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STRUCTURE OF MONSOON PERTURBATIONS®

R. N. KESHAVAMURTY
Institute of Tropical Meteorology, Poona, India

ABSTRACT

Applying the technique of power and cross-spectrum analysis to wind and other data
over the Indian region, the periodicity and horizontal and vertical structure of monsoon

disturbances are studied.

INTRODUCTION
THE DISTURBANCES of the monsoon like monsoon lows and depressions have been
studied extensively by synoptic methods. The structure of monsoon depressions
was studied by Desai (1948), Pramanik and Rao (1948} and Koteswaram and George
(1958, 1960). The frequency of occurrence and tracks of these depressions were
studied by Ananthakrishrian (1964).

More recently the technique of power and cross-spectram analysis is being
applied increasingly to study the structure of tropical disturbances. A preliminary
study of the periodicities of the v and w components of the wind at some Pacific
stations was made by Rosenthal (1960). Yanai et al. (1968) made an extensive
study of the power and cross-spectra of the v component of wind at Pacific stations.
They found a peak around 4 days in the lower troposphere corresponding to
the easterly waves whose scale was found to be about 6000 km. They also found
large spectral density around 4-5 days in the upper troposphere and lower strato-
sphere corresponding to westward moving waves of scale 10,000 km. Walace and
Chang (1969) studied the spectra of v and 1 components, surface pressure, tempera-
ture and relative humidity of tropical stations {in the lower troposphere). They
found easterly waves with periods of 4-5 days and horizontal wave-lengths of
3000 km, planetary scale pressure fluctuations with periods around 4 days and low
frequency oscillations with periods greater than 10 days in the # component with
wavelengths of the order of 10,000 km. Ananthakrishnan and Keshavamurty (1970)
found large spectral density in periods longer than 10 days in the # component and
surface pressure and one week period in v, 4 and surface pressure at Indian stations
during the south-west monsoon perioed.

In this paper, the periodicity and horizontal and vertical structtire of monsoon
perturbations by applying power and cross spectrum amnalysis technigques to wind
and other data of Indian stations during the south-west monsoon season are studied,

* Presented at the © Symposium on Indian Gcean and Adjacent Seas—Their Origin, Science
and Resources ’ held by the Marine Biological Association of India at Cochin from January 12 to
18, 1971,
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DATA AND COMPUTATIONS

We have analysed mainly the v component of wind at the stations Nagpur,
Calcutta, Lucknow, New Dethi, Vishakhapatnam, Port Blair and Trivandrum for
the standard levels 900, 850, 700, 500, 300 and 200 mb during the monsoon season
June-September of 1967. This was a normal monsoon season. For Calcutta we
have used greater vertical resolution i.e. we have analysed data at 0.3, 0.6, 0.9, 1.5,
2,1, 3.0, 3.6,4.5, 54, 6.0, 7.2, 9.0, 10,5 and 12.0 km. It was desirable to use data of
a rocent fyear as tha quality of the data has been improving in recent years, The
height of the ascent is increasing and also the missing data are fewer. We have
analysed the wind data of 1965, 66 and 68 of Nagpur, New Delhi and Trivandrum,
We have also studied the surface pressure departure data of Trivandrum, Nagpur
and New Delhi for the monsoon seasons of the above years,

The method of power spectrum analysis hay been dealt with extensively by
Blackmann and Tukey. The method followed by us is mainly based on the for-
mulation in WMO Technical Note on Climatic Change. For cross spectrum analysis
wo have essentially followed the method of Munk et al. (1959) and Maruyama (1968).
As no ready made computer programme was available one was written by the author,

The length of the record (N) in our case was 120 observations {(one observation
daily so that Af == 1 day). The maximum lag used is M = 30 (sometimes 15) so that

the frequency (k) refers to cycles in 60 days and the period p ——=%— days.

As we have usad the deviations from the mean (x'; and y’;) asour initial data the
zero mean has been removed. No attempt, however, has been made to remove the
longer cycles by weighted averaging as the length of the record would be considerably
reduced ; and there is no point in taking a longer period as the character of the
disturbances would be different if wo extended the period beyond the monscon
season.

Missing data in alt cases have been filled by linear interpolation, The number
of missing data was large in the higher levels of sonte stations and so thoy have not
lBs?ep analysed : for instance 200 mb data of Vishakhapatnam, Lucknow and Port

air.

RESULTS
v Component ;

We shall first consider the power spectra of the v component of wind at Nagpur,
Calcutta and Luckaow. Fig. 1 shows the v component spectra of Nagpur at standard
levels. The most prominent peaks are those corrasponding to (i) p = 20 days at
850, 900 and 700 mb (ii) p = 5.5 and 6 days at 900, 850, 700 mb (iii) p = 7.5and 8.6
days at 500 and 300 mb, Calcutta (Fig. 2) shows peaks aroun (g p =15 days at
0.3,0.6, 0.9 and 1.5 km, (ii) p = 7.5 and 8.6 days at 6.0, 7.3, 9.0, 10.5 and 12.0
km. Lucknow (Fig. 3) shows spectral peaks around (i) 5.5 and 6 days a;( %3, 0.6,
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Fig. 1. Nacgrur v Component June-September, 1967 at 200, 300, 500, 700, 850 and 900 mb.

85t

ALMOWYAVHSEY ‘N Y



Ennecth agy

irl

"%, el 304
2 22 el 24 Km
oO3Km O6Km L
' 1 Ooke |
r - _ poy
" il ) /ﬂ T Tl
- 3 i
“ | e o : ey
rat] AN ] ﬂ n k et
| - .Eun g £ Fad pL L
o i ’ BT \ oaf /
3 ] 5 Pl . 3 . 3rha
ol ™ - - o et
by 3 .: \f ,J\ oar ) H
: - ,A/\ 3 - (T
ol L W \ -f ¥
ﬂl*'ﬁ_ﬂ_‘_"“_g' X "_- - e : "[#ﬁl'l—i_i“
PEROS N by PR 4 AW i | Sl S E PEANS 8 By IR W AN [ PEROS 0 I

Fig. 2a. Carcurta v Component June-September 1967 at 0.3, 0.6, 0.9, 1.5, 2.0 and 3.0 km.
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362 R. N. KESHAVAMURTY
09 and 1.5km and (ii) around p = 8.6 daysat 3.0, 6.0 km. Fig. 4 shows the
vertical profile of power spectral density in these periods. Corresponding to

the period p =20 days we see that both Nagpur and Calcutta show maximum
power in the lower troposphere i.e. around 1.5 to 2.0 km. The power falls off
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, Fig. 4a. Power Spectral Density, v—Component, (m Sec.™)! Day—*
P = 20 Days.

with height ie. these disturbances are most marked in the lower troposphere.
The coherence of the disturbance at different levels compared with that at 850 mb
is calculated and shown in brackets. The coherence values decrease to 0.5 only
above 400 mb at Calcutta and above 300 mb at Nagpur showing that these distur-
bances extend from the surface to 400-300 mb. ‘

The vertical profiles of power spectral density in the period p = 5 days show
similar feature /.e. maximom power in the lower levels which falls off with height.
These were calculated with the maximum lag M = 15. The cohsrence values with
500 mb as reference level show that the depth of the disturbance at Calcutta is from
surface to above 300 mb, at Nagpur from surface to below 300 mb. At Lucknow
the coherence values have been calculated with 850 mb as the base. The disturbance
externids from surface to above 500 mb. It is seen that in this period also the distur-
bances extond from the surface to about 400-300 mb.

Let us now see the vertical structure of the disturbance in the period p = 7.5
days. A marked contrast is seen. At Nagpur the maximum power in this period
is found at 500 mb and above and very small power in the lower levels. Similarly at
Calcutta the maximum power is found in the upper troposphere {at 7.2 km)} and
very small power in the lower lovels. At Lucknow the maximum power is seen at
700 mb and above. The coherence values at Calcutta and Nagpur show that these
disturbances extend from about 2-3 km to just around 200 mb though they have
maximum power in the middle and upper tropospheres,
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364 R. N. KESHAVAMURTY

Thus we have two types of disturbances. (i) Corresponding to the period
p =20 days and p =5 to 6 days. These disturbances extend from the surface to
400-300 mb. These have maximum power around 850 mb which falls off with height.
(i) Pisturbances corresponding to period p =7 to 8 days. These have maximum
power around 6-7 km but extend from 2-3 km to nearly 12 km.

HORIZONTAL SCALE OF THE DISTURBANCE

Woe shall examine the horizontal structure of these disturbances by computing
cross-spectra betweon v components of different stations, We evaluate the phase
difference - between . the spectra of station pairs Nagpur—Calcutta, Nagpur—
Vishakhapatnam, Nagpur—Port Blair, Lucknow—Calcutta, Vishakhapatnam—
Port Blair, at different levels. Following Yanai ef al., the phase difference between
the station pairs is plotted against their longitudinal separation (in degrees). Then
a straightline is fitted and the wavelength is calculated. Of course the stations have
latitudinal separation also but if we reject the station pairs on this account very few
will be left. While drawing the straight line less weight is given to station pairs
having large latitudinal separation. The coherence values are shown in brackes.
Figs. 5 shows the A8— AX diagrams at 850 mb corresponding to the periods p=20
days and p = 5.5 days, Disturbances in these periods are most marked at this
lavel, The straight line fit for p = 20 days is excellent ; but-the coherence values are
rather poor. In this case we got the wavelength M == 34 degrees longitude. The
movement is from eass to west a3 stations to the east always lead. The speed of

movement is C = -32-% == 1.7°/day. For disturbances in the period range p=35.5

days tho straight line fit is not bad ; the coherence values are somewhat larger than
for p =20 days. By extrapolation the wavelength is obtained as ) = 20°, The
direction of movement is from ecast to west and the speed of movement is

€ = 2% day = 3.6 dogrooday. |

The gdisturbances in the period range around p = 7.5 days are most mark
around 500 mb. Therefore we have prepared the A9 AX diagram at this level
(Fig. 5¢). Here we find that the scaster of points is much more ; but coherence
values are larger, Neglecting the farthest point which corresponds to Nagpur—
Port Blair (coh. = 0.64) which has very large latitudinal separation and drawing
a straight line we got tho wavelength A = 35°. The movement is from east to west

. 35 dogree
and the spesd of movement C = ———— = 4.7 degree/day.
7.5 days

TasLe 1. Wavelengths and phase velocities of disturbances
Wavelength i Phase velocity

Level Peried in degreos of cash to west
: days longitude

850 20 34 1.7

850 55 220 36

500 18 35 4.7
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366 R. N. KESHAVAMURTY

So we have three types of disturbances. The one cortesponding to a period of
20 days and having a scale of 34° longitude corresponds to monsoon depressions.
This moves slowly westwards with a speed of 1.7 degree long. per day. This distur-
bance as we have seen earlier is most marked in the lower levels around 850 mb.
The other lower tropospheric disturbance of period 5.5 days.is of a smaller scale
around 20 degree longitude. These correspond to the weaker monsoon lows. These
move (westwards) a little faster with a speed C == 3.6 degree long./day.

The disturbance with a period 7.5 days which is most marked in the middle
and upper tropospheres has a scale of 35°. This corresponds to the middle and
upper tropospheric lows or troughs. These move faster than the lower tropospheric
disturbances, The slowest moving are the monsoon depressions. Because of the
slightly different speeds of the disturbances of the lower and upper tropospheres
superposition and favourable location with respect to each other is possible.

The scales of the disturbances we have estimated by the above method
correspond to complete wavelengths. On synoptic charts we generally concentrate
on cyclonic circulations only, which would correspond more to half-wavelength.
Therefore considering only the cyclonic portions the scale of the monsoon depres.
siong and middle and upper tropospheric lows and waves would be about 17 degrees
of longitude and that of the monsoon lows would be about 10 degrees.

CoONCLUSION

Thers are three types of disturbances in the Indian South-west monsoon,

(i) Monsoon depressions of period 20 days, horizontal scale about 35 deg. long.
and extending from surface to 400-300 mb, they are most marked around 850 mb :

(i) monsoon lows of period 5.5 days, horizontal scale 20 deg. long., being most
marked in the lower levels; and

(iif) middle and upper trophospheric lows and waves of scale 35 deg. long.
All these dist_urbancas move westwards,
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DiscussioN

P.K.Das: What wasmetotalvariance of the *v’ component? Could you tell us what
fraction of the total variance resides in the penodlcnws described by you? I do not know what
smoothening procedure was adopted by you ; but, it is important to see that the smoothening pro-
cedure for raw data does not creaie ﬁctioious periodicities.

R. N, KesHAvaAMURTY !  Fig. 1, 2, 3 show the power spectral density plotted against frequency
(period), It can be seen that.the power residing in the 20-day period in the lower levels and in the
7-8 day period in the upper levels is quite a considerable percentage of the total variance (at the
level). The raw specira bave been amoothened by the formula

HSPF(K) =+ 0.54 SPF(K) + 0.23 {SPF (K-1) + SPF(K 4 1)}

This is known to improve the spectrd.

V. SRINIVASAN ; Synoptic experience indicates that low pressure areas move less fast than
depression. Very often low pressure areas stagnate. The resulis presented appear to be different
from our synoptic experience. Can you explain the discrepancy ?

R. N. KEsHAVAMURTY :  'On synoptic charts the systems we see are superpositions of transient

disturbances on stationary disturbances ; this gives an impression of stagnation. In the technique
of power spectrum analysis, howcver. we sort out and analyse the transcient disturbances ; hence the

discrepancy,
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