

Topr, * £ B0MYS
M‘m *

Courr, * L2 OAYS . &
1m0 .

EXPECTED MONSOON DATES

Fig. 3. Plot of observed values versws values expecied using
periodicities as indicated. for the sedies for the southwest
monsoon onset dates (or South Kerala (5K). Big dais
refer 10 19711990

Reddy (1977) investigated this aspect for a limited
period (1964-1975) and found thal in these 12 years.
the 50 hPa zonal winds at Singapore (14°N.
103.9°E) for the month of May were westerly (W)
for 9 years and all these were associated with early
monsoon onset {i.e, before 31 May). The other 3
years weve easterly {E) and were associated with
late mensoon onset (i.c.. on or after 31 May). Reddy
did not cousider the actual wind velocities so that
even values very near zero were designated as
cither E or W. Also. monsoon onset dates very ncar
31 May were also nol distinguished from very late
or very early dates. Recently, Venne and Daru
{1990) have given a plot of the time series of the
monthly mean zonal wind component at 50 hPa.
averaged for four equatorial stations. viz.. Balboa
(89°N. 79.6°E). Canton (2.8°S. 171.7°W). Singa-
pore {14°N. 1039°E) and Gan (0.7°S. 73.2°W).
which is reproduced in Fig. 4 (full lines) for the
period 1950-1988. As can be seen. there are many
more {(almost double) westerlies than easterlies. For
the period 1964-1975 studied by Reddy (1977). these
values match very well with the values shown by
Reddy (1977) for Singapore alone. The big dots
show the IMD monsoon onset dates. Table 2 gives
the monsoon onset dates for south Kerala (SK),
north Kerala (NK) and IMD. same as in Table | of
Ananthakrishnao and Soman (1988) but expressed

as deviations from 31 May (ie, 1 May = =30, 31
May = 0, 30 June = +30), for the period 1951-1987.
For the limited period 1961-1975. the onset dates
used by Reddy (1977) are also given in Table 2. The
right half of Table 2 gives the monthly mean zonal
winds for the months of March. April. May. June
(as read [rom Fig. 4).

Let us check first the findings of Reddy (1977).
Fig. 5 shows a plot of the monsoon onset dates (1
May = =30 31 May = 0: 30 June = +30) versus the
50 hPa equatorial zonal wind velocities (ms™1),
westerly (W) and easterly (E). for the month of
May. The full dots represent the onset values used
by Reddy (1977) given in Table 2. As can be-seen.,
out of the 15 onset dates, 9 were early onsets (nega-
tive dates) which were associated with zero winds
and 2 were almost normal onsets (0 and +2)
associated with eastesly (E) winds and | was a late
onset (+8) associated with easterly winds. Thus,
some association between early onsets and westerly
winds in May was indicated. However. the IMD
onset dates (crosses) show a Jarge scatier. Some
IMD dates (crosses) differ considerably from the
corresponding dates used by Reddy (1977) (full
dots). Particularly glaring are the onsect dates for
1967 (IMD = 9 June. Reddy = 15 May) and 1972
{IMD = 19 June. Reddy = 16 May). Reddy (1971
mentions that the dates for 1921 to 1975 were
collected from IDWR. WWR and MWR published
by the India Meteorological Department (IMD). Tt
is not clear why'some of the dates differ from the
IMD dates, If there is some difference in the selec-
tion procedure. the dates used by Reddy (1977)
seem 10 give a much better correlation with zonal
winds as can be seen from Fig. 5. Of course, the
sample used in Fig. § is rather small (only 15 pairs
of values) and contains many more westerlywinds
(9 than easterly winds (3). the three others being
zero winds, So. the correlation may have been
accidental, From_the 15 dates chosen by Reddy
(1977). 6.are the same as the IMD dates. 4 are later
{by 4. 3. 8 and 1 dday) and 5 are earlier (by 11, 1. 25,
33 and 12 days), It is likely that Reddy chose the
first signs of rainfall rather than the dates of firm
establishment of the southwest monsoon rainfall
which may occur later. If so, the zonal wind may
be better related to the first signs of rainfall, meagre
or otherwise. To investigate this relationship
further. Fig. 6 shows a plot of IMD monsoon onset
dates (Table 2) -versus zonal winds (right half of
Table 2) for the months of March. April. May and
June separately for 1951-1987. The scatter is large
in all the cases and the 37 points are distributed
almost equally in all the four quadrants. The circled
numbers represent data pairs in the respective
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Fig. 4.
i Canlon. Sigapdre unil Gan near thésequator’

quadeants. Thus’ no felationship is indicated.
Similar plots (or the monsoon onsct dates for north:
Kerala and south Kerala and also for zonal winds
for the months March-June separately showed 2
large scatter and she points weve alrivost equally dis-
tributed in all the four quadrants. Thus: no
relationship is indicated. I would thus seem tha
neither the monsoon onset dates far north or south
Kerala. nor'those for Kerala-as a~whole given by
IMD. are anyway rtélated to the 50 hPa monthly
mean equatorial‘zontal winds for any of the four
months March-Tune. The correlation earlier repor-
ted by Reddy (1977) for'the limited period 1961-1975
for the 50 hPa zonal winds for the month of May ai
Singapore was either aécidental or was ‘related to
some special procedure of onset date selection uscd
by’ Reddy. ‘probably - the first signs of rainfai:
meagre or otherwisé.” -

Are the zonal winds related to the total rainfall ?
The last column in'Table 2 gives tlie percentage
deviations from mean for the all India-summer
monsoon rainfall (average from 29 sub-divisions:
Parthasavathy er o/ 1990). Fig. 7 shows a-plot of the
same versus the zonal wind velocities in Maich-
June. The circled numbers represent data pairs in
the respective quadtrants. In almost all the plots. the

Time series for the morthly mean 50 hPa zonal wind velocilies {ms™') averaged from four statiois: viz. Balboa,

fa

+ gop b5 5TESYE REDeY ety 1 - g :
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[~
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Fig. 5 Kerala W mdnsoou tiiget dates versus 50 hPa equatorial
- zonal Wind- velocities {ms™ 1y for the month of May fot
the phriod 19611915

37 points ‘Ave ‘almost equally divided' in- the four
quadrants.excepting forJune where there isa slight
bias for excess rainlall to.be associated with westerly
wihds and droughts 10 ‘be associated with éasteily
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TARLE 2
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1973 -3 ~b -8 3w I3 W W SW +7
1974 -8 -8 -3 TE o oW 0w -12
1975 " 0 A N IW - 6F . ME 15E +13
196 -1 o T . Hnw o ow o 12wW nw 0
1977 N, - Ar 7 WE 138 - 1E +3
ISTR -4 =2 - W - . W 0w - QW +7
1979 =11 Y = 12E B RW ww -17
1980 0 D P W AW SE . ISE +4
1981 - - e - TW L, 9w 12w nw ]
1982 - v - BnE  NE  17E 2 ME - 14
1983 - - ; - W BIw Hw . 15W +12
1984 — e Yy — SISE MWE 8E 3w -3
1ORs - - - TW . 8W- ew " [ -9
1986 - i i - ER A 1) 3w 5 12w -13
1987 - - — ME_  XE . ITE - RE ~18

1 May — ~¥F 31 May = 00 30 Junc

«30; SK = Sowh Kerala, NK = North Kemla.l.iMD...; Whole Kerala,

W = Westerfy: E = Eastedy,’

winds. However. June istoo late 1o be useful for
predictions as the ménsoon has -alréady started
by then.

5. Discossion and conclusion

A maximum cntropy spectral analysiszof the
time series for the onset dates of qouthwest’ mon-
soon over south Kerala, north Kerala‘a$aise fof the-
IMD series for whole Kerala showed several
periodicitics elgmr'uuu al,a 2o apriori level and
some at a 36 apriori level. However. many of these

were in the QBO region (I = 2-3 years). Their net
cffect was equivalent to a random component and
meaninglul predictions were not possible. Observed
values could deviate from the expected values
within +5 days in 66% cases and within £10 days in
95% cases. Whether ‘these limits are still good

.enough far sofe planning purposes (agricultural or

othérwise) is a inoot question. If not. other methods
of prediction need to be explored. Since a major fea-
ture of the periodicities is the QBO. a detailed study
of atmospheric QBO and its refationship with the
ntonsoonn onset dates was carried out. Reddy (1977)
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hiad indicated that the monsoon onset dates at
Kerala were related to the phasc of the 50 hPa zonal
winds at Singapore prior 10 the monsoon onset.
Thus. when the Singapore 50 hPa winds were cas-
tetlies in the month of May. the Kerala monsoon
onset was later than the normal date (31 May) and.
when the winds were westerlics, the monsoon onsel
was catlier than normal, Our analysis did not con-
firm these findings. No relationship was indicalcd.
Kung and Sharif (1980. 1982) aticmpted forecastling
of mansoon onsel dales using regression relations
ships with five antecedent upper air parameters and
seit surface iemperatures and veparted very close fit-
ting for the period 1938-1977. Such atempls werc
mavde carlier also daring carly (ifties. Ramdas er al,
{1934y uzed a regression model with 4 parameters.
viz.. Seyehelles rain, mean west winds over Apra at 3
km.pressure difference between Cochin and Jaipur
and south Rhodesian rain and obtained a muliiple
corrclation cocflicient of only +0.56. Since then.
IMD has developed successive multiple regression
moxlels {e.g. Das 1986) which scem to give mousoon
onsel dale forecasts generally close to actual onsel
dates with multiple correlation cocfficients as high
as +0.96 (Thapliyat 1992). The posentialitics of these
methads and their limitations need to be (urthee
expiored. Also. as pointed out by Ananthakrishnan
and Soman (1988). il is necessary to distinguish
clearly between pre-monsoon thunderstiorm rains
and the monsoan rainfall over Kerala. Otherwisc.
some features like the mean onsct dates could be
determioed erroncously (Subramayya and Bhanu-
kumar 1978, Subramayya er af. 1984), On the other
hand. it may as well be that the zonal wind
relationship is with the pre-monsoon thunderstorm
rains rather than with (he main monsoon rainfail.
This needs futher exploration. Recenily, Joseph and
Pillai {1988) have shown that the peak rainfall dur-
ing | March-30 May in Indian sub-divisions south
ol 13°N occurs ~6 wecks before the anset of Tadian
summcer monsoon (TMD dates). Thus, predictions
with an antecedence of ~6 weeks may be possible.
with an cerror of 3.9 days. This 100 nceds
further exploration,
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