MAUSAM, 50, | (January 1999), 43-54

551.577.33:551.526.6 : 551.513.7

Periodicities and ENSO relationships of the seasonal precipitation over
six major sub-divisions of India

R.P. KANE
Instituto Nacional de Pesquisas Espacias-INPE,
Caixa Postal 515, 12201-970 - Sdo José dos Campos, SP. Brazil
(Received 17 March 1997, Modified 23 June 1998)

AR— WA & B: FHEdl &= satl qfved (3. 9.), I 99 (2. 7.), Iai @@ (3. g.), afved
gAY (9. W1.), & WEE (. w1.), el s (2. 1) @ 9ar 9o smE (5. 9) @
Hrorem qmgA (-faaan) ast &1 omwes & % oo dees ot fe1996 & 1848 & 1995
% (148 a¥) &I F9AETYy & Wage fAseww & &, 41 3. o #g. 3. 3. & (2- 3 ad am
3-4 qd) ¥ wEayel smafda qo SEa svafiar & g g &, G & gu it &= § o S
a7 ¥ | uw. P Rl e dedi & sregms w9 & fero et @ e aitero e
3. 4. WA qY1 HER™ 3. OF. UH. 3. s&Y, (i Heiet ad & 49 F sl wE-ovvd &) sigmt
ud. B faemms an @an a. & ond. geew of um, v, &1, sifasmas ar) @y 9 demeE
qgA Fui & A g@ A sratte gwfad e a9 o () gz ag @ dew w5 g
& geNel & q9u #, aRomw Sffvaa & qar aui 7 89 & @ § 5 pRean gafus auf g |

ABSTRACT. A spectral analysis of the 1848-1995 (148 year) time series of Sontakke and Singh (1996) representing
estimates of summer monsoon (June-September) precipitation amounts over six homogeneous zones (Northwest NW,
Northcentral NC. Northeast NE, West Peninsular WP, East Peninsular EP, South Peninsular SP) and the whole of India (Al)
revealed significant periodicities in the QBO and QTO regions (2-3 years and 3-4 years) as also higher periodicities, some
common to all zones. To study the ENSO relationship, a finer classification of years was adopted. For the All India summer
monsoon rainfall as also for all the zones except NE, Unambiguous ENSOW (where EI Nino existed and SOI minima and
SST maxima were in the middle of the calendar year i.e., May-August), were overwhelmingly associated with droughts and
the cold (C) events were associated with floods. For other types of events, the results were uncertain and a few extreme rainfalls

occurred even dunng some Non-events.
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1. Introduction

The annual precipitation in different parts of India is
highly variable. The normal seasonal rainfall is as high as
2800 mm in coastal Karnataka and as low as 260 mm in west
Rajasthan, while the coefficients of variations are as high as
44% in Saurashtra and Kutch and as low as 12% in north
Assam. Trends and periodicities have been studied by many
workers since long (Mooley and Parthasarathy 1984) and
are different in different parts of India. In recent years,
considerable effort has been made to produce homogeneous
series. Parthasarathy er al. (1987, 1992) produced long time
monsoon rainfall series for 29 meteorological sub-divisions
of India and Kane (1995) reported results for the peri-
odicities (particularly the Quasi-biennial and Quasi-trien-
nial oscillations) in these series and their ENSO relationship.
Recently, Sontakke and Singh (1996) divided India into an
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optimum six zones: NW, NC, NE, WP, EP, SP (Fig.1) and
presented summer monsoon (months June-September) rain-
fall series for periods extending way back to the early part
of the 19th century, while Singh and Sontakke (1996) pre-
sented similar series for other seasons also (JF = January,
February; MAM = March, April, May; JJAS = June, July,
August, September; OND = October, November, December
and annual ). In this communication, the results of a study
of the periodicities and ENSO relationships of these series
are reported. The periodicities are obtained by a Maximum
Entropy Spectral Analysis and ENSO relationships are stud-
ied using a finer classification of EI Nino years.

2. Data

Table 1 gives the details of the various data series. As
can be seen, about 70-90% of the rainfall occurs mostly in
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TABLE 1
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The mean rainfalls and their standard deviations for the Indian zones northwest (NW), north central (NC), northeast (NE), west
peninsular(WP), east peninsular (EP), south peninsular (SP) and all India (AL) for the months JF, MAM, JJAS, OND and

Annual

Region Period JF MAM JJAS OND Annual
NW 1844-1994 2614 2616 698+129 3529 784+138
NC 1842-1994 3723 6630 1037132 79451 12184152
NE 1829-1994 41+21 43182 1507126 17070 2150172
WP 1841-1994 9+10 55+31 925+166 107+53 1095188
EP 1848-1994 21£19 81441 8424108 204181 1147£152
SP 1813-1994 24%20 204466 918+138 395106 1541+174
Al 1813-1994 27£13 903490 12535 1153+107
the summer monsoon (JJAS) months. However, for NE, 36N = ]
substantial rainfall (20%) occurs in the pre-monsoon months - —
(MAM) and for EP and SP, 18% and 25% occur in the 37 N —
post-monsoon months (OND). The analysis was carried out p— 7]
for the period 1848-1995 (148 years), common to all the & R -

2 -_— ——

zones.

3. Results and discussion
3.1. Interannual variability plots

Fig.2 shows a plot of the various summer monsoon
(JJAS) series. An obvious feature is the rapid oscillations,
indicating QBO and QTO (Quasi-biennial and Quasi-trien-
nial oscillations). However, these are irregular and transient,
very prominent during some intervals (not necessarily the
same for all the zones), and almost absent in others. When
these are minimised by obtaining running averages over 11
years, the superposed thick lines show large period cyclic
variations. In Fig.2, years of rainfall extremes are indicated
and are generally different for the different zones, indicating
non-simultaneity. Nevertheless, some features are common
and show in the average, represented by the All India
summer monsoon rainfall (bottom plot). Two extremes
often cited are the 1877-78 and 1917-18 events of large
opposite extremes in two successive years.

3.2. Periodicities

The JJAS values shown in Fig.2 have considerable
year-to-year variations, some quasibiennial. To decipher the
periodicities involved, a power spectrum analysis was con-
ducted, by using MESA (Maximum Entropy Spectral
Analysis, Burg 1967, Ulrych and Bishop, 1975), which
detects periodicities much more accurately than the conven-
tional BT (Blackman and Tukey, 1958) method. Similar to
the parameter lag m in BT, MESA has a parameter called
LPEF (Length of the Prediction Error Filter), which can be
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Fig.1. Map of India showing six major zones, (1) Northwest NW, (2)
Northcentral NC, (3) Northeast NE, (4) West peninsular WP, (5)
East Peninsular EP, (6) South Peninsular SP, selected by Son-
takke and Singh (1996)

chosen. With low LPEF, only low periodicities are resolved.
Larger LPEF resolve larger periodicities, even those ap-
proaching the data length, but the errors are larger and low
periodicities show peak-splitting. An LPEF of ~50% of the
data length is generally adequate and was used in the present
analysis.

MESA has a drawback viz, the power estimates are not
reliable (Kane and Trivedi, 1982). Hence, MESA was used
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Fig2. Summer monsoon (JJAS) precipitation (mm) for NW, NC, NE, WP, EP, SP and All India Al The thick lines are 11-year running means. Numbers

indicate years of extreme rainfall

only to identify the possible periodicities T, which were
then used in the expression :

n
fO=A, + Y, [asin@ner,) + by cos2mir,)] + E
k=1

n
=Ay+ Y, [r, sin 2nvr, +6,) ) +E (1
k=1

where, f{1) is the observed series and E the error factor.
A Multiple Regression Analysis (MRA) (Bevington 1969)
was then carried out to obtain the best estimates of Ao, (ak, bx)
and their standard errors, by a least-square fit. From these,
ri and their standard error ¢ (common for all r in this

methodology) can be calculated and any rx exceeding 26
would be significant at a 95% (a priori) confidence level.

Fig.3 show the amplitudes of the various periodicities
detected by MESA in the time series shown in Fig.2.
Fig.3(a) refers to the analysis of the JJAS values (one value
per year). The hatched portion marks the 2 limit and as can
be seen, some periodicities stand out above this limit, in all
the zones. There are peaks in the QBO region (2-3 years) in
all the zones, reflecting the almost alternate year ups and
downs in the plots in Fig.2. However, the number of peaks
is large, indicating either rapdomness or transiency. There
are peaks in the QTO regii)n (3-4 years) and larger peri-
odicities also, some common to more than one zone and
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(a) Spectra of JJAS Values 1848 - 1995 (148 Yeors) (b) Spectra of 1l Year Means 1853 -1990 (138 Years)
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Fig.3. Amplitudes of the periodicities detected by a Maximum Entropy Spectral Analysis of the NW, NC, NE, WP, EP, SP and Al series of summer

monsoon rainfall (JJAS) using (a) Yearly values 1848-1995 and (b) 11-year running means 1853-1990. The hatched portions indicate the 25 limits

hence, reflected in the series of all India (bottom plot).
Curiously, there are no peaks near sunspot cycle (11 years),
though peaks in the 9.0-10.5 year and 12-13 year range are
seen, some very prominent, In some plots, there are signifi-
cant peaks at 22-23 years, the Hale magnetic solar cycle
carlier reported by Bhalme and Mooley (1981). There are
still higher periodicities; but these can be studied better in
the 11-year running mean series spectra shown in Fig.3(b).
The first plot for NW shows a 74 year periodicily, seen in
WP also. The NC and EP series show a 56-57 year peak. In
the All India series, all these seem 1o have merged to give a
significant peak at 69 years. The NE series has a peak at 41
years and the SP series at 47 years: but none of the other
series not the All India series show a peak in this range. All
series except SP show peaks in the range 28-35 years, which
is reflected in the all India series as a significant peak at 32
years.

To check the stability of these larger periodicities, the
whole period 1853-1990 for the 1 1-year running means was
divided into two equal portions. Fig.4 shows the spectra for
(a) 1853-1921 and (b) 1922-1990, each for 69 years. Both
(a) and (b) show peaks in the 17-20 year range for NW, NC,
NE, SP and these are reflected as 20-21 year peaks (Hale
magnetic cycle?) in the All India spectra at the bottom. The

NW, NC, EP, SP series have peaks at 28-30 years in the first
half (a); but the All India series does not show this peak.
Also, the second half (b) does not show this peak, indicating
its transient nature. The second half (b) shows peaks at 24-26
years for NE, WP, EP, not reflected in the All India spectra.
Peaks in the range 41-58 years are seen in both halves in
most of the zones and are reflected as a 41 year peak in the
first half and a 44 year peak in the second half of the All
India series. Thus, some peaks are fairly stable.

To check the stability of the smaller periodicities, the
whole period 1848-1995 for the JJAS values was divided
into three portions (a) 1848-1897 (50 years), (b) 1898-1946
(49 years), (c) 1947-1995 (49 years). Fig.5 shows the spec-
tra. The QBO and QTO are now prominent but not equally
in all the series. Thus, in Fig.5(a), peaks near 2.90 years are
very prominent in NW, WP, EP but are absent in the other
series as also in the All India series. Peaks in the 4-5 years
range are present in almost all series and All India spectra
show significant peaks at 4.0 and 4.3 years. Some series
show 6.0 year peak while some others show peak near 9.5
years and EP, SP show a barely significant | 1.5 year peak
(solar cycle?) not reflected in the All India spectra. NC
shows a peak at 22 years, NE at 17 years and EP at 34 years,
In Fig.5(b), the patterns are very different. There are various
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Spectra of ll-Year Running Means

(a) 1853 -1921 (69 Years)

(b) 1922-1990 (69 Years)
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Fig4. Amplitudes of the periodicities detected by a Maximum Entropy Spectral Analysis of the NW, NC, NE. WP, EP, SP and Al 11-year running means
of the summer monsoon (JJAS) precipitation series for (a) 1853-1921 (69 years) and (b) 1922-1990 (59 years). The hatched portions represent the

20 limits

peaks in the QBO region and these are reflected as signifi-
cant peaks at 2.13 and 2.36 years in the All India spectra. (In
this region, MESA is very accurate and can distinguish these
two as separate peaks). There are several peaks in the QTO
and higher ranges in the various series; but these are irregu-
lar and scattered and the average shows only a barely sig-
nificant peak at 7.3 years in the All India spectra. NC, NE,
WP, EP, SP show peaks at 22, 18, 20, 22, 19 years but these
are not coherent enough to give a significant peak in the All
India series. Fig.5(c) shows fewer significant peaks. Some
are common enough to give significant peaks in the All India
spectraat2.42,2.78 years (in the QBO region) and 6.9 years.
In the high periodicity region, NW, NC, NE, WP, EP, SP
have peaks at 17, 19, 21, 24, 28, 17 years, which add up to
give apeak at 18 years in the All India spectra. The All India
spectra for the three intervals (a), (b), (c) are not similar.

Two atmospheric parameters viz, stratospheric low lati-
tude zonal winds and the ENSO indices are known to have
QBO and/or QTO. For the 50 mb zonal wind (Pawson et al.,
1993), data are available only for the recent 45 years. The

wind has one prominent peak at 2.35 years, a smaller (half
size) peak at 2.68 years and still smaller peaks at 2.12 and
3.0 years. These match only roughly with the All India
precipitation peaks of Fig.5(c). Earlier, relationships have
been reported between precipitation and phases of the strato-
spheric winds (Mukherjee et al., 1985, Kane, 1995). But, by
and large, the relationship seems to be rather weak. The
Southern Oscillation Index represented by Tahiti minus
Darwin mean sea-level atmospheric pressure difference (T-
D and the equatorial eastern Pacific sea-surface temperature
SST have very similar spectra (both are representative of the
ENSO phenomenon), with a most prominent peak at 4.8
years, a subsidiary peak near 3.5 years, and smaller peaks in
the QBO region as also higher periodicities. Some of these
match with some peaks in the precipitation spectra, indicat-
ing some ENSO relationship. However, this is studied in
detail in the next section.

3.3. ENSO relationship with a finer classification

Various studies (Rasmusson and Carpenter, 1983, Ro-
pelewski and Halpert, 1987) mention that ENSO events are
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Fig.5.

Amplitudes of the periodicities detected by a Maximum Entropy Spectral Analysis of the NW, NC, NE, WP, EP, SP and Al summer monsoon

(JJAS) precipitation series for (a) 1848-1897 (50 Years). (b) 1898-1946 (49 years), (c) 1947-1995 (49 years). The hatched portions represent the

20 limits

associated with discrete precipitation patterns in India and
other regions of the globe. However, not all ENSO events
show similar effects. Also, different workers do not always
select the same years as ENSO events, as shown later for the
selections of Rasmusson and Carpenter (1983). Kiladis and
Diaz (1989) and Mooley and Paolino (1989). Recently, a
finer classification of ENSO events has been proposed
which seems to show improved relationships with droughts
in All India summer monsoon and Australia (Kane 1997
a,b). The precipitation records of the six Indian zones were
examined to see if any improved relationships can be ob-
tained.

The term ENSO is used nowadays for the general
phenomenon of the Walker circulation. However, in the
classification, here, its components EN, SO are used in their
literal sense. Thus, every year was examined to check
whether it had an El Nino EN (as listed in Quinn et al., 1978,
1987), and/or Southern Oscillation Index SOI minimum
(SO) and/or warm (W) or cold (C) equatorial eastern Pacific
sea surface temperatures (SST). Several years had ENSOW
i.e., El Nino existed and SOI had minima and Pacific SST
were warm. These were subdivided into two groups viz.,

Unambiguous ENSOW where El Nino existed and the SOI
minima and SST maxima were in the middle of the calendar
year (May-August) and Ambiguous ENSOW where El Nino
existed, but the SOI minima and SST maxima were in the
early or later part of the calendar year, not in the middle.
Besides these, there were other years having El Nino of the
type ENSO(SOI minima existed but SST was neither warm
nor cold, just normal), ENW, ENC (SOI minima, did not
exist but SST was warm W or cold C) or just EN (i.e., only
El Nino, no SOI minima, no SST maxima or minima). Other
years did not have an El Nino and were of the types SOW,
SOC, SO, W, C where the last category C contains all
Anti-El Ninos or La Ninas. Years and falling into any of
these categories are termed as Non-events. We have this
classification ready for all years from 1871 onwards upto
1992,

Table 2 shows the summer monsoon rainfall status of
the six zonal series for (a) Unambiguous ENSOW years (b)
Ambiguous ENSOW years and (c) Years of other types of
El Ninos (ENSO, ENW, ENC, EN). The symbols S (strong),
M (moderate), W (weak) indicate the strength of the El Nino
involved. The columns 1-6 show the rainfall status for the
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TABLE 2
Rainfall status during El Nino years of various types I and 11 indicate first and second years of double events (El Ninos in two
consecutive years). The symbols + and - indicate positive and negative deviations within 0 and &, while triangles (positive) and
circles (negative) represent deviations exceeding o

49

JJAS

wp EP

JJAS

MAM

8

NE

S 1877 1 RKP
S 1888 KP
M 1896 RKP
S 1899 RKP
M 1902 RKP
MI9SRP
S 1911 RKP
S 1918 [ RKP
M 1930 I RKP
S1941lIRP
M 1951 RKP
S 1957 | RKP
M 1965 RKP
S 1972 1 RKP
M 1976 RKP
S 19821 KP
M 1987

17 events
Dev. Positive

Dev. Negative

SI8781IP
M 1914 R
M 191911

M 1923 RK

(a) Unambiguous ENSOW
(8] (0]

o}

1
16

(b) Ambiguous ENSOW
A

A
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TABLE 2 (Contd.)

JIAS JIAS MAM
1 2 3 - o] 6 7 8 9 10

NwW NC NE WP EP SP Al NE EPr SP
S 19251 RKP + 0 A - A + +
S192611 + + - - + + 0 0
M 1931 1K - + + + A +
S19401P - - A + - + 2 A
W 1948 P - A + - + A + -
M 1953 RK A - - + + . + + +
S195811 A (o] A - - + + A -
W 1963 KP + + + + + - + -
W 1969 RKP + - - + + +
S198311P + - A + A A - - -
M 1991 | - + A A A + +
M 199211 0 0] A A 0 - +
16 events
Dev. Positive 9 6 5 1 10 11 10 7 11 9
Dev. Negative 7 10 11 ] 6 5 6 9 5 7

(c) Other El Ninos

S 1871 ENSO + A 0 (0] - + + 0] -
W 1873 ENSO - o} 0 0 - 0 0 + -
M 880 ENSO RK - - - - + + +
S 1891 ENSO RK + 0 - - (0] + 0] +
S 1900 ENSO P + + + - + 0 (6]
S 1912 ENSO - + + - + - +
6 events
Dev. Positive 4 1 2 1 3 2 2 4 2 3
Dev. Negative 2 5 4 5 3 4 4 2 4 3
S 1884 ENW RK A + 0O + - 0 + + A
| event
Dev. Positive I | 0 | | 0 1 I 0 I
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TABLE 2 (Contd.)

JJIAS JIAS MAM OND
| 2 3 4 5 6 ? 8 9 10

NW NC NE WP EP SP Al NE EP SP
Dev. Negative 0 0 1 0 0 I 0 0 0 1
M I897 EN P - + - + A + - - 0
S 1932 EN RK - 0 - + + + A
M 1939 EN RKP (o) + + - - - 0 A +
M 1943 EN - . - + - + A - A
4 events
Dev. Positive 0 3 1 2 | | 2 2 2 3
Dev. Negative 4 1 3 2 3 3 2 2 2 |
ENSO, ENW, EN
Dev. Positive 5 5 3 4 5 3 5 7 4 7
Dev. Negative 6 6 8 7 6 8 6 - 7 4
M 1874 ENC P + A - + + A A + + "
M 1887 ENCR A - - A - + + - A
M 1889 ENC P - + + + A A + - A
M 1907 ENC 0 0 2 + + o : o .
S 1917 ENC A + + + + + A (0] A +
S 1973 ENC KP A + - + + i + =
6 events
Dev. Positive 5 4 2 6 4 4 ] 3 4 2
Dev. Negative 1 2 B 0 2 2 1 3 2 -4

six zones (NW, NC, NE, WP, EP, SP) and column 7 repre-
sents All India rainfall (AI). Columns 8,9,10 represent the
MAM series of NE and OND series of EP and SP. For each
one of these series, deviations from the series mean were
expressed as fractions of the standard deviation of the series
and in these normalized series, positive and negative devia-
tions within 0 to ¢ were designated as (+, -) and those
exceeding ¢ were designated by triangles (positive) and
circles (negative). The following may be noted:

(1) From the 17 Unambiguous ENSOW years (Table
2a), Al shows negative deviations (- and circles) for 16

events, a very good association with droughts. It is gratify-
ing to note that most of these events were chosen by Ras-
musson and Carpenter (1983), Kiladis and Diaz (1989) and
Mooley and Paolino (1989) (henceforth designated as
R,K,P, respectively for warm events and K, P for cold
events) as warm events. The bottom rows of Table 2(a) show
the number of positive (+ and triangles) and negative (- and
circles) deviations. The NW and WP have similar numbers,
indicating that these zones also have equally good associa-
tion with droughts. To a lesser extent, NC (4+, 13-) and SP
(3+, 14-) are also associated with droughts. In contrast, NE
(8+.,9-) has a mixed performance, indicating poor relation-




52 MAUSAM, 50, 1 (January 1999)

ship. Some workers (Singh er al., 1992) have mentioned
that the summer monsoon fluctuations over the northwest
(NW) and northeast (NE) are negatively correlated. How-
ever, the relationship does not seem to be that simple. (A
detailed comparison is given later). In case of EP (OND)
(post-monsoon, column 9), the associationship of droughts
with El Ninos is partial (5+, 12-), not as good as for EP
(JJAS) (2+, 15-). Also, for 10 events, EP (JJAS) and EP
(OND) had similar signs while for 7 events, these had
opposite signs. Thus, the monsoon and post-monsoon rain-
falls in EP are not well correlated and among these, EP
(JJAS) droughts are better associated with the Un ambiguous
ENSOW. In case of SP (OND) (post- monsoon, column
10), the association of droughts with EI Ninos of this group
is poor (10+, 7-), not as good as for SP (JJAS) (3+, 14-).
Also, for 6 events, SP (JJAS) and SP (OND) had similar
signs while for 11 events, these had opposite signs. Thus,
the monsoon and post-monsoon rainfalls in SP are not well
correlated and are somewhat anti-correlated. In their ENSO
studies of various regions of the globe, Ropelewski and
Halpert (1987) showed that during El Nino years, All India
(excluding SP) JJAS rainfall and droughts and Minicoy-Sri
Lanka OND rainfall was excess. In our case, JJAS rainfall
in SP seems to follow the All India pattern (droughts); but
OND rainfall in SP is mixed, partly like All India droughts)
and partly like Minicoy-Sri Lanka (excess rain).

Table 2(b) refers to Ambiguous ENSOW. Al shows
mixed results, in fact, slightly opposite results, viz., a slight
bias for excess rains (10+, 6-). Among the El Nino events,
some are double events i.e., occurring in two successive
years. These are marked as I and II in Table 2 and most of
the second years appear as Ambiguous events and gave
excess rains (instead of droughts) for AI. While selecting El
Nino events for analysis, R, K, P did not consider these
second year events as warm events. Instead, some of these
were considered as cold events (1878, 1983 as P, 193] as
K). For the series WP, EP, SP, the results (11+, 5-; 10+, 6-;
11+, 5-) are similar to those for All India. For NW, results
are mixed (9+, 7-) while for NC and NE, results are opposite
(6+, 10- ; 5+, 11-).

Table 2(c) refers to other types of El Ninos. From the
17 events, 6 are ENSO, one is ENW, 4 are EN and 6 are
ENC. The 11 events ENSO, ENW and EN are all expected
to be associated with droughts.-From these, only 1939 EN
was selected by all (R, K, P) as a warm event. The ENSO of
1880, 1891, the ENW of 1884 and the EN of 1932 were
selected as warm events by R, K only. The ENSO of 1900,
the EN of 1897 and the ENC of 1874, 1889 were selected
as cold events by P. For Al the results are mixed, 5 positive
and 6 negative deviations. For NW, NC, EP also, similar
(5+, 6-) results are obtained; but NE and SP (3+, 8-) and WP
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Fig.6.  Plots of the summer monsoon rainfalls of Indian Northeast NE
versus Northwest NW for years of (a) Unambiguous ENSOW,
(b) Ambiguous ENSOW, (c) Other types of El Nino years ENSO,
EN, ENW, ENC, (d) Years of the type SOW, W, SO, SOC, (e}
Non-events, (f) Cold C events. The vertical and horizontal lines
represent overall mean rainfalls, about 1500 mm for NE and 690
mm for NW

(4+, 7-) show a bias for negative deviations. For the 6 ENC
events, EN is expected to yield droughts while C is expected
to yield floods. Thus, the two would neutralise each other
and normal rainfall would be expected. Instead, Al and NW
(5+, 1-), WP (6+, 0-) and NC, EP, SP (4+, 2-) show biases
for excess rains, indicating that C proved overwhelming. For
NE (2+, 4-), the results were opposite.

Summarising, for the precipitation in all the regions
except NE, the Unambiguous ENSOW type shows a very
good association with droughts, which is reflected in the All
India summer monsoon rainfall also. For the Ambiguous
ENSOW as also for other types of events involving EI
Ninos, the results are mixed. For ENC events, the effect is
generally more of C than of EN,

Tables like Table 2 were made for all other types of
events also but are not shown here. For events not involving
EI Ninos, the general statistics (number of positive and
negative deviations) was as follows. For Al, the 6 SOW
years (1888, 1904, 1913, 1944, 1977, 1979), the 3 W years
(1920, 1968, 1986) and the.3 SO years (1885, 1959, 1974)
showed deviations (24, 4-; 0+, 3-; 2+, 1-) totaling (4+, 8-),
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thus indicating a bias for droughts, as expected, but not
overwhelming. Individually, NW, NC, NE, WP, EP showed
(4+, 8-; 4+, 8- 5+,7-; 34,9-; 3+,9-) i.e., biases for droughts.
But SP showed (7+, 5-), a bias for floods. For the 4 SOC,
Al shows (3+, 1-), (also shown by NC, NE), i.e., a bias for
floods, indicating the effect of C. But WP, EP, SP showed
(2+, 2- ) and NW showed (1+, 3-), indicating effects of EN
also.

In view of these results conforming only partially to the
expected results (droughts when EN, SO, W were present
and floods when C was present), it would be interesting to
check the results for non-events i.e., when there were no El
Ninos, no SO nor W or C. Table is not shown here. There
were for 22 non-event years, for which only small positive
and negative deviations in roughly equal numbers were
expected. Interestingly, P chose two of these (1876, 1883)
as warm events. In general, the circles and triangles were
fewer and for Al, the numbers were (9+, 13-), almost equal
number of positives and negatives. The largest difference
was for NW (7+, 15-). Thus, biases of this order could occur
due to factors not related to the ENSO phenomenon. Some
striking extreme events were 1876, 1901, 1966 when wide-
spread severe droughts occurred and 1961 when severe
floods occurred. In view of this, only the results for the
Unambiguous ENSOW of Table 2(a) stand out as signifi-
cantly different from randomness.

For C events, representing colder waters of equatorial
eastern Pacific SST (table not shown), for the 35 events. Al
showed (33+, 2-), an overwhelming bias for excess rains. In
the individual regions, the bias for excess rains was there but
not so strong, probably because of complications from local
factors, the worst case being SP (21+, 14-). The year 1928
had widespread droughts.

As mentioned earlier, the summer monsoon rainfall
fluctuations of Northwest NW and Northeast NE are re-
ported to be negatively correlated. When these two were
analysed for 1848-1995, the correlation coefficient turned
out to be -0.11 £ 0.08, negative but very poor. To check the
relationship for the various types of years considered here,
Fig.6 shows plots of the NE summer monsoon rainfall
versus the NW summer monsoon rainfall for (a) Unambigu-
ous ENSOW years (b) Ambiguous ENSOW years, (c) Other
El Nino years (ENSO, EN, ENW, ENC, shown by different
symbols), (d) Years of the type SOW, W, SO, SOC (shown
by different symbols), (¢) Non-events, (f) Cold C events and
the vertical and horizontal lines represent the series overall
means. In Fig. 6(a), NW is mostly below average (left half),
indicating droughts; but NE is both below and above aver-
age. Thus, during these events, monsoon is either inhibited
right from the beginning everywhere, or starts normally in

NE and is prevented from spreading to NW. In Figs.6(b,c,d),
the points are scattered all over and the correlations are
almost zero. Even in Fig.6(e) representing Non-events, NW
and NE are very poorly correlated. In Fig.6(f) for the cold
C events, points seem to be concentrated in the right upper
quadrant, indicating positive deviations (excess rains) for
both NW and NE and a positive correlation is obtained.
Thus, the relationship between the rainfall fluctuations in
NW and NE is generally weak.

4. Conclusions

Using the precipitation data for the six homogeneous
zones (Northwest NW, Northcentral NC, Northeast NE,
West Peninsular WP, East Peninsular EP, South Peninsular
SP) of India and for all India (AI) as given by Sontakke and
Singh (1996), the spectral characteristics and ENSO rela-
tionships were studied in detail, for the period 1848-1995.
All zones showed significant periodicities in the QBO (2-3
years) and QTO (3-4 years) ranges as also higher peri-
odicities, but not similar to each other. Some of these were
fairly stable over the whole period. A finer classification of
EI Nino events showed that events of the Unambiguous
ENSOW type (years when EI Nino existed and the Southern
Oscillation Index minima and equatorial eastern Pacific
sea-surface temperature maxima occured in the middle of
the calendar year, May-Aug.) had a very good association
with droughts in the All India summer monsoon rainfall as
also in most of the zones except NE.
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