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Harmonic analysis of summer mean wind at 200 mbar level during
contrasting monsoon years over India
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Abstract. Summer (June—August) mean zonal and meridional wind components at 200 mbar

“level are subjected to harmonic analysis for the years 1970, 1971, 1972 and 1979. It is found
that the small scale disturbances are intense during normal monsoon years. The westerlies in
the belt 10°S to 30°S are stronger during drought years. During normal monsoon years (1970,
1971) the northward transport of westerly momentum by wave number 1 at 19-6°N is large as
compared to drought years (1972, 1979). The transport of westerly momentum by standing
eddies is northward for all the years between 5°S and 28-7°N but large during the normal
monsoon years.
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1. Introduction

Indian summer monsoon is the largest local perturbation in the general circulation of
the atmosphere and is the most important among the seasonal standing eddies.
During the monsoon period over India and neighbourhood angular momentum
source is disturbed due to large scale cloudiness. Thus the study of angular
momentum becomes important. The wave-like character of disturbances suggest that
the use of Fourier analysis is the natural method to study the different scales of eddies.

There are a number of studies in wave number domain (Kanamitsu and
Krishnamurti 1978; Murakami 1981; Awade et al 1984). Awade et al (1986) studied
the large scale features of the summer monsoon of 1979 by using monthly data for the
period June through August at 700 mb and 300 mb levels and computed momentum
flux in wave number domain and wave to wave and wave to zonal interactions.

In the present paper we have extended the above work by considering four years of
data. The computation of transport of westerly momentum in wave number domain
has been done for two normal monsoon years (1970, 1971) and two drought years
(1972, 1979) in order to understand anomalies in the monsoon activity in terms of
global circulation of the atmosphere.

2. Data

Monthly mean grid point data of zonal and meridional winds at 200 mbar level were
picked up over thirteen latitude circles, as given in table 1, at 5° longitude interval for
the months June, July and August. The data were obtained from the US National
Meteorological Centre (NMC).
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Murakami (1978) showed that the NMC data are adequate (at least qualitatively) in
describing some characteristic features at 200 mbar level circulation during 1970-72
summer. Therefore we have considered 200 mbar level for our study.

Since only monthly data were available it was not possible to compute the
corresponding transient terms. Murakami (1963, 1981) showed that the standing part
is the source of energy to the transient part. Kanamitsu and Krishnamurti (1978) also
showed that a large portion of variance of eddy kinetic energy of long waves is due to
the standing eddies. Therefore the study of the standing part is considered important.

3. Meridional transport of westerly momentum

From monthly zonal U(4) and meridional V(4) winds the three-monthly mean values
U(2) and V(1) were calculated at 72 grid points along each latitude circle.
Averages of the three-monthly wind components along latitude circles are given by

[U1== Y U@, [V]l= V(2) (1)

1

N ;=

where N =72, overbar denotes time average and [ ] denotes the zonal average.
These averages are given in table 1 and depicted graphically in figure 1. We see that

westerlies in the belt 14-7°S to 28-7°S are stronger by 3 to Sms ™! during the drought

years (1972, 1979) as compared to the normal monsoon years (1970, 1971). The

northerly component during 1979 is stronger as compared to all other years.
Following the usual method we write

UA)=[U1+U*QA), V()=[V]+ V*)) (2)

the asterisk indicates departure from zonal average.

Table 1. Zonal averages of zonal and meridional wind at 200 mbar level
for the period June through August (Unit: ms™?).

(o1 vl

Lat. 1970 1971 1972 1979 1970 1971 1972 1979

287°N 62 33 73 66 01 —-00 —-00 03
242°N 23 09 49 32 00 00 00 00

19:6°N 05 06 39 00 o2 03 03 03
14-7°N -01 06 21 =32 01 03 03 00
9-9°N -3 -29 -24 -59 -—-02 -00 —-01 —-06
50°N -60 -51 =51 -77 —-07 —05 —07 —14
0-0° —44 —-41 —-44 -63 07 =07 —-09 —-17
50°S -03 -01 =02 =22 -06 —-06 —06 —14
99°S 41 53 57 43 —-05 —-05 —-03 —12
14-7°8 89 10:9 130 14-1 —-05 =03 —02 —09

19-6°S 180 20-4 237 252 —-03 —-03 =03 -07
242°8 279 281 32-8 350 —-03 -02 -03 —-03
28-7°8 327 321 347 384 —-03 —-03 —-02 —-00
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Figure 1. Latitudinal variation of zonally averaged (a) zonal wind (b) meridional wind at
200 mbar level for the period June through August. Unit: ms™".

From (1) and (2) the meridional transport of westerly momentum is given by
[0 V1=[01[ V1+[U*V*]. (3)

The first term on the right side of (3) represents the meridional transport of westerly
momentum by mean meridional circulation (MMC) and the second term the
momentum transport by standing eddies (SE). The values of these quantities are given
in table 2. Figure 2 gives a graphical representation.

3.1 Transport by MMC

The momentum transport is southward between 28-7°S and 9-9°S and northward
between 5°S and 28-7°S for all the years. The northward transport of momentum is
maximum between equator and 5°N. During 1979 there is a large convergence of
momentum between 5°N and 10°N.

3.2 Transport of momentum by SE

The momentum transport by SE is northward almost throughout the region under
consideration for all the years. During the normal monsoon years (1970, 1971) the
northward transport is large in the belt 5°S to 19:6°N as compared to transport during
the drought years (1972, 1979).

3.3 Total transport of momentum

Total transport is almost dominated by SE in the region 9:9°N to 28:7°N for all the
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Table 2. Transport of westerly momentim by mean meridional
circulation (MMC) and standing eddies (SE) at 200 mbar level for the
period June through August. (Unit: m?s™?).

MMC SE
Lat. 1970 1971 1972 1979 1970 1971 1972 1979
28T°N 04 00 —03 1-8 183 186 159 151

242°N 05 02 08 0-7 182 190 135 159
196°N 01 0-2 11 00 173 169 85 838
147°N 00 02 05 -02 141 117 41 36
99°N 08 00 03 3-5 152 11:3 39 1-4
50°N 39 27 36 10-6 172 133 30 26

0-0° 30 27 37 10-8 157 124 20 30
50°8 02 01 02 31 166 135 05 40
9:9°8 -20 -25 —18 -—50 80 58 —19 50
14-7°S —42 —-36 —29 -—132 88 58 —04 31
19:6°S —55 =58 —60 -174 102 71 16 1-7
24-2°S —78 —54 —-91 -104 146 108 43 02

2878 —112 =80 —70 1-6 121 69 &4 —13

[elv]
30°N — 1970

! 1971

3 ——---la72
goff; = mmmew 1979

2o 20 [+] 20
30°s

(a) (b) (c)

Figure 2. Latitudinal variation of meridional transport of westerly momentum (a) by mean
meridional circulation (b) by standing eddies (c) by total at 200 mbar level for the period
June through August. Unit: m*s~2,

years. The transport during the normal years (1970, 1971) is northward whereas the
transport is southward during the drought years (1972, 1979) in the region 9-9°S to
24-2°S.

4. Harmonic analysis

The three-monthly mean values U(4) and V() were subjected to harmonic analysis.
As we have 72 grid points we need 36 waves for the exact representation of observed
values.
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The harmonic components are calculated as follows

() =[0]+ Nf (a,,, cos(z"Nm;‘) + b, sin (2’?’1)) (@)
V) =[V]+ Nziz (c,,,cos(z";:”l)mmsin (Z’TN”‘A)), (5)

where m is the wave number. The first term on the right side of (4) and (5) is wave
number zero. a,,, b,, c,, and d,, are given by

28 2amai 2 X _ . [2zmi
Elzl U} o( ~ ) bmzﬁi;U(/.}sm( = ), (6)
2 X - 2nmi 2 N . [ 2ami
P V))cos( ?;" ) b=y 2. V(A)sm( ’:’ ) (7)

The transport of westerly momentum by SE in wave number domain is given by

Ni2

[0*V*]1=3 ). (@nCn+bpdn) ®)
m=1
where the term 1/2 (a,,c,, + b, d,,) gives the transport by wave number m.

4.1 Percentage variance of harmonics of zonal wind

The percentage variance explained by long waves, (waves 1 to 4), medium waves
(waves 5 to 16) and short waves (waves 17 to 36) are given in table 3. We find that
during the drought years (1972, 1979) the percentage variance explained by long
waves is greater as compared to the percentage variance explained during the normal
years (1970, 1971). The percentage variance explained by long waves during 1979 is

Table 3. Percentage variance of harmonics of zonal wind at 200 mbar level for the
period June through August.

Long waves (1 to 4) Medium waves (5 to 16) Short waves (17 to 36)
Lat. 1970 1971 1972 1979 1970 1971 1972 1979 1970 1971 1972 1979
28-7°N 646 663 843 8§98 243 213 124 98 110 114 32 03

24-2°N 615 651 866 972 258 230 106 24 125 11.8 30 03
19-6°N 650 680 852 983 231 216 109 14 17 103 38§ 02
14-7°N 559 632 764 976 300 257 183 I8 134 11:0 52 05
9-9°N 453 474 621 934 384 371 276 35 162 155 102 10
50°N 394 448 567 937 416 376 307 53 189 175 124 09
0-0° 339 415 658 937 47-5 405 249 52 182 179 93 10
50°S 61-1 618 785 980 273 266 152 16 -5 15 62 04
99°S 399 454 776 979 426 4111 150 18 174 133 73 02
14-7°S 44-6 540 401 948 397 348 482 46 156 1111 11:55 O35
19-6°S 482 589 754 907 377 317 219 B4 138 94 25 07
24-2°§ 872 876 952 947 94 90 45 48 33 33 02 04
28-7°S 891 882 977 934 84 97 19 57 24 21 02 04
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Figure 3. Percentage variance of harmonics of zonal wind at 200 mbar level for the period
June through August.

greater than 909, throughout the region. Figure 3 gives the pictorial representation of
individual waves (up to wave No. 16) for some latitude circles.

4.2 Percentage variance of harmonics of meridional wind

Table 4 and figure 4 give the percentage variance of the harmonics of the v-
component. The percentage variance explained by the long waves increases from
equator to north. In the equatorial region the contribution to variance by long waves
and medium waves are comparable for all the years.

5. Momentum transport

The transport of momentum by the three categories of waves is given in table 5. It may
be noted that the meridional transport of momentum by all the three categories of
waves is more pronounced in the years of good monsoon activity. We find that
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Tabled. Percentage variance of harmonics of meridional wind at 200 mb Jevel for the
period June through August.

Long waves (1 to 4) Medium waves (5 to 16) Short waves (17 to 36)

Lat. 1970 1971 1972 1979 1970 1971 1972 1979 1970 1971 1972 1979

287°N 742 805 755 806 21-8 155 222 177 40 41 22 16
24-2°N 74-4 81-5 738 806 206 128 225 177 50 57 36 16
19-6°N 714 758 635 735 182 146 313 230 104 97 52 35
14-7°N 622 657 595 696 184 178 346 240 193 169 60 63
9-9°N 49-4 479 485 605 264 257 423 313 243 267 95 81
50°N 372 332 445 437 381 354 386 498 248 320 172 64
0-0° 317 261 358 439 473 450 406 475 21.2 291 141 84
50°8 344 294 339 494 445 427 524 407 218 283 138 98
9-9°S 407 380 467 482 386 357 387 444 207 268 150 70
14-7°8 406 441 487 496 405 243 381 442 190 218 136 61
19-6°S 367 327 315 395 426 450 527 522 2113 224 156 83
24-2°8 301 204 101 208 460 546 693 707 234 270 206 84
28-7°8 345 399 144 500 478 454 679 426 177 141 178 735

Wave numbers

Figure 4. Percentage variance of harmonics of meridional wind at 200 mbar level for the
period June through August.
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Table 5. Meridional transport of momentum at 200mbar level for the period June
through August (m?s™2),

Long waves (1 to 4) Medium waves (5 to 16) Short waves (17 to 36)

Lat. 1970 1971 1972 1979 1970 1971 1972 1979 1970 1971 1972 1979

287°N 156 164 157 14-2 I'5 17 02 08 12 04 -01 0l
24-2°N 147 167 13:0 153 20 155 D3 03 -5 07 =01 00
19-6°N 1221 131 &7 84 32 26 —01 01 19 10 =01 01
147°N 75 67 60 37 42 36 —16 —03 24 12 —03 02
99°N 69 50 41 1-1 i3 43 00 01 27 19 —-02 0l
50°N 69 54 26 23 70 2 01 01 32 26 03 01
0-0° 54 49 09 27 T4 53 09 04 27 24 02 01
50°8 75 62 -—10 36 66 49 14 03 25 22 00 00
9-9°S 03 08 —=30 52 54 31 10 —02 21 1-8 00 00
14-7°8 -7 09 =15 33 48 31 1 =01 22 17 01 —01
19-6°S 41 31 22 22 42 25 =09 —05 I-8 1-4 o3 00
24-2°S -2 84 59 0-6 1-8 08 —15 05 1-5 5 —-02 0l
287°8 102 68 69 —10 10 —-06 133 —-03 10 07 —-01 01
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Figure 5. Meridional transport of westerly momentum by various scales at 200 mbar level

for the period June through August. Wave No. 0 denotes transport by mean meridional
circulation. Unit: m?s™2,
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medium and short waves (i.e. small scdles) are intense during the normal monsoon
years. Figure 5 gives the pictorial representation at some latitude circles.

At 19-6°N (figure 5) the transport of westerly momentum by wave number 1 during
1970 and 1971 is 6-6 m?s~2? and 7-2m?s~? and during 1972 and 1979 is 1-4m?s~ 2 and
1-6 m? s~ 2 respectively. The long waves are the source of energy to tropical easterly jet.
Krishnamurti and Kanamitsu (1981) showed that the long waves (waves 1 and 2) have
very large southwest to northeast tilt between 5°N and 30°N. A consequence of this
tilt is the removal of westerly momentum poleward and away from the latitude of
tropical easterly jet. This implies that greater the removal of westerly momentum,
stronger is the tropical easterly jet.

6. Conclusions

During the normal monsoon years, the northward transport of momentum by
standing eddies in the belt 5°S to 28-7°N is large. At 19-6°N the transport of
momentum by wave number 1 during normal monsoon years is considerably large.
Furthermore, the small scale disturbances are intense during the normal monsoon
years.

During the drought monsoon years the westerlies are stronger in the belt 10°S to
30°S.
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