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ABSTRACT. Fluctuations in the intensity and spatial distribution of southwest monsoon rainfall
over India are well known. Spurt in the rainfall activity over India leading to strong monsoon and
cessation in the rainfall activity leading to hrc:lk/\\'e;lk monsoon are typically associated with different
synoptic situations. In these two typical situations, the variations of thermodynamic parameters like
dry bulb temperature, dew point temperature, potential lemperature, equivalent potential temperature
and saturated moist-static energy are studied and their possible use in forecasting are highlighted.

1. Introduction

The southwest monsoon rainfall over India shows
characteristic fluctuations in its intensity and spatial
distributions. In strong monsoon, there is increased and
heavy rainfall over India outside sub-montane districts
of Himalayas, northeast India and southeast Peninsular
India. In the weak monsoon, there is a subdued rain-
fall activity over these areas. In contrast, in ‘break
monsoon’, there is increased and heavy rainfall in the
sub-montane districts of Himalayas, northeast I[ndia
and southeast Peninsular India while other part of
India has considerable decrease of rainfall activity.
These phases of monsoon are found to be associated
with the position and intensity of the monsoon trough
which controls the monsoon rainfall distributions. The
monsoon trough normally extends upto 500 mb level
tilting southwards with height, is a warmer region with
strong low level convergence giving rise to vertical
velocity and strong convection, Apart from other
synoptic situations, in strong monsoon, the monsoon
trough is very active with ¢cmbedded vortices and is
south of the normal position, Whereas, in weak mon-
soon, the monsoon trough is very weak without any em-
bedded vortices and its position is normal or south of
it. In contrast, in break monsoon, the monsoon trough
moves north to the foot hills of Himalayas and some-
times is not seen at all upto 850 mb level. Thus, oscil-
lation of the axis of the monsoon trough over the
plains of north India, causes variation of monsoon
rainfall leading to strong or break/weak monsoon con-
ditions. The region over which the monsoon trough lies
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and oscillates, will exhibit changes in the thermodyna-
mic variables. Therefore, the study of the thermodyna-
mic variables over the monsoon trough during the
period of strong and break monsoon will help in
understanding (a) structure of the atmosphere, (D)
conditions of stability and instability, (c) moisture
contents and its variations and (d) monsoon activity
and its behaviour during next couple of days.

Another important reason which tempted this study
is as follows : During break monsoon, the axis of the
monsoon trough lies close to the foot hills of Himalayas
or sbmetime not seen at all in surface chart. If this
situation continues for two days or more, it is invari-
ably observed that a secondary trough forms over
Peninsular India roughly along 13 deg. N. And it is
also seen that tropical easterly jet in the upper tropos-
phere (say 150 mb/100 mb) over Peninsular Inda
becomes weak and extends to 20 deg. N without much
horizontal wind shear. This has a direct influence on
the north-south temperature gradient over India which
either reverses or gets modified and readjusted. This,
in turn, influences the thermodynamic variables over
India and in particular, over the region of the monsoon
trough.

Seven stations, over which monsoon trough, some-
times lies or oscillates, have been selected for this study.
The stations selected are : New Delhi (28°N, 771° E),
Lucknow (27°N, 81°E), Calcutta (23°N, 88°E), Jodh-
pur (204° N, 73°E), Ahmedabad (23°N, 72}° E), Nagpur

(213° N, 79°E) and Bombay (19° N, 73°E). A break
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Fig. 1. Vertical dry bulb temperatures with height

monsoon period 17 to 28 July 1972 and a strong mon-
soon period 1 to 12 July 1977 were selected on the
basis of rainfall distribution and associated synoptic
situations. The vertical profiles of the following
thermodynamic parameters over the seven stations
during the periods of strong and break monsoon were
prepared and studied. The thermodynamic parameters
are :

(1) Dry bulb temperature (77).

(2) Dew point temperature (7,7,),

(3) Potential temperature (6),

(4) Equivalent potential temperature (6,
(5) Saturated moist static energy (MSE)

1.1. Synoptic situation 17 to 28 July 1972 (Break
monsoon)

The eastern end of the monsoon trough moved
north to the foot of Himalayas by the 17 July 1972 in
association with the movement of a depicssion (which
was cyclonic storm for two days) from Bay of Bengal
to north Bihar, where it weakened later. While the
western end of the monsoon trough moved north to
the foot hills, in association with three western distur-
bances which moved away castwards, across Jammu &
Kashmir during the period. Thus, the axis of the mon-
soon trough lay very close to the foot hills of Himalayas
from 17 to 28 July 1972. Two low pressure areas at
700 mb level moved westwards across Peninsular
India, along the secondary trough near latitude
13 deg. N during this period. Moderate to severe heat
wave conditions prevailed over many parts of Uttar
Pradesh and Madhya Pradesh between 1 & 3 August
1972. The heavy rainfall was mainly confined to the
sub-montane districts of Himalayas and northeast
India and also over Tamil Nadu and neighbourhood,
While, the remaining parts of India had practically no
rainfall at all.

1.2. Synoptic situation 1 to 12 July 1977 (Strong
monsoon)

The monsoon trough was south of the normal posi-
tion in association with movement of depression across
the monsoon trough on 1st. The monsoon trough was
very active with embedded cyclonic circulation. cne
over Orissa and neighbourhood and other over north.
east Arabian Sea off north Maharashtra-south Gujarat
coast. Heavy and well distributed rainfall occurred over
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Fig. 2. Vertical profile of dew poirt temperatures
with height

the coumry outside northeast India and southeast
Peninsular India.

1. Data used

Daily weather charts from Weather Central, Pune
and Indian Daily Weather Reports published by India
Meteorological Department (LM.D.) were consulted
to select strong and break monsoon period, Upper air

observations published by LM.D. were also used in
this study.

3. Discussion of the results

3.1. Comparison of dry bulb temperature (TT)

Fig. 1 shows the graph of vertical dry bulb tempera-
ture with height for seven stations on strong and break
monsoon day. Mean TT graphs for strong and break
monsoon periods are similar to the individual days.
It is seen that, there is a significant change in TT
profile between strong and break monsoon day/period
and this is important in the heat budget study of the
monsoon circulation, In particular, TT values in break
monsoon over Delhi, Lucknow, Calcutta and Nagpur
are higher by a degree or two upto 850 mb level and
are lower above, Whereas, TT values in break mon-
soon over Ahmedabad, Bombay and Jodhpur are less
by a degree or two upto 700 mb level.

3.2, Comparison of dew point temperatire (T,T;)

Fig. 2 shows the vertical profile of T,T; with height
for strong (5 July 1977) and break (25 July 1972)
monsoon day. The most significant feature®is that
T,T; values on strong monsoon day are higher by
2° to 3°C. This should be, as during strong monsoon
moisture content is more and its extension is upto 500
mb level sometimes. The difference in the moisture
content between strong and break monsoon day is less
over the eastern half of the monsoon trough (viz.,
Calcutta and Lucknow) and more over the western
half of the monsoon trovgh (viz., Delhj).

Fig. 3 shows the vertical profile of T,T; with height
for the period of strong (1-2 July 1977) and break (17-28
July 1972) monsoon. This also shows that the moisture
contents and its vertical extension are very high in the
strong & break monsoon and the difference in the
moisture contents between strong and break monsoon
period over the western half of the monsoon trough is
more than the eastern half of the monsoon trough.
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Fig. 3. Vertical profile of dew point temperature with height
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Fig. 5. Vertical profile of equivalent
5 July 1977)

with height for strong monsoon

This property of TT; can be explained as follows :
During strong monsoon, the eastern end of the monsoon
trough extends into north Bay across the plains of north
India. The winds over north Orissa and West Bengal
coasts are mainly southeasterlies which cause incursion
of moisture from the north Bay there and hence the
higher values of T3Tg. During break monsoon, the
eastern end of the monsoon trough ligs along the foot
hills of eastern Himalayas. The wifds over coastal
Orissa and West Bengal are predominantly southerlies
which cause incursion of moisture over Bengal, Orissa
and northeast India and hence the higher values of
T,T; there.  Further, during strong monsoon, the
western end of the monsoon trough extends into north-
east Arabian Sea off Saurashtra-Gujarat coast. The
winds over Saurashtra-Gujarat coasts are mainly south-
westerlies from the northeast Arabian Sea causing the
incursion of moisture and higher values of T;T;. This
is also supported by the satellite pictures in the strong
monsoon conditions where intense, convective clouds
are observed over northeast Arabian Sea and neigh-
bourhood. During break monsoon, the western end
of the monsoon trough lies close to the foot hills of
western Himalayas and the winds over northwest
{ndia are dry westerlies causing less incursion of mois-
ture and lower values of TTy. Satellite pictures
during break monsoon show shallow layered clouding
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Fig. 4. Vertical profile of potential temperature with height
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Fig. 6. Vertical profile of equivalent potential temperature
with height for break monsoon (25 July 1972)

over northwest Arabian Sea off ‘Arabia’ coast showing
that westerly winds over northwest India are mainly
dry with little moisture.

3.3. Comparison of potential temperature (8)

Fig. 4 gives the vertical profile of 6 with height
on strong and break monsoon day. The values of ‘¢’
are less in break monsoon over Delhi and Calcutta
and more over Lucknow, Nagpur, Ahmedabad and
Bombay. Since f increases with height over all the
stations on both break and strong monsoon day, there
is static stability. This static stability increases with
height over all the stations. During break monsoon,
atmosphere tends towards more static neutral.

3.4, ((J:r)nparison of equivalent potential temperature

Figs. 5 and 6 give the vertical profile of 6, with
height, on strong (5 July 1977) and break (25 July
1972) monsoon day and strong (1-12 July 1977) and
break (17-28 July 1972) monsoon period respectively.
When we examine the profile for the period (Fig. 6),
there is convective instability over all the stations in
the lower levels as 6, decreases with height. This has
been pointed out long ago by Normand and Rao (1946).
The height of convective instability is approximately
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TABLE 1

Moist static energy (10° ergs)

op T
YA
Lg
Total

T
ez
Lg
Total

25 July 1972
2858 2249
301.2  571.9
112.8 37.6
3272

25 July 1972

2943 2838 2709
138.4 301 571.9
426.3  213.1 117.8
3512,7 3352.1 3398.7

25 July 1972

2874 2709
303.1 5748
213.1 55.2
334.2 3339.0

25 July
2826
302.1
137.9
3268.0

5 July 1977
2838 2709
297.2
268.3
3403.6

5 July 1977

2968 2828 2749
136.8 299.2 570
338.5 288.4 112.8
3443.3 3415.6 3431.8

300 200 1000 8se

Calcutta

2470 2948
955.5 . 132.8
20.1 —- S01.1
3445.6 3582.3

Ahmedabad

3007.9 2893
— .7 137.8
501.3 326
3508.5 3361.8

Nagpur

2470 ) 2998 291§
950.6 : 0 143
241 .8 376.1 326
3444.7 3374.1 3387

Lucknow

2958

133.2
376.1

3467.3

5 July 1977

2858 2719 2480
299.2  570.9 956.5
326.0 105.3 18.1

3483.2 3395.2 3454.6

5 July 1977

2884 2719
299.2  571.9
351.0 137.9
3534.2 3428.8

S July 1977
2828 2679 2440
295.3  564.1 942.7
225.7 117.8 13.3
3349.0 3360.9 3396.0

5 Julv 1977

2858 2699 2460
300.2  571.9 949.6
150.4 75.2 12.2

3308.6 3346.1 3421.6

5 July 1977

2818.7 2699.2 2440
298.2 566 947.6
175.5 75.2 19.8

3292.4 3240.4 3407.4

25 July 1972
2808 2699.2 2460
305.1 573.9 D9s55.5
175.5  122.9 24.1
3288.6 3396 3439.6

25 July 1972

2848 2709 2709
295.3 566 949.6
300.9  105.3 12.0
3444.2 3380.3  3670.0

2480
1227.2
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Fig. 7. Vertical profile of saturated moist static energy with
height for strong & break monsoon

upto 500 mb over all the stations and the atmosphere
becomes stable above 500 mb level. The values of 6,
are higher in strong monsoon period over all the stations
except Calcutta and Lucknow. On individual break
and strong monsoon day (see Fig. 3), the presence of
convective instability depends mainly upon the in-
cursion of moisture as in the case of Bombay. How-
ever, the values of 6, in strong monsoon aré signifi-
cantly higher than the break monsoon day.

3.5. Comparison of saturated moist static energy
(MSE)

The saturated moist static energy (MSE) was calcu-

lated for all the seven stations for strong (5 July 1977)

and break (25 July 1972) monsoon day and its vertical
profile given in Fig. 7 and values are given in Table 1.

The MSE is defined as :
MSE = ¢,T + gZ -+ Lq,
where, ¢, = Specfic heat of dry air for constant

pressure,
T — temperature in absol.ate,
g = gravity
Z = height
L = latent heat of condensation
g = specific humidity at saturation.

The term ¢,T measures enthalpy and depends on
T. The second term gZ measures potential energy
and is function of Z. The third term Lg measures
latent heat and is function of ¢. At standard levels, i.e.,
1000, 850, 700, 500, 300, 200 mb, these three quantities
have been calculated for the strong and break monsoon

day and compared.

There is no significant change in the enthalpy term
between strong and break monsoon day as the profile
of dry bulb temperature on both days are almost
same as seen under 3.1 Similarly, the ‘potential
energy’ which isa function of height (Z) does not show
any change between strong and break monsoon Cases
over all the stations. There is a significant change in
the last term Lg, i.e., latent heat, which is function of
moisture. As content of moisture is more in strong

monsoon over all the stations (vide 3.2), the Lqg term has
higher values over all the stations level by level. We
find, on strong monsoon day; (i) The value of MSE
is more in low level upto 700 mb level over Delhi,
Calcutta, Lucknow, Ahmedabad and Bombay mainly
duc to the increase of moisture, (ii) MSE increases with
height upto 850 mb level and decreases upto 500 mb
level over Delhi, Ahmedabad and Calcutta, (iii) Maxi-
mum value of MSE is at 500 mb over Delhi, Lucknow
and Calcutta and is at 700 mb level over lodhpur,
Ahmedabad and Nagpur. We also find, on break
monsoon day MSE has minimum value at 700 mb
level over Delhi, Lucknow, Nagpur and Calcutta and
at 500 mb level over Jodhpur and Ahmedabad. Over
Bombay, MSE and its profile are similar on both strong
and break monsoon period though MSE values are
higher on strong monsoon period. This is mainly due
to the more moisture in strong monsoon period.

4. Similar studies by others

Harris and Ho (1969) studied the vertical profiledry
bulb temperature over Saigon and concluded that there
is no significant change, similar to that of strong and
break monsoon situations. Gray et al. (1970) postulated
that this property has greater significance in the circu-
lation and radiation budget of the monsoon. Normand
and Rao (1946) pointed out that there is always con-
vective instability in the lower level during the monsoon
period. However, this holds good only when there is
good moisture content as it is in monsoon period,
particularly during strong monsoon period. Riehl and
Malkus (1958) have studied the total energy between

P

pressure level Py and P given byE = f Q dP, where,

Py

Q=T+ gZ+ Lg= saturated moist static energy,
over the equatorial trough zone over ocean and land.
From the values of Q, Srinivasan and Sadasivan (1975)
obtained 6, values over India in active and weak mon-
soon periods. They find that ., values over India are
much higher than those calculated by Riehl and Malkus.
In the present study 8, values calculated for break and
strong monsoon over the monsoon trough region are
the highest, though in break monsoon they are relative-
ly smaller. Anjaneyulu (1269) found that the energy
content in monsocon trough is much more than the
mean equatorial trough. Young (1972) found that
26,/2Z decreases by increase of 6, in the mid-troposphe-
ric levels over the oceanic stations and by decrease of
0, in lower troposphere over the land stations. In the
present study, ¢0,/2Z decreases due to the increase
in 0, near mid-troposphere values. Srinivasan and
Sadasivan (1975) found similar results during active
and weak monsoon period over India.

5. Conclusions

In view of constrasting features of synoptic situation
and rainfall during the break and strong monsoon pe-
riod, the study was undertaken to examine the vertical
profile of thermodynamic parameters and their proper-
ties, which can be of great help in day to day forecast-
ing. The stations selected are situated over the mon-
soon trough region which is the region of low level con-
vergence and positive vorticity field. It is observed that :
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(i) There is no significant difference in the dry bulb
temperature profile with height, in both the days, (ii)
There is a marked and significant difference in 7,7,
profile on both days, where during strong monsoon
day, T;T; values are much higher (as much as 6 to 8°C)
than the break monsoon day, (iii) Over Calcutta and
Delhi, values of # are less in break monsoon than in
strong monsoon and reverse is the case over other
stations. There is static stability over all the stations
on both the days as # increases with height, (iv) It is
generally known that, there is convective instability
over the monsoon area as monsoon region contains
plenty of moisture. This holds good for the break and
strong monsoon period though the values of 6, are
higher in the strong monsoon period. On individual
days, there can be convective stability in the lower levels
(i.e., 8, decreases with height) when there is no moisture
incursion over the stations and (v) Moist static energy
in strong monsoon is much higher than the break mon-
soon. Profiles of MSE and 4, are similar.
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