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The heat and moisture budgets of the atmosphere over
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ABSTRACT. The heat and' moisture budgets of the atmosphere (surface to 100 mb) over the central

‘equatorial Indian Ocean. (2°N to 2° S; 76°E to 80°E) have been investigated utilising the surface and upper

.- air data collected on board four. Russian ships during summer monsoon days (25 to 31 July 1977). The time
mean net flux divergences of latent heat and dry static energy are found to be about —0.366 and —0.471x ~

- 1018 “cal/sec respectively in the study area. Contributions from the eddy terms are in general higher for heat
budget than those for moisture budget. The budget estimates of mean rates .of radiational coolingand :

precipitation for the observational period are fo
comparable with the climatological values, :

1, Introduction

The moisture budget investigations over the Indian
Ocean ‘are important to know the -sources and. sinks
of monsoon energetics. Earlier studies (Pisharoty 1965;
Sikka and Mathur 1965; Saha '1970; Saha and
Bavadekar 1973: Ghosh et al. = 1978; Cadet and

Reverdin 1981 a° & b; Howland and -Sikdar -1983) -

are mainly " confined to the.’ Arabian Sea. Similar
information has not- been documented so far over the
central equatorial Indian Ocean where the presence of

Southern.- Hemispheric 'Equatorial Trough (SHED)

affects the Indian monsoon circulation (Washington
et al. 1978). In this.paper, we have presented the heat
and- mojsture budgets. of the atmosphere :(surface-100
mb). over central equatorial Indian Ocean during mon-
soon season of 1977. L L

. - Four Russian research vessels, namely, Shoklasky
(0°, 76°E), Okean (2°N, 78°E), Shirshov (0°; 80°E) and
Priboy (2°S, 78°E) formed a stationary  polygon by re-
- maining' at “their . respective - positions - from 25:to 31
July 1977 - as-a.part. of Monsoon-77 programme
(Fig. 1) and: collected surface and upper air data’at
00, 06, 12 and 18 GMT. The budget parameters have
been computed for:: the region represented by a box

L)

und to be 0.70“5: and '6.7 mm/day. respectively which are

(hereafter- referred as equatorial box) with its base
coinciding with sea surface and its top:with 100 mb

‘level. The southern and northern boundary walls

of the equatorial box are 2°S and 2°N respectively while
its western and eastern boundary walls are 76°E and
80° E respectively. SRR
The computations were carried out on the assump-
tion that the individual ships are at the centre of each
boundary wall and each ship’s data are representative
of the entire wall which is equivalent to a length of 4°
latitude (440 km). ' ‘ S

2.1. List of symbols
Q. = Latent heat at the sea surface

L, = Heating due to precipitation

0, = Fluxof latent heat across a boundary wall

Q, = Sensible heat at the sea surface o

R, = Radiational cooling in the equatorial box

0, = Fh?l( of dry static. energy gc_tbssj;a bouhdary
wall - E —

I = Lengh of boundary wall

L = Latent heat of evaporation -
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Fig. 1. Location map.of the equatorial box (Monsoon-77)

V, = Mean normal velocity component in a layer

T = Mean éi,_;tiig]py inalayer

$ = M'ea."xi‘ gééébteﬁtiél in a Tayer Sl

g = Mean spec‘i‘,ﬁ‘c,humidity in a layer. ‘
¢, = Specific heat of dry air at onstint pressuré

O.a = Total net flux divergence of latent heat in
the equatorial box . .

in the equatorial box

O = Total net ﬁuxvdiVergehce_of dry static enérgy

3. Methoedology

and mojsture budget parameters :

o FLFRA Q=0 .

*The following' equations are 1 sed to evaluate ijea_t

Q. —‘Lp=de e (2)

Q= 0t Qe IR A
Total flux of later heat across a boundary wall "~

ST e B s T
LT 2t R
T Q=0+ O = ?J‘ Lq- Vn',a.dp ‘ -

p P _
B N RS2 O

. Dr

Total net flux divergence of latent heat in- eqy.
atorial box, : : : )

Out = O — Do+ Oun — Gy ®

- where ¢, w, n and s in the subscripts refer to indivj-

dual fluxes across eastern, western, northern and south.
ern boundaries respectively. o .

Total flux of dry static energy across a boundary

o B e
L e=ltor = %L@P—?,f@-ﬁ-@-,

R . e
+ L fp T + 40V, o

Total net flux divergence of dry static energy in the

- equatorial box,

B - H

where bar and prime indicate time mean and eddy

- components. The fluxes of latent heat (Q,) and dry
static' energy (Q,) at individual locations are computed

i~ . by integrating at 50. mb interval from 1000 mb level
. onwards and in the lowest layer; the actial difference
“-between the surface pressiire and 1000 mb is considered.
.. The lateral flux dcross each boundary is then obtained

Po.py = Pressuresat bottom and top of each layer' " -

‘by. multiplying individual station.flux with the length

~of:each wall. The values of Q, and Q; have been taken

from Rao et al.-(1985), who ‘persented for the same

- polygon area and period.

‘ 4. Results and discussion -

-..-The vertical profiles of the time means‘of témperature

(T), specific himidity (g), wind components ‘(@ & ¥),
:mean’ and eddy terms of latent heat flux (0, Q')
and. dry static energy (Q, Q') for each, boundary wall
are presented in the Figs. 2 to 5.(The mean value for

“the layer surface-1000 mb is plotted at 1000 mb level).

- ~At eastern boundary wall -of ‘the equatorial ' box,
the trends of T and g are'quite notmal (Fig: 2). The
zonal" wind ‘component (positive edastward): is stronger
“than its’ ‘meridional ‘componént: (positive northward)
‘throughout the troposphere. ' This higher zonal- com-

ponent in this region is due to the presence ‘of:-strong
westerly winds which are generally observed between
70 & 80°E during monsoon season (Cadet and Reverdin
1981b). Itisinterestingto see that both wind compo-
‘nents‘increase -with height in-the lower layers indicating

- the’ steadiness ofthe' wind ' direction:with: height. The
‘profiles of "Q,, and O, are similar to that of u,in the
lower-layers.: There is no Systematic variation. of- eddy
-components. which are ‘2 orders:smaller than the mean
. ~’‘components in:the <case -of :Qy, and: 3 'to-4 orders:in
‘the case’of dry static enérgy. They seem to.be un-
~important: when ‘compared with the mean values in the
" layers but - their contribution towards total budget

is really significant as seen from Tables 1 & 2.
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Fig. 2. Mean profiles of temperature (T), specxﬁc humidity Fig. 3 Same-as Fig. 2 but for western boundary wall
. (g), wind components (¥ & V), lateral flux of latent :

* heat (3, & Q,), and dry static_energy (Q, & 0')
"~ across eastern boundary wall

TABLE 1

. Total flux of Iatent heat (@) & Q,) across walls and the net flux dive;geuee _in the equatorlgl box (unit : 10'® cal/sec)

T Eastern' . Western "Northern , Southern” Net flux .
Layer”thickngss'_,; . R et e e r—'-'-’“—"—-: ,.‘_—.A.-—.—\ :—-—-—*——'—\ A DN&'ECDOC

_Qw‘ ’Q.’w ) Qw ) Qf»}v Qw Q'w éw Q% O  Qw de

CSuced00 5564 —0.53 4226 —0.0 —42.88 0.008 —27.2 —0.003 —2.30 —0.29 —2.59

700400 . 7.69 —0.26 12.88 0.009 —0.13 006 —4.02 —0.083 —1.30 —0.12 —1.42
400100 0 T amo 0.03 —1.47 . 0.00  0.34 0.003 —0.16 -—0.044  0.27 0.8 :0.35

Sl L 6163 —0.6 567 ~0.21 —42.67 0071 —31. 3B 043 333 —0.33 —3.66

TABLEZ
B Same as Table 1 but for dry static energy; uait : 101 calfsee
sy , Eastern T W%tem ' Northem “Southern -, . Net flux ‘
P T s rnsane r———-—‘*—-—«——ﬂ Ay Ay .«-—-—~—-—~—~—-\ Dwergence
N Qv_ @y - ) Q—v :‘Q"v : o vi Qv . 4 "rév B < £ Q-vd @' Q-

. Surfaceq00 .. 760 . .0 0,05, " 6107 —0.0095 —50.4 0.0024 —-36.4_0.0009 . 1.0° 0.016  1.016

900400 1 08, 5-—00055 "55.0 —002 ~—0.5 0.0054 =20.2 0:0019 —6.8 0.018 —6.782
o000 T Cainls L 0,067, —189.7 20,0017 —1.0 0.0085 —28.0 —0.017 5.2 0.095 5295
;’ro@_ "._1070 70.066, 3.7 »«0031 —51 9 00163 _—~846 -«0014' —0.6  0.120  —0.471
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Fig. 4, Same as Fig. 2 but for northern boundary wali

Fig. 3 presents the vertical profiles of the budget
parameters at western boundary wall. Here both
the wind components are found to be weaker than
those observed at the eastern boundary. This results
in the weaker fluxes observed in both mean and eddy
terms. .

From the trends at northern boundary (Fig. 4),
it can be said that T and ¢ profiles are more or less
similar to-those observed at other boundaries but the
zonal wind component is. stronger throughout -the
troposphere. At this boundary, the signs of the eddy
terms are coinciding with the mean components especially
in the lower layer (1000-800 mb) whereas an opposite
trend is seen at eastern and western boundary walls.

At the southern boundary wall (Fig. 5) the components
of wind are found to be least. The westerlies extend -
to higher levels and northerlies are seen through most
of the troposphere. The eddy terms are comparable
with those observed at northern boundary.

In general, there is not much spatial variability
in the vertical profiles 'of T and ¢4."So, the deviations
in the observed- fluxes at the different boundaries are
mainly due to the spatial variability . of the normal
velocity components. The mean and eddy fluxes of.
Q, for the three different layers — surface to 700;
700 to 400 and 400 to 100 mb across each ‘wall along
 with the net total flux divergence value Q,, (negative
inward; positive outward) are shown in the Table 1. The
mean and eddy components are found to be maximum
at the eastern wall and minimum at the southern wall

-in the lowest layer- (surface-700 mb). This is mainly

'
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Fig. 5. Same as Fig. 2 but for southern boundary wall

due to broad scale mean northwesterly flow dominated
in the equatorial box. In general the mean fluxes
decrease with height at all boundaries except at the -
northern boundary where minimum values are encoun-
tered in the middle layer on account of very weak
winds. There is no systematic trend in eddy terms
but it is seen that they are relatively higher at eastern
and western boundary walls. A net flux convergence
in the Jower layers and divergence in the top layer are
observed. The total integrated net flux divergence
of mean and eddy terms of latent heat are found to

. be —3.33 and —0,33x 102 cal/sec respectively. This

indicates that there is met convergence of latent heat
flux in the equatorial box during the study-period with
109 -contribution from the eddy terms.

The mean and eddy fluxes of dry static energy in
different layers across each wall and the net flux diver-
gence are presented in the Table 2. The maximum
flux is observed in the top layer at the eastern wall
‘whereas the minimum is found in:the middle layer

" at northern wall. The eddy components are positive

and increasing with height. It is interesting to note that
the divergence in the top and bottom layers is almost
compensated by the convergence in. the middle layer.
The net flux divergence of mean and eddy components
are —0.6 and 0.129 108 calfsec respectively. At
individual boundary walls one could see that eddy terms

- are negligible compared with the mean : components

as they are 3 to 4 orders smaller than the mean terms.
But if we look at the contributions of mean and eddy

- terms to the total flux divergence in the central equato-

rial box, the eddy terms: are found to be significant.
It is seen that contribution from the eddy terms 1S
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TABLE 3 -3. Conclusions

Mean fluxe s in the eqatorial hox

(unit : 10 calfsec)

Pararneter Mean value
’.Qa‘ : 0.509
Qs e 0.034
Qwd —0.366

- Qu , —0.471
L, ‘ 0.875
Re ' —0.438

found to be greater in heat budget than in moisture
budget. This is due to relatively steady nature of fluxes
of the latent heat while the sensible heat fluxes are
highly fluctuating on account of variation both in
temperature and geopotential height fields. It is further
expected that the eddy terms would show much stronger
variability on diurnal and day-to-day time scales as
a result of change in the convective activity of the
region,

The total integrated net flux divergences of latent heat
and dry static energy (Q,q & Q,;) areal integrated fiuxes
of Q. and Q, and the residual terms, L, and R, in
the equatorial box are shown in the Table 3. A net
convergence of Q,, and Q,; is observed and the orders
of the terms are equal. Radiational cooling (R,) is
Compensated by the precipitation heating and convergen-
ce of dry static energy. From the residual terms of L,
and R, the mean rates of precipitation and cooling in
the equatorial box are found to be 6.7 mm/day and 0.7°
C/day which are comparable with the climatological
“values of 5mm and 1.0°C/day reported for this region
(Elliot and Reed 1984; Dopplick 1972). In order to
validate the precipitation estimate obtained by the
budget method we have also compared. with the
actual rainfall observed at a pearby island station
i.e., at Gan Island (00°42’S, 73°E) since rainfall observa-
tions on board ships are not available. The observed
rainfall rate is 10.6 mm/day which is about 1.5 times
higher than the budget estimate. The difference between
these two rainfall rates is normally expected in view
of spatial variability in the tropical rainfall patterns.

(i) The differences in the lateral fluxes at the individual
boundary walls of the polygon area are mainly attributed -
to the spatial variability of winds.

(if) The mean values of Q,; and Q,; are found
to be —0.366 and —0.471x 1018 calfsec respectively.
It is found that the eddy terms also play a significant
role especially in. the heat budget affecting the
dynamics of the equatorial flow.

(#) From the residual terms of L, and R, the mean
rates of precipitation and radiational cooling over
the study area are found to be 6.7 mm/day and 0.7°C/day
respectively which are comparable with the clima-
tological values.
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