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Dynamics of the large-scale tropospheric circulation
during summer monsoon and tropical droughts
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ABSTRACIS. Fourier analysis has been used for monthly mean geopotential height for 700 mb

and 300 mb Jevels for tbhe months April through August for the years 1967, 1972, 1973, 1974 and 1977,

(The years 1967, 1973, 1977 arc good mionsoon

years and 1972, 1974 are drought years, From the

Fourier coeflicients the transport of momentum and of sensible heat, wave to wave and wave to zonal
interactions have been computed in wave number domain. ‘

Waves 1 1o 3 show contrasting features in years of good and bad monsoons. Northward (ranspori
of momenium across subiropical latitudes is large in good monsoon years while northward transport
of sensible heat is large in bad monsoon years. In drought years there is large divergence of ilux of
sensible heat in sublropics, while there is large divergénce of momentum in good monsoon years. In
geod Inonsoon years waves 1 and 2 are preater source of energy to other waves via both wave-wave
interactions and wave fo zonal mean fiow interactions during monscon months in the upper troposphere.

1. Introduction

Indian summer monsoon is a component of the
planetary scale monsoon during the northern hemi-
spheric summer season. Planetary scale monscon is
brought about and maintained by the redistribution
of heat sources in which the differential heating bet-
ween continents and oceans plays a dominant role.

“In this study we wish to seek answers to the follow-
ing questions :

(i) What is the year to year variability in the
large scale dynamics of northern hemisphere
on the monthly mean scale from spring
season {o summer season ?

(i) Is the year to year performance of the
Indian monsoon on seasonal scale (June-
September) related to the large scale ex-
change of sensible heat, momentum and
wave-wave and wave-zonal energy ?

(iii) Are there any signatures in the exchange of
these physical quantities during April or
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May (before the commencement of the
summer monsoon) which foretell about the
performance of monsoon rains?

(iv) Alternatively does the poor performance of
monsoon rain itself affect the large-scale
energetics as the monsoon circulation is a
major anomaly over the northern hemi-
spheric general circulation ?

2, Data and method of analysis

Monthly mean northern hemispheric geopotential
height data’ at the levels 700 mb and 300 mb for the
years 1967, 72, 73, 74 and 77 for the months April
to August have been subjected to Fourier analysis. Of
these 1967, 73, and 77 correspond to good monsoon
condition over India. The vears 1972 and 74 corres-
pond to drought years.

April and May are pre-monsoon months and June,
July and August are monsoon months in India. The
contour height data at 5 deg, latitude/longitude inter-
vals is the basic data picked from charts published by
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LARGE SCALE TROPOSPHERIC CIRCULATION

German Free University and the Russian Hydrometeo-
rological Service. The height field is symmetrical with
respect to the equator,

(a) Computation of flux of momentum and of
sensible heat
We have used the geostrophic approximation for
winds. We restrict our study to the region between
latitudes 20 deg. N and 70 deg. N. The method of
computation of these values is given below :
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(b) Kinetic energy equation in the wave number
domain

Using the same symbols as Saltzman (1970), the
energy equation for eddy Kkinefic energy can be
written as ;

KO —p(r) -+ L) + oDl
(1=1,2,3s.0 .. ) (1)

K(n) gives the total KE in eddies of wave number
n, M(n) indicates the rate of transfer of kinetic energy
between the zonally-averaged flows and eddies of
wave number n, L{n) indicates the flow of kinetic
energy transfer to eddies of wave number n from
eddies. of all wave numbers.

The C(n) term represents the co;}version of eddy
available potential energy to eddy kinetic energy for

wave number n. Since data for vertical velocity is not

37

TABLE 1
‘Monsoon performance
Year
1967 1972 1973 1974 1977
Percentage departure
or rainfall from —0.3, —24.3 4.6 —12.2 4.9
normal

available C(n) is not computed. Similarly terms in
M(n) and L(n) containing vertical velocities are not

computed,

We have obtained these terms for two regions, i.e., \
20-40 deg. N and 20-70 deg. N.
3. Resulis

3.1. Amplitude and phase

Figs. 1 (a & b) give anomalies in amplitude and
phases from a month for waves 1 & 2 at 300 mb level

" across 30 deg. N~

_ Waves 1 and 2 are prominent and contrast between
good and bad mongoon years is prominent*at 300 mb
tevel across 30 deg. N, The enhancement in amplitude
in each month is estimated with reference to previous
months, In years of good monsoon activity, the en-
hancement for wave 1 is positive and large in June -
to August while in bad monsoon years it is negative.

The phase changes for wave 1 from April indicate
that the ridge position moves more westward in bad
monsoon years than in good monsoon years. The
movement is similar from May but less westward.
However, phase change from June shows more west-
ward movement of ridge line in good monsoon years
than in bad monsoon yeaxs.

Amplitude anomalies for m==2 at 30 deg. N during
June to August in comparison with May show similar
trend as shown by wave 1 but less intense,

32 Meridional transport of angular momentuh:
during periods April 1o May and June through
August at 300 mb level

We have obtained the transport at levels 700 mb
and 300 mb. However, the contrast is significant at
300 mb level. Hence we present the results for 300

mb level.

Fig. 2 and Table 2 give the transport during the
periods April to May and June through August at
300 mb level contributed by long, short and all the
waves. Fig. 3 gives the transport in wave number
domain across 30 deg. N at 300 mb level.

The contribution by long waves (waves 1 to 4) fo
the momentum transport at 300 mb level is northward
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TABLE 2
Momentum transport across 30° N at 300 mb
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TABLE 3
Sensible heat transfer across 30° N at 500 mb

. Waves
Period and year ~ A \
i-4 3-1¢ 1-16
April to May
1967 225 17 228
1972 163 —49 145
1973 137 105 245
1974 81 65 155
1977 37 31 5
June through August
1967 59 62 127
1972 34 39 69
1973 101 . 30 143
1974 52 34 57
1977 67 8 - 117

Waves .
Period and Year P, A \
1.4 5-10 1-16
April to May
1967 . 2 36 27
1972 1 3 79
1973 22 —9 10
1974 59 -3 57
1977 21 —6 18
June through August @
1967 57 20 —39
1972 —4 36 3
1973 —21 12 -y
1974 23 —4 21
1977 2 13 18

Unit : 10 gm m?¥sec™ mb™?

between 20 deg. N and 40 deg. N during April to
May. At 60 deg. N and beyond, the transport is south-
ward, However, the transport during the year 1977
is southward across 20 deg. N to 70 deg, N (Fig. 2a).

The transport by short waves (waves 5 to 10) is
generally northward at all latitudes, The transport by
all the waves is northward between latitudes 20 deg.
N to 40 deg. N. It is more northward in good monsoon
than in bad monsoon.

Waves 1 to 4 are contributing significantly at sub-
tropical latitudes to the momentum transport for all
the years during April to May at 300 mb level (Fig.
3a). Larger waves (6, 7, 8): also contributed more
northward transport in good monsoon years.

The contribution during June through August by
long waves to the transport between latitudes 20 deg.
N and 30 deg. N is northward and it is maximum
across 30 deg. N (Fig. 2b). The transport is more
northward in good monscon years than in bad mon-
soon years. The contribution is southward at high lati-
tudes (beyond 60 deg. N). However, the magnitude
is small. There is a significant contribution by short
waves at subtropical latitudes. The integrated effect of
all the 16 waves shows more northward transport at
subtropical latitudes (30 deg. N) in good monsoon
years than in bad monsoon years, Our findings are
gqualitatively in agreement with those of Wiin-Nielson
et al. (1964) who obtained northward transport of
momentum at subtropics and middle Iatitudes in
April and July at 300 mb level and southward trans-
port at high latitudes.

Waves 1 and 3 are prominent at 30 deg. N during
Tune to August in all these years (Fig. 3b). The
fransport by wave 3 is very much northward in good

Unit : 101 J sec™* mb™

monsoon years than in bad mongoon years at this lati-
tude. Wave 2 generally transports momentum south-
ward. Waves 6 to 10 contribute to the northward
transport in all these years.

3.3. Meridional transport of sensible heat during
periods April to May and June through August
at 500 mb level

The transport of sensible heat was obtained uging
equation (10) at 500 mb level during pre-monsoon
(April to May) and monsoon months (June through-
August) for waves 1 to 16 for various years. The
transport by standing eddies contributed by long
waves, short waves and all the waves are computed at
5-degree latitude interval from 20 deg, N to 70 deg. N.
Fig. 4 and Table 3 give the transport by long, short
and all the waves. Fig. 5 gives the transport in wave
number domain across 30 deg. N at 500 mb. Fig. 6
gives the vertical tilt at 30 deg. N and 60 deg. N
during July month for waves 1 and 2.

(a) Transport during the period April to May at
500 mb level :

The transport of sensible heat by long waves during
April to May is northward from 30 deg. N to 70 deg.
N in all these years (Fig. 4a). It is significantly more
northward at subtropics in bad monsoon years than
in good monsoon years. The contribution by short
waves is not significant except during the year 1967.
The contribution by all the waves shows that at sub-
tropics there is more northward transport in bad mon-
soon years than in good monscon years. In bad mon-
soon there are two maxima, one at 30 deg. N and an-
other around 55 deg, N. However, in good raonsoon
year there is one maximum around 50-60 deg. N.

Wave 1 at 30 deg. N during April to May contri-
butes fo the southward transport in good monsoon
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years but northward transport in bad monsoon years
(Fig. 5a). The contribution by wave 2 is northward.
Total coniribution by other waves is small in all these
years.

(b) Transport during June through August at 500
mb level '

The transport of sensible heat by long waves (waves
1 to 4) between latitudes 20 deg. N and 30 deg. N is
southward in all these years (Fig. 4b). It is more
southward in good monsoon years than in bad mon-
soon years. It is northward at 40 deg. N and south-
ward at 50 deg. N, Beyond 60 deg. N the transport
is small.

The transport due to short waves (waves 5 to 10)
is northward from 20 deg. N to 70 deg. N, The contri-
bution by short waves is significant in the region 30
deg. N to 40 deg. N. At high latitudes the magnitude
is small, ' '

Integrated effect of all the waves (waves 1 to 16)
at 20 deg. N gives southward transport, At 30 deg. N
the transport i northward and it is more northward in
bad monsoon years than in good monsoon years, At
40 deg. N the transport is northward, Beyond 40 deg.
N, the contribution is small. There are two maxima.
One stronger around 40 deg. N and another weak
around 60 deg. N.

There is more divergence of heat from the sub-
tropics in bad mongoon years than in good monsoon
years. Bad monsoon activity js thus associated with
divergence of heat and consequent weakening of meri-
dional temperature gradient in the tropics in summer.
In extratropics sensible heat flux devergence is larger
in good than bad monsoon years.

Wave 1 across 30 deg. N contributes to southward
transport during June to August (Figs. 5b and 6). It
is more southward in good monsoon years than in bad
monsoon years, Wave 2 contributes to northward trans-
port in these years. Waves 3 to 10 contribute to north-
ward transport, :

3.4. Wave-wave and wave-zonal energy exchanges
during the periods April to Mdy and June
through August :

Fig. 7 represents the wave-wave and wave-zonal
energy exchange coniributed by long, short and shorter
waves at 700 mb and 300 mb levels during the periods
April to May and June through August, Fig. 8 depicts
these energy exchanges contributed by each wave at
300 mb level during period June through August bet-
ween latitudes 20 deg. & 70 deg. N. These values are
more marked at 300 mb level than at 700 mb. We
discuss in detail these exchanges at 300 mb level only.

(a) Wave-zonal energy exchange during the periods
April to May and June through August at 300
mb level

Long waves (waves 1 to 4) and short waves {waves
5 to 10) transfer energy to zonal flow during periods
April to May and June through August. During the
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period June through August long waves and short
waves transpost more energy to zonal mean How. The
contribution by shorter waves (waves 11 to 16) is
ingignificant. In carlier section we obtain northward
transfer of momentum against U-gradient. This agrees
with kinetic energy transfer from waves to zonal mean
flow,

Waves 1, 3 and 4 contribute to zonal flow during the
period April to May. Waves 1 and 3 contribute signifi-
cantly to zonal flow during June through August. This
agrees with Murakami (1981) for the regions
(14.8 deg, N to 30.8 deg. N) at 200 mb level.

(b} Wave-wave energy exchange during the periods
April to May and June through August at
300 mb level

Long waves (waves 1 to 4) receive the energy at
300 mb level from other waves via wave-wave inferac-
tions during the period April to May. However, there
Is no contrast in good and bad monson years. Short
waves (waves 5 to 10) generally supply energy to
other waves, Magnitude is small for shorter waves
(waves 11 to 16). During the period June to August
at 300 mb level, planctary scale standing waves 1 to
4 behave as source to kinetic energy to other WHVES.
They lose more energy in good monsoon years than in
bad monsoon years.

Waves 1 and 2 lose more energy to other waves, via
wave-wave interactions and to zonal flow during the
period June through August in good monsson years
than in bad monsoon years, These waves are greater
source for other waves and for zonal mean fiow,

4. Conclusions

(1) Enhancement in the amplitude of waves 1 and
2 from pre-monsoon to monsoon months are larger in
good than in bad monsoon years.

(2) The contrast is significant across 30 deg. N at
300 mb level,

(3) Northward transport of momentum in subtro-
pics is weaker in drought years than in good monsoon
years in pre-monsoon and monsoon months but sensible
heat is larger in drought years than in good monsoon
years, This may be of forecasting value.

(4) Waves 1 to 3 show contrasting features during
years of good and bad monsoon activity.

(5) In drought years, there is large divergence of
flux of sensible heat in subtropics while there is less
flux of divergence of momentum when compared with
good monsoon years.

(6) This leads to the weaker temperature gradient
in the drought years than in good monsoon years. The
westerly becomes stronger in mid-latitudes and easterly
in tropics in good monsoon than in bad monsoon.

(7) In subtropics there is large divergence of flux
of momentum and large convergence of momentum
in mid-{atitudes,

(8) Behaviour of sensible heat fiux divergence in
subtropics is in contrast with behaviour in extra
tropics.

(9) During the period June through August long
and short waves transfer more energy to zomal mean
flow in good monsoon years than in bad monsoon years.
They are greater source of kinetic energy to other
waves in good monsoon years than in bad monsoon
years,

(10) Major contribution of wave-wave and wave-
zonal encrgy exchange is from the region 20 deg. N
to 40 deg, N,
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