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Heights of Cb clouds around Chhatrapati Shivaji International (C.S.1.) airport,
Mumbai - Diurnal and seasonal variations
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ABSTRACT. Based on radar data collected at the Meteorolo@éfate, Chhatrapati Shivaji International (C.S.1.)
airport, Mumbai during the years 1990-99, a study been made on cumulonimbus (Cb) clouds with treght of top
6 km or more over an area having a radius of 20@#found the airport. The seasonal, monthly andidistribution of
the total number of Cb cells and their heights, benof days with Cb, Cb cells that reached tropepaueight, the
preferred places of formation of large Cb cloudd #reir movement have been examined and discu$sedsynoptic
situation(s) responsible for the development ofdBiuds around C.S.I. airport, Mumbai have also bdentified and
discussed.

Key words — Cumulonimbus, Frequency distribution, Monsodrgpopause, Synoptic situation, Tropospheric
level.

1. Introduction analyse and infer about the height of Cb clouds, it
frequency of development in different months and

A Cumulonimbus (Cb) cloud, giving lightning and seasons, its hourly distribution, number of daythwlaily

thunder, is one of the most important weather phema maximum top height at different months, area of

and is caused by great instability present in theformation & their movement and synoptic situatias(

atmosphere. Such clouds pose serious aviation dezar which facilitates the development of Cb clouds acbu

due to severe turbulence,heavy electric dischaigjeg C.S.I. airport, Mumbai.

etc. Violent surface phenomena like squalls, haimas,

heavy rainfall associated with Cb clouds may cause2. Data and methodology

damage to property and even loss of life. As theicad

extent of Cb clouds has a direct bearing on thengity of The study is based on hourly observation of echoes

the associated weather phenomena, it is highlyngaséo from convective clouds within 200 km around Mumbai

have a precise knowledge of the height of top of Cb (Fig. 1) made during the period of 10 years fror8(-99

clouds, particularly in respect of those places rettaey with the storm detection radar (X - band) installed

develop frequently and have operational signifieanc at C.S.I. airport, Mumbai. All convective cells (amafter

Here Chhatrapati Shivaji International (C.S.l.) pait, called cases) whose top reached a height of 6 km or
Mumbai and 200 km around has been taken as theohrea more are taken as Cb and considered for this study.
my study. All observed cases are counted and tabulated himer-w

and month-wise against heights (km) of the tops.
The study of echo tops by utilizing radar data done The preferred areas of formation of high Cb cell@ km
by various authors Ilike Despande (1961, 1964),or more) of a particular month, their orientationda
Kulshrestha (1962), De (1963), Bhattacharya and Demovement are examined by plotting the hourly maxmu
(1966), Mukherjee and Kumar (1996), Biswas and &upt tops in polar diagram and their monthly directioisav
(1989) and Hosalikar (2001) may be mentioned is thi frequency is tabulated. The cases of penetration
connection. An attempt has been made in this stady of tropopause by the Cb clouds areerd@hed by
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Fig. 1. Bombay airport

considering the average height of tropopause widch
taken as 16 km for Mumbai. India Weather Bulletin
(IWB) issued by India Meteorological Department and
synoptic charts of Meteorological Office, Mumbaiear
studied to identify the synoptic situation(s) resgible for
the development of Cb clouds around C.S.I. airport,
Mumbai.
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3. Analysis and discussions

Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total 'I of yeurly
total
3.1. Total number of cases Months

Table 1 shows the monthly and hourly frequency Fig. 2. Monthly total no. of cases shown as percentageafly total
distribution of total number of cases for the pédrio
1990-99. It is seen that no case has been reportdte clear that the total number of cases have been rstasw
month of February. The number of cases was veryifiew percentage of the yearly one.
the months of January, March and December and was
associated with Western Disturbance. Some cases wer From Table 1 and Fig. 2, it is clear that the four
reported in April, May and November which are retato months of SW monsoon season contributed 83% of the
cyclonic storms developed over Bay of Bengal and yearly total number of cases whereas the first dind last
Arabian Sea. It was occasional in the month of @eto  two months of the year together contributed onkg4 of
and frequent in the SW monsoon months. In Eidtis the same.
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Fig. 3. Hourly variation of total no. of Cb cells arouhiimbai Fig. 4. Month wise maximum top height of Cb cells around
(shown as Percentage of yearly one) Mumbai
TABLE 1

Hourly distribution of total number of cases with top height at 6 km or more during 10 years 1990-99

Hour Month Total % of
(UTC) Jan Feb Mar Apr May  Jun Jul Aug Sep Oct Nov Dec yearly

1 1 5 64 79 46 49 11 255 3.64
2 1 6 60 78 47 50 8 250 3.57
3 1 8 69 72 46 48 9 253 3.62
4 1 6 63 77 46 47 9 249 3.56
5 2 6 68 81 47 49 9 1 263 3.76
6 2 7 68 86 54 50 4 1 272 3.89
7 2 7 62 90 55 51 8 2 277 3.96
8 1 7 66 95 55 60 9 3 296 4.23
9 1 11 86 95 56 60 33 3 345 4.93
10 1 1 15 86 92 55 86 49 6 391 5.59
11 1 1 2 16 82 84 52 81 62 15 396 5.66
12 1 2 14 76 78 54 78 75 14 392 5.60
13 1 3 10 81 83 47 68 82 13 388 5.54
14 1 3 14 75 73 47 63 73 11 360 5.14
15 1 9 69 73 46 54 57 6 1 316 452
16 5 67 72 45 57 44 5 2 297 4.24
17 3 62 69 34 57 34 6 1 266 3.80
18 3 60 61 36 47 27 5 1 240 3.43
19 6 60 57 43 43 25 5 239 3.42
20 1 4 63 62 43 42 24 2 241 3.44
21 1 7 64 62 41 44 20 2 241 3.44
22 1 4 72 66 46 49 15 2 255 3.64
23 2 4 67 77 46 48 12 2 258 3.69
24 2 4 72 75 41 50 13 1 258 3.69
Total 3 4 30 181 1662 1837 1128 1331 712 105 5 8699

% of yearly 0.04 0 0.057 0.43 258 2374 2424 16.11 19.01 10.17 15 0.07
total
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TABLE 2

Monthly and seasonal distribution of total number d Cb cells (around Mumbai) attaining a certain
height (6 km) or more during the period 1990-99

Height (km)

Total
6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Jan 3 3
Feb 0
Winter season 3 3
Mar 4 4
Apr 6 8 2 9 5 30
May 59 64 26 14 13 5 181
Hot weather season 65 76 28 23 18 5 215
Jun 548 522 263 68 136 3 60 6 15 18 13 1 8 1 1662
Jul 758 623 290 66 74 4 9 9 2 2 1837
Aug 510 366 185 33 19 2 5 2 6 1128
Sep 573 407 171 50 77 4 19 5 1 15 2 5 1 1 1331
Monsoon season 2389918 909 217 306 13 93 22 18 41 15 6 9 2 5958
Oct 142 150 115 36 106 7 46 27 12 42 7 11 11 712
Nov 41 27 21 7 2 2 2 3 105
Dec 2 3 5
Post monsoon 185 180 136 43 108 9 46 29 12 45 7 11 11 822
season
Annual total 26422074 1073 283 432 22 144 51 30 86 22 17 20 2 6998
TABLE 3

Total number of days with daily maximum tops of Chcells around Mumbai reaching the height x (km) or nore during 1990-99

Height x (km)

Month Total

6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Jan 1 1
Feb 0
Mar 1 1
Apr 3 2 1 2 8
May 11 10 8 5 6 3 43
Jun 20 56 52 13 25 1 13 1 5 9 2 1 1 1 200
Jul 28 73 50 15 15 3 3 2 2 1 192
Aug 56 46 33 8 7 1 2 1 2 156
Sep 39 39 33 9 24 2 4 2 1 5 2 1 1 162
Oct 9 16 13 3 13 4 12 7 3 14 2 5 6 107
Nov 5 6 7 2 1 1 1 3 26

Dec 3 3




BISWAS : HEIGHT OF Cb CLOUD 245

TABLE 4

Month-wise and hour-wise distribution of the numberof Cb cells when they reached or crossed the avea
height (16 km) of tropopause during 1990-99

Hours (UTC)

Month Total
3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
Jun 1 1 1 1 1 1 1 1 1 1 10
Sep 1 1 1 2 2 7
Oct 1 3 2 1 3 4 3 1 1 19
Total 1 1 1 1 1 2 4 4 2 5 5 5 2 1 1 36
3.2. Diurnal variation of development of Cb clouds Hot weather season (March to May) - About 3% of

the annual total number of cases occurred during th
Regarding diurnal variation of total number of season . Out of this seasonal total, nearly 30%Idped
annual cases we see that the minimum number occurreto 6 km, 35% to 7 km, 13% to 8 km, 11% to 9 km, &%
during 1800 to 2100 UTC and the maximum number 10 km and 2% to 12 km.
during 1000 to 1300 UTC. In Fig. 3 the hourly véigas
of total number of cases for every month have lsbemvn South west monsoon season (June to September)-
as percentage of the yearly total. It is clear thattotal About 83% of the annual total number of cases aedur
number of cases increased after 0800 UTC and becamduring this season. Out of the seasonal total aB6&b
maximum at 1100 UTC. developed to 6 km, 32% to 7 km.e(, 72% cases
developed up to 6 to 7 km), 15% to 8 km, 4% to 9 kb6
It is interesting to note that about 57% of theesas to 10 km and 4% to 11 km or more. The number oégas
occurred during the period from 0600 to 1700 UT@ an developed was maximum in July followed by June. But
about 32% during 1000 to 1500 UTC. The reason neay b the highest top heights attained were maximum imeJu
the temperature effect which is most prominenthe t followed by September.
afternoon hour of the day while the moisture effect

prominent at any time as per synoptic situation.
Post monsoon season (October to December)- About

12% of the annual total number of cases developeidgl
3.3. Heights of top of Cb clouds this season. Out of this seasonal total nearly &f%he
cases developed in the month of October. About 11%
Table 2 shows the monthly distribution of total CaSes developed in November. 33% cases of thers#aso
number of cases attaining a height 6 km or moree Th total developed to 10 km or more and 9% cases toni5
month-wise maximum heights are plotted in Fig.tdisl ~ OF more. However, the development of large Cb cells
seen that the maximum height of top of Cb cloudsiad (height 10 km or more) were confined only in Octobe
Mumbai was 6 km in January, 7 km in March and
December, 10 km in April, 12 km in May, 15 km inyJu )
August & November, 18 km in October and 20 km inelu 3.5. Number of days with cases
& September. ) ) ) )
A day with Cb cells is counted against the maximum
Seasonal distribution of cloud top heightss(km) is 0P height (km) attained the cells during that ipafar
also presented in Table 2. day. Such a maximum top height may be considered as
“Daily maximum height”. The total number of days in
each month during the period under study is couatetl
3.4. Seasonal distribution of top heights tabulated against the respective daily maximum Higig
(Table 3) The total number of days and cases with C
Winter season (January & February) - During winter clouds was maximum in June followed by July but the
season, development of Cb clouds was rare (0.04fb) a number of days with daily maximum height reaching
its height was also minimum. 10 km or more was higher in October followed byelun
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TABLE 5

Month-wise frequency distribution of development oflarge Cb cells (top height 10 km) in different directions

Month Directions Total
N NE E SE S SW w NW
May 1 | 4 5 1 [ 0 0 13
June 6 9 10 17 8 8 [ 2 61
July 2 6 5 7 5 8 2 3 38
Aug 3 3 6 2 0 2 0 0 16
Sep 5 12 16 18 I 7 3 4 76
Oct 8 40 35 42 14 5 1 9 154
3.6. Cases that reached tropopause height and stroke the station with over head patch. Thaheéy

were found to move from land to sea (N/NE to S/SW).
The monthly and hourly distribution of the number
of cases when the top height reached or crossed the
average height of tropopause (16 km) over Mumbdi an On the other hand, after the onset, the development
neighbourhood has been shown in Table 4. A totallrar of Cb cells took place within the monsoon air (a&g®
of 10 cases occurred in June, 7 in September anith 19 type) under favourable synoptic conditions. However
October during the years 1990-99. The averagethese were not well developed (Cb top 6 to 7 kny)oat
frequency per year was 3.6 out of which 1.9 was inwinds were sheared between lower and upper levels
October. (easterly in upper level and westerly in lower IgvEhese
echoes moved from W/SW to E/NE directioa., from
sea to land. However on a few occasions intense
convection also took place (development of large Cb
3.7. Preferred places of formation of high Cb clouds cells) along the coastal areas under the influeote
(> 10 km) and their movement monsoon disturbances.

In order to examine weather there is any preferred
places (directions) of Cb to grow very high, montise 4. Synoptic  situation(s) responsible for the

frequency of development of very high Cb cells are development of Cb cells
plotted on polar diagram and direction-wise frequyen
distribution is presented in Table 5. It is observed that the development of Cb clouds

around C.S.I. airport, Mumbai was associated wité t
formation of one or more of the following synoptic
It is seen that in the transition periods thaté$obe situation(s):
onset of south west monsoon (end of May to middle o (i) An upper air cyclonic circulation (UACC) / low
June) and after the withdrawal of the same (midafle pressure area (LOPAR)/depression/cyclonic storm) (CS
September to the end of October), most of the eclbbe over N/NW/SW sector of Bay of Bengal and its west
high Cb cells developed between 0900 and 1800 UXTC anorth west ward movement across the country.
NE to S sector of Mumbai airport within the range30
km over main land near Tansa, Andhra and Mulshédak (ii) A trough of low pressure off west coast/off shor
This was due to intense convection that took pkicthe vortex.
meeting zones of dry and warm air from west / noetst
with moist southerly air from the Arabian Sea dgrthese (i) An UACC/LOPAR/depression/CS over EC Arabian
periods. High echoes were also found to develop the Sea over Lakshadweep area/Karnataka - Goa coast/
Western Ghat areas. They drifted with the westertyds Maharashtra-Gujarat coast.
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(iv) Mid. Tropospheric Cyclone (MTC) over NE Arabian (iii) Though the population of Cb cells of height 6 &m

Sea and adjoining north Maharashtra south Gujaadtc more develop in SW monsoon season is 85% of total
cases, the number of Cb top 10 km or more is o%yo®
seasonal total and develop only due to the formatib

(v An UACC/LOPAR over Madhya Pradesh and significant synoptic situation(s).

Maharashtra- Gujarat region.

(iv) Transitional effects during June (dry summenvit

(vi) An UACC over Maharashtra state. SW monsoon) and October (wet SW monsoon to dry post

monsoon) are similar to wards formation of largedels
around C.S.1. airport, Mumbai.

(vii) A trough in lower tropospheric level extendirmgrfi

Madhya Pradesh to south Maharashtra.
(v) Cb cells generally develop over the land / hillshe
eastern sector of Mumbai and drift over the statioa to

(viii) An east - west trough in Mid. tropospheric level easterly winds during premonsoon and post monsoon

from WC Bay off Andhra coast to Karnataka coasbasr  seasons . During monsoon season Cb cells develep ov

peninsular India. the coastal areas in the western sector of thiistdtie to
monsoon disturbance and move eastward by the fireyai
westerly winds.

(ixX) A trough in easterlies in lower troposphericdkeaff

and along Konkan - Karnataka coast.

(vi) The Cb tops may cross the tropopause during the
months of June, September and October though such

occurrences are very rare.
However, the development of Cb cells of large

height & 10 km) were limited mostly at the onset and

withdrawal phase of SW monsoon when the aboveAcknowledgements

mentioned one or more synoptic situations developed
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