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Wave disturbances over Indian Ocean area during
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G. APPA RAO and V. K. PISAL

Drought Research Unit,
India Meteorological Department, Pune

e e e o & Pt st v fe e e  eftvn{ae e e Ao 0 @ e
o Foresveror frarr AT | T BT | e T wew § 2§ 3Ud 4 @ 6 ol W A A srafaarl F1 T
qar &0 g 20° @ 32° AT &s&aﬁawﬁﬂmﬁaﬁtm%lmmﬁﬁmﬁwr ¥ mAgE T T AL

FrriteE  ArTEEE S SR &

ABSTRACT. Analysis has been carried out to study the tropospheric wave disturbances over the

Jdndian Ocean area during two contrasting summer monsoon periods. The study reveals two significant
waves with periodicity of 2 to 3 and 4 10 6 days in meridional wind component. These waves
move westward wilh a wave length of about 207 and 327 respectively. The wave aciivity, in general,
is stronger during the normal ImOnsoon year than the drought year.

1. Iatroduction

It has been observed that the cross equatorial flow
over the Indian Ocean area has an important role in
the Indian monsoons (Rao and Desai 1973). The
studies of the Indian Ocean area are limited due to
lack of data. Some work has been reporied as case
studies to identify waves associated with the synoptic
scale disturbances over the Indian Ocean area. To
obtain a consistent model of the disturbances, a large
number of case studies are required, It has been shown
that the spectrum analysis technique can be an alter-
native to the case study approach (Maruyama 1967,
1979: Yanai et al. 1968 etc). :

_Selective studies. to identify the tropospheric wave
disturbances over the Indian sub-continent have been.
reported (Keshavamurthy 1973; Subbaramayya and
Bhaskar Rao 1974; Murakami 1976). Existence -of
large scale wave disturbances over east of the Indian
Ocean area have been identified (Appa Rao and
Ramanamurty 1972, 1976). Waves in the lower
stratosphere based on two stations of the Indian Ocean
have been studied by Maruyama (1979). An attempt
has been made in this paper to study the important
tropospheric wave disturbances over the Indian Ocean
area during two confrasting summer moORsOOnNs. 1966
and 1967 are selected as the contrasting years of

" drought and normal monsoons for the analysis (Appa

Rao 1981).

2. Data used

Daily 00 GMT upper air data rteported by Six
stations (Fig. 1) over the Indian Ocean area, situated

(300

about 10 deg. on both sides of equator have been used
in the study. Data of Gan pertain to 12 GMT during
1966 and for the other 00 GMT. The analysis has been
carried out for 850 mb and above, at the "standard
isobatic levels during the monsoon seasons (June to
September) of 1966 and 1967,

3. Method of analysis

The power spectral analysis has been mainly based
on the method suggested by Blackman and Tukey -
(1958), Munk ez al. (1959) and WMO-79 (1966).
The same procedure has been adopted earlier by Appa

‘Rao and Ramana Murthy (1972, 1976) and also

in the present study. Daily data of zonal and meri-
dional winds and temperatures are subiected to spect-
rum and cross-spectrum technique with a maximum
lag of 40. The reliability and statistical significance
of the spectral peaks have been tested and normalised
spectral values are presented for discussion, (WMO-79;
Panofsky and Brier 1958).

4. Resuits

4.1. Mean tropospheric flow patterns in zonal wind
and temperature

“The latitude height cross sections of zonal wind
pattern for the two years are shown in Figs. 2 and 3.
Low level westerlies prevail from surface to about
300 mb in both the years. Easterlies exist above the
westerlies, with a strong pocket at about 100 mb
(12 deg. N). The lower tropospheric westerlies extend
more southwirds during 1967 than 1966. The zonal
winds are stronger in 1967 (850 mb) near 12 deg. N
than' 1966, The upper tropospheric easterlies are
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Fig. 1. Observation stations over Indian Ocean area
during 1966 and 1947 used infths study
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Figs. 2 & 3, Latitude-height cross section roughly along 80° E (W-=Westerlies, E=Easterlies}

stronger (160 mb) at 5 deg. N and 12 deg. N in the
normal year. In general, winds are stronger in normal
monsoon year {1967) than the drought year (1966)
over the northern hemisphere, Temperature paiterns
do not show any major differences and the diagrams
are not given.

4.2, Spectral results

The spectral results of zonal (U), and meridional
winds (¥) and temperature (T) have been worked
out, The results of Gan are only illustrated in Figs. 4
to 7 and of other stations are given in Tables 1 and 2,
for brevity, Statistically significant peaks are marked
by arrows in the diagrams, In general, it is observed
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that a large portion of kinetic energy is associated with
zonal wind component at low frequencies. Meridional
wind component contains neither trend nor concentra-
tion of energy at low frequencies.

It is observed from Table 1 that at Port Blair, waves
with periods of 2 to 3 days exist in ¥, U and T
spectra throughout the troposphere. They are more
prominent in the normal monscon year than the
- drought year. Madras has shown periods of 2 to 3,
4 to 6 and 10 days. These peaks are mainly noticed
in ¥V spectra. Periods of 2 to 3 days are seen in U
and T spectra also, Trivandrum indicates periods of
2t03 and 4 to 7 days,

-
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’ _ TABLE 1
Sigm_iﬁcant spectrat peaks with peried in days during summer monsoon periods over Indian Ocean area
1967 1966
Height = —~———————— " e e e ey — A .
(mb) Port Blair Madras Trivandrum Port Blair Madras Trivandrum
- r—‘*—-’—""“_‘“ﬁ f_'—"“'“")\"”‘—“_‘"_\ {—"'_""_J"—'“"""“\ r—‘“——"*"'“"—'—\ " —Ae I s N
(4 ¥ Vi U ¥ T u ¥ T [ V T 14 14 T () ¥ T
850 2.6 2.3 2.2 2.5 4.0 — 40 35 33 - e —_— — —_ 3.8 —_ — 8.9
' 4.7 _ 2.4 3.0 4.4
* 700 - 232 22 100 — — — 400 — — — — 25 62 67 47 2.9
7.3° 2.5 :
- 600 2.2 —_ — — 2.3 — — T3 267 2.2 = o 6.7 — 10,0 — —_
10.0 2.5 3.1 '
500 2.6 2.1 —_— 2.2 21 — 6.7 — 400 2.2 80 — 7.3 -— 217 100 4.0 6.7
' 3.3 6.7 2.3
300 50° 2.3 2.0 4.4 3.0 2.1 4.2 2.4 400 — 2.2 10,0 2.7 2.9 - e —_— .-
3.5 2.4 3.3 :
4.4 :
200 92— — 21 114 — 00 29 = = —: 29 — = =
100 31 — 44 27 89 26 47 — =~ — — — 100 2323 - =
16.0 o
* TABLE 2
Significant spectral peaks with period in days during summer monscon periods over Indian Ocean area
1967 1966
Height - —~ G . Garcia ; S e
(mb) :ngipore . 3an , » Garcia . Sirgapore X (ian — D. Emia
U 14 T 4] 14 T U v T U V T U 4 T [ Hd Tm'
850 . — 406 30 13 40 40 33 2.7 - 6.7 = — — — 160 6.7
2.8 ’ 5.0 5.3
16.0
700 $0 53 47 — — ~— 53 36 30 — 57 — — — —~ — 47 -—
2.9 2.7
600 29 $3 36 — — — 33 89 3.3 1.4 6.7 = — — = = e
. 5.7 4.4 2.6 :
500 59 57 3.3 — 57 31 — 89 3.0 114 89 267 — 67 — 67 —~
4.2 5.0 3.1
* .
. 300 — 57 — 3.1 100 — 3.3 57 26 6.7 6.7 2017 — 53 44 89 3.1 —_—
2.8 2.6 _ 1.5 4.2 6.7
. 200 33 40 7.3 62 62 31 — 29 32 -~ 50 36 — — — 23 28 .
2.7 2.6 6.2
100 0.0 40 — 4.0 62 — 3.2 44 — — 50 44133 -~ —~ — .
2.1
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The wave activity is quite different for the stations
(Table 2) along the equator. Singapore has shown
prominent peaks with perjods of 4 to 6 days in V, U
and T spectra during both the years. Another signi-
ficant peak of 7to 9 days is poticeable during 1966 in
V spectra. Gan assumes special importance dae to its
central location in the area under consideration and
closeness to the equator. At this station (Figs. 4 to 7)
peaks with periods of 4 to 6, 7 to 10 days are seen
in ¥ spectra during 1967. The same peaks are notice-
able in the middle troposphere during 1966. Deigo
Garcia shows peaks of 3 to 7 daysin ¥V, U and T
spectra.

From the above results, it is inferred that two types
of wave disturbances with periods of 4 to 6 and 2 1o
3 days prevail over the Indian Ocean area. The former
is seen prominently at equatorial stations and the
latter at about 10 deg. N. The first type can be identi-

fied as Yanai-Maruyama waves {Y-M waves). Similar
type of waves have been observed over the Pacific
and east of the Indian QOcean area (Yanai et al. 1968
& Appa Rao and Ramanamurty 1972, 1976).
Generally the wave activity is stronger and greater in
depth during the mormal monsoon year, compared to
the drought year as seen from the tables at many
stations. Maruyama (1979) observed wave distur-
bances with the periodicity of 4 to 5 and 10 to 20 days
in the lower stratosphere over Indian Ocean area. It is, .
therefore, suggested that wave disturbances with periods
of 4 to 6 days presently observed in the upper tropos-
phere and those in the lower stratosphere, observed
earlier by Maruyama may indicate important coupling
between troposphere and stratosphere over the Indian
Ocean area. :

Wave disturbances of 4 to 5 days in other meteorolo-
gical elements over Indian sub-continent have also
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been reported. Murakami (1976, 1977) observed
disturbances with periods of 5 and 15 days in meri-
dional wind component over monsoon trough arca,
whereas Keshavamurthy (1973) noticed periods of 5
to 6, 7 to 9 and 15 fo 20 days in the same component.
Quasi-periodic waves around 5 days period in pres-
sure and wind fields have been noticed by Anantha-
krishnan and Keshavamurthy (1970), Similar featurcs
in sea level pressure have been reported by Bhalme
and Parasanis (1975), Krishnamurthy and Bhalme
(1976). -

4.3. Horizontal scale of the disturbances in the
meridional wind component

Horizontal structure of these disturbances is studied
by computing the cross spectra between meridional
wind component of station pairs along the same longi-
tudinal belt. Two disturbances with a periodicity of 2.3
and 5.7 days at 850 mb level are considered for this.
The phase differences (A#) between station pairs and

their longitudinal separation {(AX) are plotted. It
is seen from the diagram (Fig. 8) that points -are scatte-
red very much with coherence from 0.2 to 0.8. A
regression line has been fitted to this data giving weigh-
tage to the points with high coherence. It is seen that
the phase difference increases with longitude indicating
that the disturbances are propagating westwards. The
horizontal wave length of the disturbances are about
20 degrees and 32 degrees longitude in case of 2.3 and
5.7 days perjods respectively. The phase speed worked
out to be 9 and 6 degrees per day for these two waves.
respectively. Keshavamurthy (1973} obtained a wave

-length of 20 degrees longitude for the disturbances of

5.5 days period at 850 mb level based on stations with

longitudinal separation of about 15 degrees. Murakami’s
" (1976) computation show the wave length to be about

25 to 30 degrees longitude based on integrated values
for the periods between 4 & 6 days in the lower tropos-
pheric levels from 0.3 to 5.4 km. The wave length
obtained by us agree reasonably well with the results of
Mutakami, in case of 5.7 days period,
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5. Conclusion

The study of the wave disturbances during drought
and normal summer monsoon periods over the Indian
Ocean area lead to the following conclusions :

In both the years, two prominent wave disturbances
exist with periods of 2 to 3 and 4 to 6 days. The former
one is mainly seen over the stations situated about 10
deg. N and the latter in equatorial stations, The wave
activity is more prominent during the normal monsoon
year. Cross spectrum analysis reveals that the distur-
bances move westward with a phase speed of about
9 and 6 degrees per day. The existence of the 4 to 6
days period. Yanai-Maruyama waves in the upper
troposphere and lower stratosphere suggests a direct
coupling between troposphere and stratosphere, Kelvin
wave activity is absent in the two years under
consideration.
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