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ABSTRACT. Precise knowledge of the frequency of occurrence of cumulonimbus clouds as well
as heights of their tops is pertinent for safe air navigation. A study has, therefore, been made of the
frequency of occurrence of cumulonimbus clouls in the Delhi region based in the data collected with
the help of a high power radar, of convective clouds within 100 km around Delhi during the 22-year
period, June 1958 to May 1980. The study has indicated that about 46 per cent of the convective
clouds depict features of cumulonimbus development. Among these, in about 90 per cent cases, cloud
tops have been limited to 12 km. In only 1.6 per cent cases, tops have penetrated the tropopausc. The

maximum cloud top height observed bas been 20 km. Details of the study are presented.

1. Introduction

Cumulonimbus clouds are manifestation of great
instability in the atmosphere. In India, several studies
based on either debriefing reports from the jet airliners
or meteorological reconnaissance flight observations
or radar observations are available for different regions
on this subject. In this paper, an attempt has been
made to make further study on cumulonimbus clouds,
in and around Delhi, using radar observations made
during the period from June 1958 to May 1980. In
the present investigation, a convective cloud-census
within 100 km around Delhi for different months and
seasons has been first prepared. Then the statistics of
deep convective clouds (cumulonimbus clouds) has
been obtained and the frequency distribution of the
heights of their tops has been studied. A year has been
broadly divided into four seasons, viz., December to
February (Winter), March to June (Pre-monsoon),
July to September (Monsoon) and October to Novem-
ber (Post-monsoon) for the above study.

2. Equipment used and data collected

The study is based on hourly radar obscrvations
taken mainly from 1000 hrs to 1700 hrs (IST). A

3.2 cm Japanese radar of type NMD-451A has been
used. The characteristics of the radar and the method
of observations of the heights of precipitation echoes
have been described by Ramana Murty ef al. (1960).
In any one observation, precipitation echoes observed
arcund Delhi are picked up at random and the heights
of their tops are measured.

All the convective echoes observed within a radius of
100 km around Delhi (28°37'N, 77°12" E, 217 m MSL)
have been considered. In all, a total number of 11,709
convective echoes have been investigated. Assuming
that echoes extending beyond 6%m are representative
of cumulonimbus clouds, it has been noted that as
many as 5,331 echoes fell under the category of cumu-
lonimbus.

3. Results and discussion
3.1. Frequency of occurrence

The percentage of convective clouds, which fell
under the category of cumulonimbus is presented,
monthwise, in Table 1. The corresponding percentages
on seasonal basis are tabulated in Table 2,
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TABLE 1

Echoes from convective clouds depicting the feature of
cumulonimbus in different mouths

Percentage of
convective

Months No. of No. of clouds depict-
cumulonim- convective ing the fea-
bus clouds clouds tures of cumu-

lonimbus

Jan 119 662 18.0

Feb 165 639 25.8

Mar 327 713 45.9

Apr 269 450 59.8

May . 294 432 68. |

Jun 714 1,091 05.4

Jul 1,505 3,007 50.0

Aug 1,209 2,621 46.1

Sep 638 1,698 37.0

Oct 39 103 56.2

Nov 7 25 25.0

Dec 29 266 10.9

Annual 5,335 11,709 45.6

FABLE 2

Echoes of convective clouds depicting the feature of
cumulonimbus in different seasons

Pcrccmagc of
conveclive

Season No. of No. of clouds depict-
cumulonim- convective ing the fea-
bus clouds clouds tures of cumu-

lonimbus
Winter 33 1,567 20.0
(Dec-Feb)
Pre-monsoon 1,604 2,686 597

(Mar-Jun)

Monsoon 3,352 7.326 45.8

(Jul-Sep)

Post-monsoon 66 |30 50,8

{Oct-Nov)

It may be seen (Table 1) that the percentage which
showed cumulonimbus development was minimum in
December (109 per cent) and maximum in May
(68.1 per cent). Also, the cumulonimbus activity pro-
oressively increased from December to May. On
&:cu:' m-..l-hasis (Table 2), the percentage showing

cumulonimbus development was maximum during pre-
monsoon (59.7 per cent) and minimum during winter
(20.0 per cent). This feature is in conformity with
what is expected op the consideration that atmospheric
instability is maximum during pre-monsoon and mini-
mum during winter. The variation was not conspicuous
during monsoon and post-monsoon seasons. For the
year as a whole, 45.6 per cent of convective clouds
showed cumulonimbus development.

3.2, Variation in height

The echoes which have been categorised as cumu-
lonimbus were classified into diflcrent height groups at
2 km height interval. The percentage frequency distri-
bution of the heights of ccho tops are given month-
wise and scasonwise in Tables 3 and 4 respectively.
All cchoes whose tops extended beyond 16 km were
included in a single class. The mean as well as the
maximum height attained are ailso given in these tables,

The maximum frequency of cumulonimbus clouds
has been noted in the height interval 6.1 to 8.0 km
during each month (Table 3). During July, 14.4 per
cent of the echoes representing cumulonimbus grew
beyond 12 km. The frequencies of such clouds were
marginally low during June and August (13.7 and
12.9 per cent respectively). Clouds with tops exceeding
12 km were not observed during January, November
and December. They grew beyond 16 km (average
tropopause level over this region) during the months
May to October and their frequency of occurrence was
maximum during July (2.5 per cent). The maximum
height of their tops observed was 20.0 km. In all
there were six such cases, out of which one was observed
in June, two in July and three in August. However,

such large height observed in June was towards the
end of June.

Scasonwise analysis (Table 4) indicated that the
frequency of occurrence of clouds with tops exceeding
12 km was minimum during winter and maximum
tluring monsoon. The [requencies varied between 0.6
per cent to 12.6 per cent. Cloud tops exceeded 16 km
in 1.1, 1.9 and 1.5 per cent cases during pre-monscon,
monsoon  and  post-monsoon  seasons  respectively,
During winter, clouds with tops exceeding 14 km were
not observed. The mean height of the cumulonimbus
tops were minimum during winter season and maximum
during monsoon season. The larger heights attained by
them during monsoon compared to those during pre-
monsoon may be attributed to the entrainment of rela-
tively warmer environmental air in the monsoon season
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TABLE 3

Percentage frequency distribution of cumulonimbus tops among different height intervals in different months

Height (km)

Month ————— —A . Total No. Percen- Maximum Mean

6.1 8.1 10.1 12.1 14.1 >16.0 of oc- tage of  height height

Sl Inity Bale! (o oy e e T
Jan \ 84.0 10.9 5.1 — — 119 2.2 12,0 28
Feb 69.7 24.8 4.3 .20 = - 165 3.1 14.0 758
Mar 51.1 37.6 10.4 0.9 327 6.1 14.0 8.3
Apr 57.6 33.1 7.4 1.5 0.4 =L 269 5.0 15.0 8.1
May 43.9 34.3 15.0 4.1 Wy 1.0 294 5.5 19.0 8.8
Jun 47.4 23.5 15.4 6.0 5.6 2.1 714 3.4 20.0 9.2
Jul 48.5 24.7 12.4 6.4 5.5 35 1,505 28.2 20.0 9.1
Aug _ 50.3 25.6 11.2 5.5 5.6 1.8 1,209 22,7 20.0 9.0
Sep 64,1 20,1 8.2 C SO 0.8 638 12.0 18.5 8.3
Oct 64.4 16.9 6.8 5 5.1 1,7 59 1.1 16.5 8.5
Nov 85.7 14.3 — - — — 7 0.1 10.0 7.3
Dec 96.6 3.4 — - — — 29 0.6 9.0 7.1
Annual 52.9 25.4 11.2 4.7 4.2 1.6 5,335 100 20.0 8.8

TABLE 4

Percentage frequency distribution of cumulonimbus tops among different height intervals in different seasons

Height (km)
A —  Total No. Percen- Maximum Mean

s e
Season 6.1 8.1 10.1 2.1 14.1 >16.0 of tage of  height height
to to to to to occasions  annual <
8.0 10.0 12.0 14.0 16.0 3 g (km)
Winter 71.6 17.6 4.2 0.6 — 313 5.9 14.0 7.6
(Dec-Feb) ?
Pre-monsoon 49.2 30.0 13.0 3.8 2.9 1.1 1,604 30.1 20.0 8.7
(Mar-Jun)
Monsoon 52.1 24.1 11.2 5.5 5.2 1.9 3,352 62.8 20.0 8.9
(Jul-Sep)
Post-monsoon 66.7 16.7 6.1 4.5 4.5 L5 66 1.2 16.5 8.4
(Oct-Nov)
(Venkateswara Rao 1955). Also, maximum number annual). The feature noticed is due to the fact that
of cumulonimbus clouds was observed during nionsoon _during monsoon, precipitation occurrence is frequent on
season (62.8 per cent of the annual) and minimum account of heavy monsoon activity, whereas, during

during post-monsoon season (1.2 per cent of the post-monsoon, it is occasional because, in this season,
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precipitation occurrence is due to certain late monsoon
depressions in, October or early western disturbances in
November.

For the year as a whole, it may be seen that in about
90 per cent of cumulonimbus clouds, tops were limited
to a height of 12 km out of which in about 60 per cent
cases cloud tops were below 8 km. In only 1.6 per cent
cases cumulonimbus clouds grew beyond 16 km
(average tropopause level over this region).

4. Conclusions
The study made has shown the following features :

(i) About 46 per cent of the convective clouds
forming around Delhi grow into cumulonim-
bus.

(ii) Cumulonimbus clouds forming around Delhi
mature and dissipate below 12 km in about
90 per cent cases. Only in 1.6 per cent cases
they penetrate tropopause,

Maximum number of cumulonimbus clouds
occur during the monsoon season (about 63
per cent of the annual). During the post-
monsoon season, occurrence of such clouds
is minimum (about 1 per cent of the annual).

(iv) Heights of the cumulonimbus cloud tops are
largest during monsoon and least during
winter,

(v) The maximum height of radar ccho observed
was 20 km.
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