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ABSTRACT. An attempt has made to diagnose the synoptic features and some dynamic and thermodynamic
parameters associated with contrasting rainfall situations (on consecutive days) during the monsoon season, over Mumbai
Study has been made for two contrasting monsoon years, viz, 1987 (Bad monsoon year) and 1988 (Good monsoon year). For
this study RS data of Mumbai have been used.

In many cases heavy rainfall on an isolated day over Mumbai is associated with the following synoptic systems - (a)
a trough on sca level chart running along west coast through Maharashtra Coast and (b) a cyclonic circulation (CYCIR) over
Guijarat in the lower/middle tropospheric level.

At least one of the above two systems ceased to exist on the days of light rainfall.

Weighted average value of moist static energy is more on the day of heavy rainfall. In most of the cases convective
available potential energy (CAPE) is also more on the day of heavy rainfall. LFC, on most of the cases, is seen to have lowered
down on the days of heavy rainfall. Vanation in upper air flow pattern and scorer parameter also gave very inleresting clues
to variation of rainfall on contrasting days.

Key words — Monsoon rainfall, Thermodynamic parameters, Convective available potential energy, LFC, Synoptic
features, Scorer parameter.

1. Introduction

It is often observed that Mumbai geis contrasting

were regarding precipitation over tropical oceanic and land
regions, mostly confined to Carribean and the Pacific re-

amount of rainfall on two consecutive days during the
summer monsoon season. On some of the occasions this
contrasting rainfall is associated with near similar synoptic
situations on two consecutive days and on some another
occasion it is associated with different synoptic situations.
Similar type of studies for different tropical regions were
carried out by Richl (1954), Reihl et al. (1973). Their studies

gions of the tropics. They had shown that days associated
with less or no precipitation activity did not contain less
moisture than the days with good rainfall.

Anantkrishnan et al. (1965) had also shown that pre-
cipitable water contents (PWC) varies from 5.2 to
6.2gmlcm2 during the summer monsoon months over Mum-
bai. They had also shown that although rainfall over Mum-
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bai decreases nearly by a factor 2 from July to August, the
decrease in moisture content is extremely small. Srinivasan
and Sadasivan (1975) have shown that above 850 hPa the
air is generally partially saturated during weak monsoon
condition.

Sarker et al. (1978) obtained a better approximation of
rainfall from their modified orographic rainfall model on
incorporation of the above findings of Srinivasan and
Sadasivan. Mukherjee and Ramana Murthy (1978) studied
contrasting rainfall features and associated thermodynamic
behaviour over Mumbai. They computed PWC, stability
and convective instability. They found that higher rainfall
days are associated with higher static stability, less convec-
tive instability and higher PWC. They also found that dif-
ference in static stability and PWC between consecutive
days of contrasting rainfall were not significant.

In this paper studies similar to Mukherjee and Ramana
Murty (1978) have been carried out except but additional
dynamical and thermodynamical parameter have consid-
ered.

In this study we have computed the moist static energy
(MSE) which is a measure of moist static stability, convec-
tive available potential energy (CAPE), precipitable water
content (PWC), scorer parameter (SP), zonal wind variation
with height (du/dz) and lower most level moist instability
index. Also we have examined synoptic situations associa-
ted with contrasting rainfall days.

2. Data

Contrasting rainfall days have been selected from daily
rainfall data of Mumbai during monsoon season for 1987
and 1988 obtained from National Data Centre (NDC),
ADGM(R) office, Pune and RS data of Mumbai have also
been collected from NDC, ADGM(R) office, Pune.

3. Methodology

MSE have computed using the following formula :
MSE = CpT+ gZ+Lgs (1)

Where,

Cp = Specific heat at constant pressure
T = Temperature in absolute scale

g = Acceleration due to gravity

Z = Height of the pressure level

L =Latent heat of evaporation

gs = Saturated specific humidity

After computing MSE at each level, weighted average
of it have also been computed using the formula
s

3 ; MSE () Z (i)

weighted average of MSE = (2)

PIAC

where the summation is extended from 1000 to 400
hPa, since on the days under study moisture was not avail-
able beyond 400 hPa, over Mumbai.

Convective available potential energy (CAPE) has
been computed using the following formula :

“LNB _
,‘- & (T parcel= T Env )

CAPE = X< dz (3)
T Env
Pixp
= [ —R(T parcet - TEny) d(LNP) @)
PLrc

where, LFC is level of free convection and LNB is level
of neutral buoyancy. (Since in maximum cases LNB was
not found, hence the above two integrals are extended from
LEC to 200 hPa).

CAPE has been computed using equations (3) and (4).
The integrals in equations (3) arid (4) have been numerically
calculated using trapezoidal rule. Scorer parameter (SP)
have been computed using the following equations :

g BL:)
0 2
U2 U dz2

The differential approximation in equation (5) has been
numerically computed using central difference formula ex-
cept for the boundary levels, where it has been computed
using forward and backward difference formula.

Precipitable water content (PWC) in gml’cm2 have been
calculated using the following formula :

PWC = —é [ rdp ()

where,

r = mixing ratio in gm/kg

The above integral is extended from 1000 to 500 hPa
and it has been numerically calculated using trapezoidal
rule. Murakami (1977) used an index (/e), called index for
moist stability in the lower most layer for studying instabil-

ity in the lower troposphere. The expression of /e is given
by

efﬂsn B Be.r'

Jo = 0%
P, - 850

x 100 (7
wheref,g50 = Equivalent potential temperature at 850
hPa
8., = Equivalent potential temperature at surface

P = Surface pressure
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Figs.1(a & b). Vertical profiles of moist static energy

Here, we have used a slightly modified form of /e,
which is given by,

=_9_"9L9‘"ﬁ'.x100 (8)
1000 = 900

Iem
6,0 eing equivalent potential temperature at 900 hPa

and

0
hPa.

e 100oD€INE €quivalent potential temperature at 1000

4. Discussion
4.1. Synoptic features
Case I—15 and 16 June 1987

On 15 June Mumbai received 12 cm rainfall where as
on 16 June Mumbai receive 4 cm rainfall.

There was a trough extending from north Kerala Coast
to south Gujarat Coast on the sea level chart and a cyclonic
circulation (CYCIR) over east central Arabian Sea off Ma-
harashtra Coast between 5.8 km and 7.6 km as! on 14 June
and they were persisted on 15th also. But on 16th the
CYCIR became unimportant and the trough was running
from north Kerala Coast to south Maharashtra Coast.

Case II—7 and 8 July 1987

Mumbai received 13 ¢m and 1.3 c¢cm rainfall on these
two consecutive dates.

On 6th i.e., one day before the spell there was a trough
on sea level chart over east Arabian Sea extending from
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south Gujarat to north Kerala Coast, persisted on 7th but
became less marked on 8th.

Case Ill — The periods between 16 to 18 August
1987 and 19 to 21 August 1987

The average amount of rainfall received by Mumbai
during the period 16 to 18 August 1987 was 2.1 cm and that
during the period 19 to 21 August 1987 was 10.6cm. A cycir
over Gujarat and neighbourhood in the lower troposphere
extend on 18th. Further during 19th to 21st August 1997
there was a trough over east central Arabian Sea off Ma-
harashtra Coast and a eastwest trough at 700 hPa running
roughly along 20°N across the country. Also on the last day
of this period there was a CYCIR lying over NE Arabian
Sea and Adjoining land areas in lower tropospheric levels.
There was no other synoptic system.

Case IV—17 and 18 June 1988

In this case synoptic situations were not much different
between the days of contrasting rainfall. On both the days
there was a trough on sea level chart from Gujarat to
Lakshadweep area and a CYCIR over south Gujarat in the
lower middle troposphere, although the days received con-
trasting amount of rainfall, viz., 1.5 cm on 17th and 10 cm
on 18th.

Case V—23 - 24 July and 25 - 26 July 1988

The average amount of rainfall at Mumbai during the
former period was 10.3 cm, whereas during the later period
it was 1.3 cm.
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TABLE 1
Weighted average value of MSE, Static Stability, Convective Instability and Moist Instability in the lowermost layer
Rainfall MSE Static Stability Convective Moist Instability in
Case Dates (cms) kg “10* %k mb™) Instability the layer between
*10*("k mb™") 1000 & 900hPa
i 15 Jun’87 12.0 340756 0.1152 0.0012 -0.926
16 Jun'87 04.0 342677 0.1121 0.0010 3.696
i 7 Jul'87 120 333548 0.0978 -0.0166 0.923
8 Jul’87 01.3 332842 0.0930 -0.0362 -4615
iit 18 Jun'88 09.8 331793 0.0946 -0.0345 -7.400
17 Jun'88 01.5 332103 0.0955 -0.0411 -18.440
i 19-21 Aug'87 1.0 336551 0.1011 -0.0138 -2.210
(Average)
16-18 Aug'87 02.0 336009 0.1285 0.0232 1.190
(Average)
v 23-24 Jul'ss T 103 339677 0.1149 0.0031 -4.570
(Average)
25-26 Jul'88 01.4 342675 0.1210 0.0047 0.740
(Average)
vi 28-29 Sep’88 13.1 341019 0.1201 0.0233 6419
(Average)
26-27 Sep'88 019 337676 0.0995 -0.0192 -8.004
(Average)
TABLE 2
Convective Available Potential Energy (CAPE), Precipitable Water Content (PWC), LCL level and LFC level for different cases
Rainfall CAPE (A) CAPE (B) Precipitable LCL level LFC level
Case  Date (cms) (Jkg) (Jkg) water content (hPa) (hPa)
(PWC) in gm/cm”
i 15 Jun'87 12.0 0571.30 0586.00 5.30 985 820
16 Jun'87 04.0 1043.45 1086.40 5.70 990 760
ii 17 Jul’87 12,0 1629.50 1675.55 453 985 880
18 Jul’87 01.3 1503.93 1396.80 5.48 970 840
ift 19-21 Aug'87 11.0 1680.79 1214.1i 5.29 975 850
16-18 Aug’'87 02.0 1722.2 1696.98 373 980 760
v 16 Jun’88 09.8 2214.00 242539 442 970 870
17 Jun'88 01.5 2144.00 1466.40 459 970 960
v 23-24 Jul’88 10.3 0941.02 0613.75 494 990 940
25-26 Jul’'88 014 0486.85 0452.50 554 970 840
vi 28-29 Sep'88 13.1 0216.20 0374.65 5.58 990 680
26-27 Sep'88 01.9 0198.13 0278.51 5.11 980 940

During the period between 23 and 24 July 1988, on only
one day there was trough extending from Maharashtra coast
to Kerala coast on sea level chart.

This trough persisted on 25th also, but became less
marked on 26th.

Case VI — The period between 26 & 27 September
& 28 to 29 September 1988

Period from 26 to 27 September, 1988 when average
rainfall was 1.9 cm and period from 28 to 29 September
when average rainfall was 13.1 cm.

On 25, 26 & 27 September there was a trough on sea
level chart extending from north Maharashtra Coast to Ker-
ala Coast. On 27th there was a CYCIR between [.5 km and
7.6 km above sea level off north Maharashtra Coast.

On 28th the trough on the sea level chart lay off south
Maharashtra Coast, and the CYCIR off north Maharashtra
Coast extended upto 5.0 km above sea level. On 29th the
trough on sea level chart persisted at the same place and the

CYCIR lay over north Konkan and adjoining Gujarat region
and sea areas between 2.1 km and 4.5 km above sea level.

The graphical distribution of various dynamical, ther-
modynamical parameters are discussed in detail in the fol-
lowing section. However for brevity of space, the diagram
in respect of one typical case has been given.

4.2. Moist static energy (MSE)

Vertical profiles of MSE upto 400 hPa are given in
Figs. 1 (a-b) for a typical case (1) — 7th and 8th July 1987.

Case I — 7 and 8 July 1987

From the figure it can be seen that MSE decreased with
height on both the days, then after obtaining a minimum
value at a level in the middle troposphere, it started increas-
ing with height. Here MSE attained the minimum value at
a higher level on the day of light rainfall than that on the day
of heavy rainfall. Also it can be seen from Table | that
weighted average value of MSE on the day of heavy rainfall
was about 700 Jkg" more than on the day of light rainfall.
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Figs.2(a & b). Vertical profiles of zonal component of wind

Casell—15 and 16 June 1987

As in a previous case, it is seen that on both the days
MSE first decreased with height, obtained a minimum value
at a level in a mid-tropospheric layer and then increased with
height. But it is clear from the figures that MSE attained
minimum value at a higher level on the day of light rainfall
than on the day of heavy rainfall. Also the weighted average
value of MSE, as seen from Table 1, was more by 2000 Jkg
on the day of light rainfall.

Case Ill—17 and 18 June 1988

In this case, it is seen that MSE attained a minimum
value at about 3.1 km asl and then it increased with height
on both the day of light rainfall and heavy rainfall (17 June
1988 and 18 June 1988). In this case the vertical profile of
MSE attained the minimum value almost at the same height
asl. But weighted average value of MSE is more on the day
of heavy spell.

Case IV—16-18 August and 19-21 August

During the former period of light rainfall the MSE
initially remained almost stationary upto 1.9 km above sea
level, then it started falling and attained the minimum value
at 4.3 km above sea level. It remained with this minimum
value upto 5.8 km and then it started increasing with height.

The minimum most value have attained at about 3.1 km
asl and the another minimum value attained at about 5.8 km
asl.

In this case also it is clear that minimum most value
have been attained at a higher level during the period of light
rainfall than during the period of heavy rainfall.

Here weighted average value of MSE is more during
heavy rainfall period than on light rainfall period.
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Figs.3(a &b). Vertical profiles of static stability and convective
instability

Case V—23 to 24 July and 25 to 26 July 1988

For this situations also the behaviour of the MSE and
weighted average value of MSE are same. Here during
former periods MSE attains two minimum, one at about 0.9
km above sea level another at about 3.1 km above sea level.
But MSE have attained the minimum most value at 3.1 km
above sea level.

For the later period MSE decreased with height first,
then attaining minimum value at 3.1 km above sea level it
starts increasing with height.

But in this case weighted average value of MSE is more
on the day of light rainfall.

Case VI—28 to 29 September 1988 for heavy rainfall
and 26 to 27 September 1988 for light rainfall

For this'situation the days of heavy rainfall (28th and
29th September, 1988) MSE attains four minimum and
three maximum, with maximum most value at about 1 km
above sea level and minimum most value at about 3.1 km
asl. But for the period of light rainfall (26th and 27th
September, 1988) as in the earlier cases, MSE decreased
with height, from a high value at 1000 mb, attained a
minimum at about 3.1 km above sea level and then it
increased with height. But weighted average value of MSE
is more on the day of heavy rainfall.

4.3, Convective available potential energy (CAPE)

The values of CAPE for each case is given in Tabie 2.
CAPE (A) is the values of CAPE as obtained using equation
(3) and CAPE (B) is that using equation (4).

From the table we can see that out of six cases under
study, in four cases CAPE on the day of heavy rainfall
exceeds that on the day of light rainfall and in two cases we
see just reverse.
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Figs.4(a & b). Vertical profiles of scorer parameter
TABLE 3
Scorer parameter at different layers of atmosphere
Rainfall  1000mb-  900mb-  800mb-  700mb-  600mb- 500 mb- 400mb- 300 mb-
Cases Dates (cms) 900 mb 800 mb 700 mb 600 mb 500 mb 400 mb 300 mb 200 mb
i 7hl'g] 120 01310°% 0337107 0541107 087107 013,107 02410° 023100 062107
8 Jul'87 01.3 0277107 0327107 0267107 0290107 0100107 0usT10¢  0u2]10% 0357107
ii 15 Jun's? 04.0 0187107 0257107 0347107 0417107 040107 0397107 0247107 021°107
16 Jun'87 12.0 015710°% 0137107 011710t 04gli0t 048’107 074710¢ 027107 0437107
ii 18 Jun'88 09.8 0287107 040°107  07310% 037710 0707100 0397107 027010%  0.79710°
17 Jun'88 015 025107 0147107 014710%  0s0710? 0827107 o610} 0327107 0s610%
v 1921 Aug'87 110 0.39°10 0.14710%  020710%  028T10%  021710* 014100 0137107 0377107
(Average) N . i . ) .
16-18 Aug’87 020 0167107 o110t o310t oas’0? 01510t 02110 062°10°  011°10°
(Average) . - . " . .
v 23-24 Jul'ss 103 011°10% 070107 089°10°  026°10° o110 082107 048’10t 092710
(Average) oo . i ; . . . ‘
25-26 Jul'88 014 053710 032710°  048'10° 028710 03910 01510° 0157107 062°10°
(A‘Iemge] - 2 - . . . . 5 - .
vi  28-29Sep's8 13 0.10°10° 051’10 o16'10*  014710%  0a710%  03910°  039710° 0527107
(Average) . 3 . . . . . .
26-27Sep’88 019 020107 08410*  o013'10% 037107 028"10°  0a7710*  0u7’10t 04610
(Average)

4.4. Precipitable Water Content (PWC)

PWC for the individual case is given in Table 2. From
the table we see that out of six cases under study in three
cases PWC was more on the day of heavy rainfall and in
three other cases PWC was more on the day of light spell.
But the difference was not appreciable in any case. This is
in close conformity with earlier findings of Srinivasan and
Sadasivan (1975). They made a study using direct thermo-
dynamic parameters and showed that moisture content in

the lower tropospheric levels does not vary appreciably
between weak monsoon and strong monsoon conditions.

4.5. Scorer parameter (SP)

Vertical Profiles of SP have been given in Figs.4(a&b)
for a typical case (15th & 16th June 1987).

Scorer parameter at each layer (separated by 100 hPa)
of the atmosphere is given in Table 3. From the table it can
be seen that in every cases under study the value of SP, in




DUTTA & DE : A DIAGNOSTIC STUDY OF CONTRASTING RAINFALL 7

the upper part of lower troposphere and in the middle
troposphere, was more on light rainfall day than on heavy
rainfall day.

4.6. Stability

Dry convective and moist convective instability have

a8
been examined from 3—eand a—e profile. A typical vertical
F z

profile for contrasting rainfall epochs have shown in Figs.

20 a0,
3(a & b). In these figures a—and o have been plotted
4 Z

against the mean height (above sea level) of each layer. So
they represent the instability of each layer. It is seen that

08, . : ;
—a—ts positive at each layer in the atmosphere, which shows
z

that atmosphere is dry convectively stable.

In Table 1weighted average values of static stability
and convective instability, for six cases have been given.

From the table it is clear that in three cases weighted
average value of static stability is more on the days of light
rainfall and in rest of the cases it is more on the days of heavy
rainfall. From the table we can also see that in four cases
convective instability is more on the days of light rainfall
which is again in close conformity with the earlier finding
of Srinivasan and Sadasivan (1975).

Murakami (1977) introduced an index to measure the
moist instability in the lowermost layer,

which is given by

I efxsu - 8, % 100 9)
e = ——————
P, — 850

In our study we have used this index in slightly modi-
fied form, which is given as

Fang: = Be.,m = ec,um % 100 (]0)
~ 1000 - 900

Values of modified /e are given in Table 1. From this
table it can be seen that in three cases the moist instability
at lowermost layer is more on the days of light rainfall and
on the rest three days it is on the days of heavy rainfall.

4.7. Zonal wind component (U)

Vertical profile of U is given in Figs.2(a & b) for a
typical case (7 and 8 July 1987). It has been observed that
out of six cases under study, in four cases the strength of
upper tropospheric easterly is more on the day of light
spell, in one case it is more on the day of heavy spell and in
ope case It is almost same on two days.

It has been observed that in four cases the depth of
the layer of atmosphere with westerly wind is less on the
day of light spell than on the day of heavy spell.

This is in close conformity with the observation of
Sarker (1966 & 67) where he had used a dynamical model
of or ographical rainfall. It was observed by him that
vertical profile of zonal wind, upstream of the ghat (San-
tacruz) had a larger (smaller) depth of monsoon westerly
during strong (weak) monsoon condition.

4 8. Lifting condensation level (LCL) and level of free
convection (LFC)

LCL and LFC for the contrasting situations in the
different cases have been given in Table 2. From the table
it can be seen that in three cases LCL was at a lower level
on the day of heavy rainfall than on the day of less rainfall,
in two cases it was at a lower level on the day of less rainfall
and in one case LCL was at the same level on the two days
of contrasting rainfall.

Also it is clear from the table that in most of the cases
LFC was at a lower level on the day of heavy rainfall than
on the day of light rainfall,

5. Conclusion

All the six cases have been studied in detail. Almost
similar result have been observed. The salient features are
given below :

(i) In most of the cases it has been observed that
heavy rainfall over Mumbai during contrasting
rainfall days is associated with one or more of the
following synoptic situations on the day of heavy
spell or one day before: (a) A trough on sea level
chart running either from south Gujarat coast to
Kerala coast or from Maharashtra coast to Kerala
coast. (b) A CYCIR over Gujarat in the lower/
middle tropospheric level. At least one of the
above two systems and in some cases both of
these ceased to exist on the day of light spell.

(if) Initially MSE decreased with height, then attain-
ing a minimum value, it started increasing with
height. In most of the cases this minimum value
of MSE is attained at a higher level on the day of
light rainfall and also in most of the cases the
weighted average value of MSE is more on the
day of heavy rainfall.

(¢ii) In most of the cases it has been observed that
strength of easterly at 200 hPa is much more on
the day of light rainfall and also in most of the
cases the depth of layers of westerly wind is less
on the day of light rainfall.

(iv) In maximum cases CAPE is more on the day of
heavy rainfall.

(v) PWC does not differ appreciably on the days of
contrasting rainfall.

(vi) In most cases weighted average value of convec-
tive instability is more on light rainfall days.
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(vii) In some cases lower most layer is more convec-
tively unstable on the days of heavy rainfall and
in other cases it is more on the days of light
rainfall.

(viii) In the upper part of lower tropospheric layer and
in the middle tropospheric layer, scorer parame-
ter is about one order of magnitude greater on the
day of light rainfall than on the days of heavy
rainfall.

(ix) In most of the cases LFC is at a lower level on the
day of heavy rainfall than on the day of light
rainfall.
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