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Study of energetics in strong and break monsoon

|/IT — ST 397 5497

D. S. DESAI
Meteorological Office, Pune

(Received 6 May 1983)

21 %1 fawira A ¥z 7o fafwe faqifees afdfesfmi gro = oar ) ==-

AT 797 54 AT el # 3 e W 05, O By B A (3, "¢ ), & (85 ¥ ), M (FggFg )™
B ( Ty, Biyg) Folt Al 1 i & Frg moma P oar 31w et wng 9 ord war w3 Foverd, Gann o
w1 &, SAAAY AT § AR 2Ty S #1 gfez & ey Tgan & wafe W ST qarg A F Orgdr § | WA WA
¥, o s s T sang & S v w8, uEw ana A ¥ e § wfea g 2

ABSTRACT. Break and strong monsoon periods are characterised by contrasting rainfall distributions
and typical synoptic situations. The study of the energetics of break and strong monsoon days is undertaken
to examine the quantities like Az, Ae, Kz, K, C (Az, Ag), C (4g, KE), C (Kz, Ke) and C (4z, Kz). Itis
found that the atmosphere in break monsoon is barotropically stable as eddies lose energy to the zonal flow, and
atmosphere in strong monsoon is barotropically unstable as eddies gain energy from the zonal flow.

1. Introduction

The southwest monsoon rainfall over India fluctuates
in its intensity and spatial distributions. There are periods
of strong and break monsoon characterised by contrast-
ing rainfall distributions and associated synoptic
situations. The position and intensity of monsoon trough
has strong influence on the rainfall distribution and
decides strong or break monsoon conditions. In break
monsoon, rainfall is confined to sub-montane districts
of Himalayas, northeast India. and southeastern Penin-
sular India and rest of India gets very less rainfall.
In contrast, in strong monsoon, rainfall is confined over
India outside the regions where it rains in break
monsoon. In strong monsoon, the monsoon trough is
south of the normal position and is active and in break
monsoon, the monsoon trough is north of the normal
position near the foot hills of Himalayas, apart from the
other associated synoptic features. During break mon-
soon, the axis of the monsoon trough lies close to the
foot of the Himalayas or in some cases, not seen at all
in the surface chart. If this situation continues for two
days or more, it is observed most frequently, that, a
secondary trough forms over Peninsular India along
latitude 13°N and there is a reversal of north-south
temperature gradient over India as compared to the
strong monsoon situations. This will influence the
energy parameters and energy conversions. Energetics of
such a contrasting synoptic situation in break and
strong monsoon will help in comparing the magnitudes
of the energy terms and understanding the energy
¢onversions taking place,
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2. Computation of energetics and discussion

Synoptic weather situation at 1200 GMT of 25 July
1972 representing typical break monsoon situation and at
1200 GMT of 5 July 1977, representing typical strong
monsoon situation were selected on the basis of rainfall
distribution and typical synoptic situations. Contour
charts for 1000 mb, 850 mb, 700 mb, 500 mb and 200 mb
levels for these two days aie prepared and analysed.
The grid point values of geopotential height at every
5-degree latitude-longitude grid were picked out over
the region from 45° E to 105°E and 5°N to 30°N.
All the energy terms and their conversions were cal-
culated from these dat: based on geostrophic assump-

tion.

The geostrophic wind components U and V have
been calculated from the geopotential heights using the
Eqns. (1) and (2) and zonal kinetic energy (Kz) and
eddy kinetic energy (Kg) have been calculated using

Eqgns. (3) and (4).
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TABLE 1
Energy terms (KJM™2) and conversion terms (1072 JM~*sec )

Strong monsoon day (5 July 1977) Break monsoon day (25 July 1972)
S. No. Term —_——— A —_ — A \
1000-500 500-200 1000-200 1000-500 500-200 1000-200
mb mb mb mb mb mb
1 Az 1241.6 1284.1 2525.7 1477.3 1361.6 2838.9
2 AE 22.8 6.9 29.7 19.2 15.4 34.6
3 Kz 103.1 340.2 443.3 208.0 346.7 554.7
4 Ke 196.3 97.1 293.4 161.9 75.9 237.8
5 C(Az, AE) 15.1 4.5 19.6 5.8 5.6 11.4
6 C(AE, KE) 13.3 8.8 22.1 5.3 8.5 13.8
7 C(Kz, Kg) 24.7 9.5 4.2 —18.1 —8.6 —26.7
8 C(Az, Kz) 31.2 16.3 47.5 9.1 17.2 26.3

The details of energetics of the atmosphere are given

Kg=}% f([ U* ] * ]: pa ]) dM (4) by Lorenz (1967) and Rajamani (1978). The expressions
M | for energy conversion as derived by Oort (1964) after
simplifying and neglecting small order terms have been

B 2 it _ T used here. Oort (1964) derived these equations, using
W:‘::’;ei . "\[CC‘]:E%:;::;I n?:;n.% jﬁ;;sy ’Of{he(:;';:::};? basic equations of motion and thermodynamic energy
phcre bet\’veen tWo pressuré levels, U* = U — [U] equations. The notation C(X, X,) represents the energy
II)/ f= V] 3 ’ conversion from X; to X, The Egns. (8)-(11) have been

used for calculating energy conversion terms.
An expression for the total available potential energy

as given by Wiin Niclsen (1968) is given in Eqn. (5) : c (Az, Kz) =_f[w],,[d],, M ®
| kery. 2 M
A= J‘—..., (B_:? — afﬁ) (3)
it 2q ap cp C (AE- KE) =_f[m¢ a*] dM 9)
M
The Eqn. (5) can be resolved into zonal (Az?
and eddy (4z) components of total available potentia - . 3[T]
energy asin Eqns. (6} and (7) : C\ Az, Ap | == cp | y[v*T*] a3 A dM (10)
~\2 M
Az=f L(am _ﬂg) (©) s {LxiYy
a 2° cp op C(KE,Kz) f[u*‘y*]cosA H(COZA)dM
c
= ( [2])? "
— ~(_f2_ _ @¢le] 7) (1)
4 J‘ 20 ( cp ap ) (
M where, A--Tatitude, w=Vertical velocity, « - Specific
where M = Mass of the atmosphere from 1000 mb to volume.

200 mb over the area under study, ¢ = Static stability a — Radius of the earth w* = w—[w], a* —a—{d]

parameter — — a T";- (In @), « = Specific volume, 8 — T*=T—T],

C

5 ~3 ., ~ [ ]"=Deviation of the zonal mean from hemi-

Potential temperature, 0 = — «a r@};(ln ), o= Geopo- spherical mean,
tential, (~)=Hemispherical mean, [ ]=Zonal mean. ( 0 ) R ( 3=\
ey — . . Yy==—1— T
e and ¢ have been calculated using upper air data for T ) cpp 81: )
all stations over northern hemisphere. The zonal and

eddy available potential energy have been calculated
using Eqns. (6) and (7).

= Potential temperature, ¢p= Specific heat at con-
stant pressure and R=Gas constant for dry air.
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The vertical velocity has been calculated by using
equation of continuity in pressure co-ordinate system
with the assumption that @ = 0 at 1000 mb and 200
mb. All the energy terms and conversion terms were
calculated for layers 1000-850 mb, 850-700 mb, 700-
500 mb and 500-200 mb and for the entire layer
1000-200 mb. The energy terms and conversion terms
for break monsoon and strong monsoon day have been
given in Table 1. The energy terms have been ex-
pressled in KJM—2and conversion terms in 1072 JM ™2
gec— .

The values of Az, A and Kz are more on
break monsoon day than the strong monsoon day.
This is an agreement with the prevailing synoptic situat-
jon where in break monsoon, the winds are mainly
westerlies upto 500 mb level and the axis of monsoon
trough is absent (or to the foot hills of Himalayas) in
lowar levels, The value of K is more on strong monsoon
day as the monsoon trough is active in the surface with
an embedded low pressure area in it.

On strong monsoon day, C(A4z, Ag) is positive and
more and also C(Kz, Kp) and sum of these two is
positive and more, This means that the eddies receive
energy from the zonal flow and intensify. That is the
monsoon trough being active during strong monsoon
and receiving energy from the zonal flow remains active
and circulations/lows form over this trough. On this
strong monsoon day eddy gained energy of the
order of 53.8 KIM—2 from the zonal flow. Thus, eddy
gains energy from the zonal flow on strong monsoon day,
the atmosphere is barotropically unstable.

On break monsoon day, C(4z, Ag) is less and positive
and also C(Kz Kg) is less but is negative. The sum
of C(Az, Ag) and C(Kz, Kg) is negative. This
means that eddies, instead of receiving energy from
zonal flow, lose energy to the zonal flow. In other
words, the zonal flow receives energy from the eddy
flow and strengthen in break monsoon period. On
this break monsoon day, eddies lost energy to the
zonal flow of the order of 15.3 KJM ™2, Thus, the eddy
loses energy to the zonal flow in break monsoon and
the atmospaere is barotropically stable.
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When we examine the magnitudes of energy terms
and energy conversion terms in the lower troposphere
(1000-500 mb) and upper troposphere (500-200 mb)
in Table 1, we find tentatively the following :

"™(a) In the lower troposphere (1000-500 mb) magni-
tude of Ay, Ky are more in magnitudes and that of Kz
is less on both the days.

(b) In the lower troposphere all energy conversion
terms are more on strong monsoon day and are less on
break monsoon day except C(Az, Ag) which is
marginal.

3. Conclusions

In break monsoon, atmosphere is barotropically
stable as eddy flow loses energy to the zonal flow and in
strong monsoon, atmosphere is barotropically unstable
as eddy flow gains energy from the zonal flow.
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