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Quasi-Biennial and Quasi-Triennial Oscillations in the Summer Monsoon
Rainfall of the Meteorological Subdivisiens of India
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ABSTRACT

The summer monsoon rainfall time series for 29 subdivisions of India from 1951 to 1991 (41 years) were
subjected to maximum entropy spectral analysis and showed significant periodicities in a wide range, including
quasi-biennial oscillation (QBO 2~3 years) and quasi-triennial oscillation (QTO 3-3.9 years). After filtering
out periodicities of 4.0 years or more, the residual series, considered as representative of QBO and QTO only
for each series, could be separated into 4 categories (viz., category A of 10 subdivisions having only one strong
QBO peak but no QTO, category B of 4 subdivisions having two strong QBO peaks but no QTO, category C
of 4 subdivisions having no strong QBO or QTO, and category D of 11 subdivisions having a strong QTO).
The 50-mb zonal wind showed two strong QBO peaks at 2.33 years (28 m) and 2.75 years
(33 m). A comparison of stratospheric (50 mb) westerly wind and rainfall maxima showed that for many
subdivisions, maximum rainfall was associated with the increasing westerly phase of zonal wind and droughts
were associated with the easterly phase. A loose relationship with El Nifio—~Southern Oscillation was also noticed
for droughts in some subdivisions (mostly western India), and the two effects (50-mb wind and ENSO) seem

to be operating independently of each other.

1. Introduction

In India, a major part of the rainfall (75%-90%)
occurs during summer months (June—September). The
rainfall varies greatly from place to place (400-2800
mm) and the standard deviation of the interannual vari-
ability also varies greatly. A power spectrum analysis
of the time series of the summer monsoon rainfall
(Kane 1990) shows several significant periodicities,
but different at different locations. Among these, one
often encounters quasi-biennial (QBO) and quasi-tri-
ennial (QTO) oscillations (period 2.0-3.9 years). A
QBO in the summer monsoon rainfall in various parts
of India has been reported by several workers [e.g.,
Parthasarathy and Mooley (1978); Rangarajan and
Rao (1978); and references therein]. Using data for a
short period (1971-76), Mukherjee et al. (1979) in-
dicated a possible relationship between QBO phases of
the zonal wind in the lower stratosphere (30 mb) and
the percentage of deviations of summer monsoon rain-
fall of India as a whole. Later, Mukherjee et al. (1985)
used wind data for a longer period (1951-82), divided
the rainfall data into-different latitude regions (north
and south of 20°N, etc.), and showed significant cor-
relations (+0.3 to +0.4). Though statistically signifi-
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cant, these values are rather low and QBO explains
only about 15% of the variability. Recently, Parthas-
arathy et al. (1987, 1992) have published long time
series of monsoon rainfall for 29 subdivisions of India
(Fig. 1). In this communication, we examine specifi-
cally the QBO and QTO of these series and compare
these with the QBO of the 50-mb tropical zonal wind
and QTO of the Southern Oscillation index represented
by the atmospheric sea level pressure difference be-
tween Tahiti and Darwin (T — D).

2. Isolating the QB0 and QTO by using
spectral anaiysis

Every rainfall series (195191, 41 years) was first
subjected to MESA (maximum entropy spectral anal-
ysis) (Ulrych and Bishop 1975), which yields perio-
dicities very accurately, especially in the low periodic-
ity region. The inaccuracy is +2% for periodicities up
to about half of the data length. For larger periodicities
approaching the data length, the inaccuracy could be
as large as +=20% (Chen and Stegan 1974). But the
method does detect such large periodicities while con-
ventional methods like Blackman and Tukey (1958)
show broad, flat spectra in this range. However, the
amplitude estimates in MESA are not reliable (Kane
1977, Kane and Trivedi 1982). Hence, we used MESA
only for locating possible peaks T, (k = 1-n) and then
used these T in the expression
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FiG. 1. Latest meteorological subdivisions of contiguous India. Full
circles represent the presence of a QBO and triangles represent the
presence of a QTO.
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where f(¢) is the observed time series and E is an error
factor. An MRA (multiple regression analysis) (Bev-
ington 1969) was then carried out, which yielded the
best statistical estimates (by the method of least-
squares fit) of the parameters Ao, a,, and b,. Their stan-
dard errors were also obtained by the method of resid-
uals and were the same for all a,, b,. From these, the
parameters r,, ¢, and their standard errors (same for
all r,) were calculated. A priori, every r, exceeding 20,
is significant at a 95% confidence level. Every ampli-
tude r, accounts for a percentage variance 50ri/c?
where o2 is the variance of the series f(¢). This method
has been tested with artificial samples and yields very
accurate results (Kane 1977, 1979; Kane and Trivedi
1982).

Table 1 shows the periodicities that were significant
at a 20, a priori level for the rainfall series of the 29
subdivisions from 1951 to 1991. These values are
slightly different from those given in Kane (1990),
which referred to a longer series (1871-1970). Here,
we are restricted to 41 recent years only, since the 50-
mb wind data (Venne and Dartt 1990) are available to
us only from 1951 onward. In Table 1, the following
may be noted:
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1) Almost all of the series show significant perio-
dicities in more than one spectral range. Some of these
are significant at a 30, level and some even at a 40,
level.

2) The periodicities are not the same, even in nearby
subdivisions.

3) In the larger periodicity regions, some occur fre-
quently, [e.g., 4.7-4.8 years, 11-12 years (solar cy-
cle), 20-23 years (Hale magnetic cycle)]. However,
these will not be studied in this paper.

4) In the QBO region (2.0-2.9 years), almost all
subdivisions show periodicities significant at a 2o,
level and sometimes with even larger significance (ex-
ceptions are subdivisions 14, 23, 29, and 33 where no
significant QBO is observed). However, at other lo-
cations, the QBOs are not similar. Some have only one
strong peak while others have two peaks. The bottom
part of Table 1 gives periodicities for the four-station,
average monthly mean 50-mb zonal winds at Gan, Bal-
boa, Singapore, and Canton (Venne and Dartt 1990,
updated) and shows only two strong peaks, namely, a
very prominent peak at 2.33 years (28 months, ampli-
tude 8 m s') and a comparatively smaller peak at 2.75
years (33 months, amplitude 5 m s™'). Some subdi-
visions do seem to have two peaks very near these two
peaks of 50-mb wind. Incidentally, even though annual
values are used for rainfall series, MESA is capable of
distinguishing between such pairs of QBO peaks if they
exist. This has been tested by using artificial samples.

5) Many locations show significant peaks in the
QTO region (3.0-3.9 years). This may be indicative
of a possible connection with the phenomenon of El
Nifio, warm water episodes along the Peru—Equador
coast, which occur with a frequency of about 2-5
years. El Nifio is intimately connected with SO (South-
ern Oscillation), represented by the sea level atmo-
spheric pressure difference between Tahiti (T) (18°S,
150°W) and Darwin (D) (12°S, 131°E). Lowest values
of (T — D) coincide with El Nino occurrences. A
power spectrum of the time series of 12-month running
averages of (T — D) from 1951 to 1991 gave perio-
dicities T = 2.60, 3.6, 5.3, 10, and 17 years (Table 1,
bottom), but 7 = 3.6 is most prominent and may be
related to similar peaks in the Indian rainfall data, at
least for some regions as outlined in an earlier com-
munication (Kane 1990).

To isolate the QBO and QTO, the (a,, b;) of periodic-
ities of 4.0 and larger years were added and the series
so obtained was subtracted from the original series.
This is our high-pass filtering. The residuals should
now contain only peaks in the QBO and QTO regions
(2.0-3.9 years). These series (41 values) were then
correlated with the 50-mb wind series for DJF (Decem-
ber—February), MAM (March—May), JJA (June-
August), and SON (September—November) sepa-
rately. Thus, each of the 29 divisional rainfall series
gave four correlation coefficients as given in Table 1.
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As can be seen, positive correlations reaching up to
+0.45 = 0.12 are seen for some subdivisions for JJA
and SON months (i.e., during and after the monsoon
months) and, hence, do not have any prediction poten-
tial. In DJF and MAM months, correlations are low.

3. Geographical distribution of rainfall QBO and
QTO and phase relationship with wind QBO

As mentioned by Mukherjee et al. (1985), the intra-
seasonal rainfall fluctuations of the Indian monsoon are
due to the north—south fluctuations of the axis of the
monsoon trough, which normally passes through north-
western India in the west and the Gangetic Valley in
the east. Hence, in their analysis, they combined data
for different regions as (1) north of 20°N, (ii) south of
20°N, (iii) south of 15°N, and (iv) Himalayan foothills
(north of 25°N) but found low correlations (+0.25 to
+0.42) with the wind data for all of these regions. From
our spectra in Table 1, the subdivisions can be divided
into four major categories, with respect to QBO and
QTO, as follows:

category A: No QTO peak but only one strong QBO
peak for 10 subdivisions largely in the western part of
India.

category B: No QTO peak but two distinct QBO
peaks for four subdivisions (viz., 7, 26, 30, and 32).

category C: No prominent QBO or QTO peaks for
four subdivisions (viz., 14, 23, 29, and 33).

category D: Significant QTO peaks, mostly associ-
ated with QBO peaks also for 11 subdivisions, largely
in the eastern part of India.

In Fig. 1, full circles represent the presence of a strong
QBO and triangles represent the presence of a QTO.
Figure 2a shows a plot of the rainfall series (one value
per year) for category A (one QBO, no QTO) of sub-
divisions. The top plot is for East Uttar Pradesh (num-
ber 10). The series showed only one prominent QBO
peak at T = 2.29 years. The full dots mark the rainfall
maxima. Plots for other category A subdivisions fol-
low, and at the bottom we show the 50-mb zonal wind
as 12-month running averages, centered 3 months apart
(i.e., four values per year). The vertical lines mark the
westerly wind maxima. There are 17 wind peaks during
1951-91 (40 years) indicating an average spacing of
about 2.35 years (28 months). However, this spacing
varied between 24 and 36 months. Hence, the power
spectrum analysis of the 50-mb wind shows two prom-
inent QBO peaks, one at 2.33 years and another at 2.75
years.

To study the phase relationship between wind peaks
and rainfall peaks, the dots (rainfall maxima) were
compared with the vertical lines (westerly wind max-
ima). Figure 3a shows the frequency distribution of
lags and leads. The top plot is for East Uttar Pradesh.
Zero means coincidence and —1 means rainfall maxi-
mum occurred earlier than westerly wind maximum by
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one unit (~6 months). As can be seen, from the 15
peaks, 10 peaks occurred at —1, 3 peaks at 0, and 2
peaks at +1. Thus, a large fraction occurred at 0 or —1,
indicating that rainfall maxima tended to occur where
the westerly wind was approaching a maximum. The
other plots in Fig. 3a are for other subdivisions of cat-
egory A. Subdivisions 13, 17, and 18 also show a sub-
stantial number of peaks (11, 12, and 12, respectively)
in the 0 and —1 category. For other locations (e.g., 21)
the lags or leads are spread in a wide range, indicating
a lack of clear relationship between rainfall and the 50-
mb wind for these subdivisions.

It may be noted, however, that this relationship is
rather weak and has most probably very little prediction
potential. In Fig. 2a, the East Uttar Pradesh rainfall se-
ries has 15 peaks while the zonal wind series has 17
peaks. But both have a QBO around 7 = 2.3 years.
Thus, in the rainfall series, 2 peaks have been missed
(for 1962 and 1982) presumably because other factors
are occasionally operative to cancel the QBO signal.
As a result, the percentage variance explained (PVE)
by these QBOs hardly exceeds 30% (see Table 1), a
poor level for prediction purposes.

The upper half of Fig. 2b shows a plot for subdivi-
sions of category B (two QBOs, no QTO). Here again,
the patterns are irregular and some beats are missed.
The upper half of Fig. 3b shows the lags and leads.
There is a slight indication of excess at —1. The 0 and
—1 categories together have 11, 10, 8, and 10 peaks for
subdivisions 7, 26, 30, and 32, respectively.

The lower half of Fig. 2b shows a plot for subdivi-
sion of category C (no predominant QBOs or QTOs).
Thus, one would have expected very little fluctuations.
As it seems, some QBOs are still seen but interspersed
between larger intervals (4—35 years) of negligible fluc-
tuations. Thus, QBO seems to be present in all subdi-
visions but intermittently. The lower half of Fig. 3b
shows the lags and leads. As expected, the scatter is
large, but even here, a slight bias for —1 is indicated.

Figure 2c shows plots for subdivisions of category
D (prominent QTO, with or without QBO). In almost
all cases, there are prominent QBOs also. Figure 3c
shows the lags and leads. Whereas some subdivisions
show a large scatter, some show a striking bias for —1.
An overall glance at Fig. 3 shows that the bias for —1
is shown by a substantial part of India. On the other
hand, some in-between regions do not seem to have
any particular bias for —1.

4. Relationship with El Nifio and Southern
Oscillation (ENSO)

Since ENSO, as represented by (T — D) atmospheric
pressure, has a strong periodicity at 7 = 3.6 years and
a smaller one at T = 2.60 years, it is likely to match
with the rainfall of the subdivisions of category D
(strong QTO, with or without QBO). In Fig. 2c, the
bottom part shows (T — D), and the rectangles indi-
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F1G. 2. (a) The QBO—-QTO rainfall variations from 1951 to
1991 for 10 subdivisions in category A (one QBO peak, no
QTO peak). Full dots indicate rainfall maxima. The bottom
plot shows the 50-mb zonal wind (+ve, westerly; —ve east-
erly) and the vertical lines indicate westerly wind maxima. (b)
Upper half: for four subdivisions of category B (two QBO
peaks, no QTO peak); and lower half: for four subdivisions
of category C (no QBO or QTO). The middle plot shows the
50-mb wind. (c) For 11 subdivisions of category D (prominent
QTO, generally with QBO also). The bottom plots are for the
50-mb wind and Southern Oscillation index (Tahiti-minus-
Darwin atmospheric pressure). El Nifio occurrences are indi-
cated by rectangles (full, strong; hatched, moderate; open,
weak).
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cate, El Nifio events. During 1951 -91, there were three
strong El Nifios, each as a double event (i.e., occurring
in two successive years). Also, there were five mod-
erate El Nifios and four weak El Nifios (Quinn et al.
1987, updated ). Even for the strong El Nifio years, the
rainfall was not predominantly large or small for any
subdivision during 1951-91, implying essentially a
poor relationship. Our analysis (Kane 1990) with a
longer dataset (18711986, 116 years) showed that for
western India and a few regions in the north and east,
a large number of El Nifios was associated with below
normal rainfall. For 27 years of strong and moderate
El Nifios, 15 or more were associated with droughts in
10 subdivisions. However, there were many drought
years not accompanied by El Nifio occurrence, indi-
cating that some other factors were simultaneously op-
erative. Stratospheric zonal wind could be one of these
factors.

5. Conclusions and discussion

When the summer monsoon rainfall series for 29
subdivisions from 1951 to 1991 (41 years) were sub-
jected to maximum entropy spectral analysis, several
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significant periodicities in the quasi-biennial and quasi-
triennial range were noted. Ten subdivisions had only
one prominent QBO and no QTO. Four subdivisions
had two prominent QBOs (significantly different from
each other) and no QTO. Four subdivisions had no
significant QBO or QTO. Eleven subdivisions had a
prominent QTO, generally with significant QBOs also.
When the relative positions of rainfall peaks (maxima)
were compared with those of stratospheric zonal west-
erly wind maxima, the rainfall maxima generally oc-
curred a few (about 6) months earlier. Also, the rainfall
minima (droughts) were generally associated with
strong easterly winds, in agreement with Mukherjee et
al. (1985).

The rainfall QBO hardly accounts for approximately
30% variance and, hence, the prediction potential of
the above phase relationship is not high. But it would
be interesting to investigate how the stratospheric zonal
wind comes into picture to affect low-altitude phenom-
ena. Yasunari ( 1989) reported a QBO in the upper- and
lower-tropospheric zonal winds and hinted at a possible
link between the QBOs of the stratosphere, tropo-
sphere, and sea surface temperature (see also Quiroz
1983). It seems to us, however, (see Kane 1992) that
the ENSO phenomenon (including its QBO part) is
probably not related to the stratospheric wind QBO. A
link between ENSQO and Indian monsoon rainfall defi-
cits has been investigated by several workers [e.g., Ro-
pelewski and Halpert (1987), Parthasarathy and Son-
takke (1988), and references therein] and even much
earlier by Walker (1924). However, this relationship
is one-sided, that is, whereas a large fraction of El Nifio
years is associated with below normal rainfall in many
parts of India, many droughts occurred when there was
no El Nifio activity. These may have a relationship with
the stratospheric winds in an altogether independent
way, probably through the 200-mb May meridional
wind index, which alone seems to explain about 50%
variance of rainfall (Parthasarathy et al. 1991). This
needs further investigation.
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