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Heights of Cumulonimbus cloud tops over North India:
A Radar study
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ABSTRACT. In India, the only information on heights of cumulonimbus cloud tope, available o far, is
based on very limited number of obrervations either from debriefing reports of aircrafts or from meteorological
raconnaissance flights. To gain more exhaustive and comploto knowledge of ecumulonimbus cloud tops over North
India, & radar study based on the records of the 460 storms observed durirg a period of 31 months, was conductod
at Now Delhi using the CPS8-9 radar. The result of the analysis are detailed out and discussed in the light of the

existing information on the subjoct.
1. Introduetion

1.1. The cumulonimbus cloud represents a
spectacular and very violent form of atmos-
pheric convection. In its method of develop-
ment, it appears to be a cumulus cloud ‘gone
wild.” These constitute a serious hazard to
aviation. A precise knowledge of the struc-
ture, and particularly the vertical extent of
cumulonimbus clouds, is therefore most
essential from the point of view of safety in
aviation.

1-2. As far as India is concerned, very
little information is available in respect of
heights of cumulonimbus elond tops. Although
the importance of such a study has been
realised for quite a long time but no precise
information could be collected because of lack
of sufficient observational data. During the
last few years, however, some studies have
been made available but these are either
based on debriefing reports from ‘Comet’ jet
airliners or on observations from a limited
number of meteorological reconnaissance
flights. These methods suffered from serious
handicaps. The - debriefing reports from air-
liners referred to fixed routes at scheduled
times. The meteorological reconnaissance
flights were mostly conducted in the mornings.

As such, a complete picture could not be
expected from these studies. A developing
cumulonimbus cloud could not be watched
through its entire life history. Only a limited
number of cumulonimbus clouds, falling near
the route, could be observed.

1:3. With all these limitations in view,
Deshpande (1961) felt that it was necessary to
obtain additional data on heights of cumu-
lonimbus cloud tops over India either
through aircraft or radar. Such a study was
undertaken based on the observations recor-
ded by the high power radar CPS-9% at New
Delhi and the results are presented in this
paper.

2. Earlier work ’

2-1. In India, the first report on heights of
cumulonimbus tops was prepared by Rama-
murthi (1955) who based his analysis on 63
cases of thunderstorms from the debriefing
reports of Comets operating over New
Delhi—Caleutta route during May 1952 to
December 1953, i.e., for about a period of 20
months. His main conclusions for this sector
were—

(i) Tops of cumulonimbus cloudsin this
sector were generally from 28,000 to
40,000 feet.

*Specifications of the radar CPS.9 : Wavelength 3-2 ecm, Peak Power 250 gw, Beam-width 1 degree conical,

Pulse-widths 0-5 and 5-0 microseconds
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(#1) Very few instances were available
of cumulonimbus tops being  below
25,000 feet.

(it7) On several occasions, tops extended
 well above 40,000 feet and sometimes touch-
ed even 50,000 feet.

(iv) The seasonal distribution of maximum
heights of cumulonimbus cloud tops was as
follows:

Winter

December to February 35.000 ft
Pre-monsoon
March to May 48,000 ft

Monsoon

June to September 50,000 ft

Post-monsoon

October to November 30,000 ft

9.2, Venkateswara Rao (1955) sturted
with a larger number of Comet debriefing
reports. He analysed 187 cases of thunderstorm
reports during 1952-53, i.e.. for almost the
same period as Ramamurthi. While Rama-
murthi confined himself to particular routes,
Venkateswara Rao has taken all the reports
for various flights ‘across the Indian sub-
continent’. It is therefore natural to expect
that Venkateswara Rao’s conclusions will be
more general in nature. His main conclusions
were:

() There was not a single case of a thun-
dercloud maturing and dissipating below
30,000 ft.

(#) About 80 per cent of cumulonimbus
clouds had their tops between 35,000 to
50,000 ft.

(772) About 8 per cent of cumulonimbus
clouds extended beyond 50.000 ft.

(#) Cumulonimbus tops are invariably
below 50,000 ft in winter but go higher in
other seasons.

(v) The highest top of 55,000 ft was ob-
gerved in the monsoon season. Venkateswara
Rao has not mentioned the part of the coun-
try where this was observed.

|
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2:3. thpdmle (1961) came forth with an
analvsis based on a total number of 70 re-
ports of Lmnullmnnhlh cloud tops actually
observed | in meteorological reconnaissance
flights 1»1‘ the Indian Air Force. He did not
observe .lm' cumuloninibus cloud top ex-
tending bvmnd 50,000 ft. The seascn-wise
(1I‘~t'[‘libll'f!4JLlnj maximum heights of cumulo-
nimbus dloud tops observed during these

flights wn!s as follows:

Winter 41,000 ft (Only one
report)
Prt--n::ntl.-:m.ln 38,000 1t
Mounsoon 50,000 ft
Post-monsoan 44,000 ft

As hie himself has remarked, his data suffered
from the [serious drawback that most of these
observatipns were recorded in the mornings.
Most of the cumulonimbus clonds which were
observed | during these flights were very
likely to be still in the growing stage and
must not have reached the mature stage.
Deshpande’s estimates of heights ave there-
fore very likely to be underestimates. It is
shown subsequently in this paper that it was
really so.

2. Data used for the prese:! study
3-1. The high power radar CP3-9 has a
maximunt range of 400 statute miles radius,
Due to the limitations imposed by the cur-
vature of eurth and by the large attenuation
and dissipation of radar energy in tropics,
it is considered a fair estimate that all thun-
derstorms. oceurring within a radius of 250
miles round the station. must definitely he
recorded by the radar. Thus the radar cov-
erage is expected to be very satisfactory
over an drea of atleast about 200.000 sqnare
miles round New Delhi, if not more. Hence
an analysis of heights of cumulonimbus
cloud tops, based on the radar observations in
this area, can safelv be taken to be represen-
tative of conditions prevalent in north India,
The present study covers a tfotal
period off 31 months from December 1957 to
June 1960, During this period, 465 storms
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Fig. 1. Frequeney distribution of heights of tops of Cumulonimbus around New Delhi
(December 1957 —June 1960)

were observed on the radar. The heights have
been corrected for errors due to the curva-
ture of the earth but not for the errors due to
the finite width of the radar beam. That is
why, comparatively larger height intervals
(10,000 ft) have been chosen in this analysis.

3:3. In this analysis, each storm was
followed through its entire life history and
the maximum height reached by the tops
was recorded.

3-4. The year has been broadly divided
into the following seasons for the purpose of
computing the seasonal frequencies:

December to February Winter
March to May Pre-monsoon
June to September Monsoon

Oectober to November  Post-monsoon

4. Analysis

4-1. Tt was seen during the course of this
analysis that almost all storms in north
India reach 25,000 ft atleast.

4-2. Fig. 1 illustrates the frequency dis-
tribution of heights of tops of cumulonimbus
clouds around New Delhi and gives the
numbers of storms falling in each height-
group or height-interval in various months
during the 31-month period of this study.
This histogram in Fig. 1 also depicts the
month by month variation in the maximum
heights attained by storms.. It is significant
that the maximum number of storms occur
over north India during the monsoon season
when the heights of tops of the cumulonimbus
clouds are also largest. The post-monsoon
scason has the least number of storms but
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TABLE 1

Frequency distribution of cumulonimbus eloud tops
among different height-groups for the total period
of 31 months (December 1957—June 1960)
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TABLE 2

Frequency distribution of cumulonimbus cloud tops
among different height-groups during
Winter season

Number

of storms

Percentage

Height-group Percemtags
O ¢ o1a

(1000's of ft)

21—30 145
30—40
41—50

51 and 41

above

Total 469

TABLE 3

Frequency distribution of eumr ulonimbrs clcud tops
among different height groups during
Pre-Monsoon season

Percentage

of the total

Number

Height-group
of storms

(1000’s of ft)

21—30
31—40
41—50

51 and
above

Total 114

TABLE 5

Frequency distribution of cumulonimbus cloud tops
among different height-groups during
Post-Monsoon season

Number
of storms

Percentage

Height-group ipeltegs
of the tota

(1000’s of ft)

21—30 19

31—40 11
5

41—50

51 and 4

above

Total

Number
of storms

Percentage
of the total

Height group
(1000’s of ft)

21—30 %5
31—0 24
41—50 1

51 and
above

Total

TABLE 4

Fraqiancy distribution of cumulonimbus cloud tops
among different height-groups during
Monsoon season

Number
of storms

Percentage
of the total

Height-group
(1000°s of ft)

21—30 17

31—40 68
41—50

51 and
above

Total

TABLE 6

Seasonal percentage frequency distribution of cumulo-
nimbus cloud tops among different height-groups

Total
Num-
ber
of
storms

Percentage Frequencies
Season I A \
Height-Groups (1000's
of ft)

—

Al
3l1to 41 to >350
40 a0

rE 1to
30

Winter
Pre-monsoon
Monsoon

Post-monspon




the heights of tops are the smallest in winter
season.

4-3. The total percentage frequency dis-
tribution of the storms among different
height groups is shown in Table 1. Tables
2 to b show the seasonal percentage frequency
distribution among different height-groups.
Table 6 gives a consolidated picture of the
seasonal percentage frequency distribution of
cumulonimbus tops among different height-

groups.

4-4, The processes which give rise to the
maximum development of cumulonimbus
clouds at different hours of the day and in
different seasons are not similar. An effort
has been made to find out the preferred
periods of attainment of maximum heights
by cumulonimbus clouds in the different
seasons. For this purpose, a day has been
divided into six significant periods—each of
four hours duration—as follows:

Early morning 00 — 04 IST
Morning 04 — 08 IST
Noon 08 — 12 IST
Afternoon 12 — 16 IST
Evening 16 — 20 IST
Night 20 — 24 IST

The percentage frequency distribution of
the storms attaining maximum heights
during these periods of the day in the four
seagons was worked out and is presented in
Table 7.

5. Conclusions

5-1. It will be seen from this analysis that:

(1) About 63 per cent of cumulonimbus
clouds mature and dissipate below
40,000 ft; about half of these dissi-
pating below 30,000 ft itself.

(2) Only about 9 per cent of all cumu-
lonimbus clouds extend beyond
50,000 ft.

(3) During Winter season, 99 per cent of
cumulonimbus clouds mature and

HEIGHTS OF Cbh TOPS OVER N. INDIA — A RADAR STUDY

clouds attaining maximum heights during different

TABLE 7
Percentage frequency distribution of cumulonimbus

periods of the day in the four seasons

Period of Percentge Frequencies
the day ’ A \
(Time in Winter Pre- Monsoon Post-
IST) Monsoon Monsoon

Early morning 3 B 4
(00—04)

Morning 10 9 9 8
(04—08)

Noon 18 5 5 18
(08—12)

Afternoon 20 38 42 41
(12—16)

Evening 14 34 29 20
(16—20)

Night 26 10 11 13
(20--24)

dissipate below 40,000 ft, there
being only one isolated case in the
thres winter seasons of 1957. 1958
and 1959 when a cumulonimbus
cloud extended beyond 40,000 ft.
Infact about 75 per cent of cumu-
lonimbus clouds mature and dissi-
pate below 30,000 ft.

(4) During Pre-monsoon season, 90 per
cent of cumulonimbus cloud tops
terminate below 40,000 ft and half
of these mature below 30,000 ft.
About 9 per cent reach upto 50,000
ft while only 1 per cent extend
bevond 50,000 ft.

(5) During Monsoon season, only 35
per cent of cumulonimbus clouds
mature below 40,000 feet while only
7 per cent mature below 30,000 ft.
About 50 per cent of the cumulonim-
bus clouds reach between 40,000
and 50,000 ft. As many as 15 per
cent of the tops extend beyond
50,000 ft. On many occasions, they
reach 60,000 ft or even more,
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(6) During Post-monsoon season, 77 per
cent of cumnlonimbus tops mature
below 40.000 ft: about two-thirds
of these maturing below 30.000 ft
itself, About 13 per cent of the tops
reached between 40.000 and 50,000 ft.
As many as 10 per cent of cumulo-
nimbus tops extended beyvond
50,000 ft but the heights of tops
were, in general, less than those in
the monsoon season.

52, The maximum height of radar echo
of cumulonimbus cloud ohserved so far over
north India was about 61.000 ft (186 km)
on 3 September 1959.

5-3. Comparing these resnlts with the
observations of earlier workers mentioned in
Section 2. it will be seen that:

(t) Deshpande’s figures were under-
estimates while those of Ramamur-
thi were very much under-estimates.

(#) Venkateswara Rao’s observations
were not very much different but
will be seen to be slight under-
estimates if we remember that the
present study gives the radar-
measured heights of the cumulonim-
bus cloud tops and that the actual
heights will definitely be more.

(#7) Venkateswara Rao’s statement. that
there was not a single case of a
thundercloud maturing and dissipa-
ting below 30,000 ft. is not fully
supported by the present study.
In this respect. Ramamurthi’s con-
clusion. that very few instances were
available of cumulonimbus tops
being below 25,000 ft, is fully borne
out by the present study.

5-4. According to Venkateswara Rao. the
larger heights attained by the tops of thun-
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derclouds in the monsoon season, compared
with those in the pre-monsoon months, are
attributable to the entrainment of relatively
warmer enyironmental air in the monsoon
Season.

5-5. It will be seen from Table 7 that over
north India. cumulonimbus clouds always
attain their maximum heights in the after-
noons. t.r.. between 12 and 16 hours IST.
This iz quite understandable in as much as
the maximum temperature also occurs during
this period, The early morning hours (00-04
IST) are the least preferred. The distribution
of the time of maximum development is
similar in pre monsoon and monsoon seasons.
It is verv interesting to note that the per-
centage frequencies for the different periods of
the dav work out to be almost the same in
these two seasons. The order of preference of
the time of maximum development follows
the same pattern, e/iz.. afternoon, evening,
night, morning, noon and early morning.
Another significant point is that in these
mpre  enmulonimbus  clouds attain
maximum | heights during morning  hours
(04-08 TST) than do so during the noon
hours (0R-12 IST).

Seasons

During [post-monsoon season, the pattern
deviates slightly from that in the pre-monsoon
and monsoon seasons. Here the order followed
is: afternoon. evening. noon, night and
morning. During the post-monsoon seasons
of 1958 and 1959. no storm was found to
attain maximum development during early
morning hours (00-04 1ST).

During winter, the pattern further deviates.
The order followed is: afternoon. night, noon,
evening, morning and early morning.
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