Cirriform clouds over India — Heights and Temperatures
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ground, by eye or by double theodolite
method. The first systematic studies of
cirrus heights were made all over the globe
as early as in 1896-97, the International
Cloud Year (ICY), by the double thecdalite
method. However high cloud studies received
an Impetus with the introductien of jet-
aireraft, which could penetrate these clouds
and provide accurate data. In the last
decade detailed analyses of jet-aircraft re-
perts of high clonds have been carried cut in
Europe and America. These include studies
by Murgatrovd and Goldsmith (1956) and
James (1955) ¢f the Meteorological Re-
scarch Flight (MRF) reports ever }unrrl vinel

by Alt (1958) in respeet of France ahd
Western Germany and by Clodman (1957)
and Appleman (1936) for Canada and  the
U.5.A. vespeetively. The resnlts of the various
studies on cirrns clouds have been discussed
fully by Appleman (1961) in the W.M.0.
Tech. Note, 40, whizh also gives a compre-
hensive list of refercnces.

2.2, Most of these studies were confined to

temperate latitudes and very little infor-
mation regarding the characteristic: of tropi-

cal eirriferm clouds was available. [n India,
Narayvanan and Manna (1931) carried out a
systematic study and obtained mean heights
of tropical high clouds, by reference to heights
at which pilot balloons were lost in clouds.
Based on these studies, the cloud atlas in
use in India indicated the mean hase of high
clouds as 25,000 {t and tops as 35,000 ft,
Rao (1955) analysed the post-flight reports
of the B.0O.A.C. Comet Sorvice over South
Asia in 1952-1953. He found that the pre-
valent estimates of heights cf high clouds for
the area were too low, by 5000 - 10,000 ft.
2. Data analysed

3.1. Data obtained from growil chserva-
tions do not previde accurate information of
high clouds. Quite often thin veils of ecirrus
clouds are encountered by airvervoft while
none is visible from ground. Even thick and
extensive cirrostratus layers are invi-ible
from ground if low or medium clouds in-
tervene, as in the monsoon months, The
best method of finding the characteristics
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of cirriform clouds is to obtain reports from
aircraft, which either penctrate these clouds
or fly elose to them. These reports also pro-
vide additional information of depth of
clouds, temperatures and attendant weather
phenomena,

3.2, The present study is, therefore, con-
fined to reports of cirriform clouds over
India observed from jet-aireraft, whcse
operational altitude was 30,000 ft (9 km)
or higker. All available post flight reports
from civil jet-aireraft operators across
India and from the meteorological recon-
naissarce flights of the Indian Air Force
for the last seven vears (1957-—1963) were
serutinised and the data regarding cirriform
douds extracted. The present analysis is
based on a total of 749 reports of cirriform
clouds actually observed. Out of these, about
nincty per cent were obtained through re-
connalssance flights. The observations are
spread over most of India, although there is
a large concentration of reports from the
central parts of India (between Lat. 20°N
and 25°N). A large majcrity of the clouds
observed were of the cirrus type and a good
number of the cirrostratus type. Cirrocumu-
lus clouds were rarve, being less than 2 per
cent of all the cirriform clouds observed.
This is also in conformity with previous
studies,

4, Analysis

4.1. Heights

4+.1.1. Heights of Bases — Over India, the
bases of cirriform clouds (Table 1) are mainly
between 35,000 and 45,000 ft. Nearly 70
per cent of the observed bases occur between
these limits. Less than 10 per cent of the
bases are either below 30,000 ft or above
45,000 ft. The average base height for the
year is 37,000 ft. The highest base reported
was 50,000 ft in eirrostratus clouds in August.
There is no significant variation in the
mean base heights of cirrus and eirrostratus
clouds.

1.2, Heights of Tops — Table 2 shows the
frequency-distribution  of heights of tops
of cirriform clonds. In 82 per cent cases, the
tops of cirriform clouds reached the levels
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TABLE 1
Percentage frequency of heights of base of high clouds

Heights (in thousands of ft)

Season [ ——— -t - Total Mean
20— 25— 30— 35 40— 45— No, of
24-9 29-9 349 39-9 44-9 a0 obsns.

Cirriform clouds (Ci, Cs, Ce)

Winter 16 11 19 40 11 3 74 34
(Dec—Feh)

Pre-monsoon 4 4 28 44 20 0 97 36
(Mar—May)

Monsoon 1 4 19 42 31 3 226 28
(Jun—=Sep)

Post-monsoon 0 3 ] 63 18 8 33 38
(Oct—Nov)
Year 4 ) 20 44 24 3 435 37

Highest base — 50,000 ft, Lowest base — 20,000 ft, Mean — 37,000 ft

TABLE 2

Percentage frequency of heights of high clouds

Heights of tops (in thousands of ft)

Season — - A — No. Mean
20— 25— 30— 35— 40— 45— 60— of
24-9 299 34-9 39-9 44+9 49-9 b5 obsns.

Cirriform clouds (C4, Cs, Co)

Winter
(Dec—Feb) 4 7 17 54 18 0 0 76 36

Pre-monsoon

(Mar—DMay) 2 1 21 40 33 3 0 107 38
Monsoon

(Jun—Sep) 1-4 4 10 17 49 18 0-3 292 41
Post-monsoon

(Oct—Nov) 0 2 0 49 44 b 0 43 40
Year 2 3 13 30 41 11 0-2 518 40

Highest top — 55,000 ft, Lowest top — 21,000 ft, Mean — 40,000 {t
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TAELE 3
Frequency of the thickness of eirriform clouds
Heights (thousands of ft)
Thickness — — A e ——
(5t 1] - 5- J— 45

IR <4 14-9 e oy
500 or less 2 { G t 0 -
1000 [ | i2 22 0 ==
2000 (1 ) 15 L &2
UL - | - 0 IS
4000 } ~ i i =
5000 2 11 T 1 12
nHn L 1 {
TOHO0 | 9 0 0 4
K000 L L 1 H 0 0 9
Q000 1 3 11 i 0N
100060 i | 2 3 0 2.5
= 10000 1l { 8 | 0 45

b < . Moan thickness 36040 ft, Max, thickress 17,000 {1

Season

Winter
Pre-monsooy
Monsoon
Post-monsoon

Year

Cloud an

TABLE 4

reentoge freauency

cirriform clouds

Overenst Nuniher of
S oeta observatior

10 3556
32 53
'8 42

Average
coverage
(per cent)
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Fig.1. Temperatures at base of cirriform clouds

between 35,000 and 50,000 ft. The mean
height cf the cirriform cloud tops is 40,000
ft. Cirrus tops tended to be higher than
cirrostratus tops. The higbest ecirrus top
observed was 55,000 ft in July.

4.1.3. Thickness — There were 295 re-
ports where heights of bases and tops of
cirriform clouds were simultancously avail-
able. Cloud thickness varied from 500 ft to
17,000 ft. Table 3 indicates thickness distri-
bution at intervals of 1000 ft. The thick-
ness of clouds was 5000 ft or less in 82 per
cent of cases, the average thickness value
being 3600 ft. Thickness level cf 1000 ft
had the highest frequency (28 per cent).

From Table 3, it will be evident that most
of the thicker clouds (with thickness 6000
ft or higher) have bases between 30,000
and 40,000 ft.

4.2, Cloud amounts

4.2.1. Climatological summaries of high
cloud amounts are based on visnal observa-
tions from the ground. As mentioned in
para 3.1, surface estimates of high cloud
amounts are often underestimates. This is
particularly so in India during the monsoon
months, when extensive low and medium
cloud layers often screen off high clouds
from surface-view.

4.2.2. In 642 observations, high rloud
amount was also included. These were tabu-
lated as scattered (N=1, 2, 3 octa), broken

(N =4, 5, 6 octa) and overcast (N=1, 8
octa). These are given in Table 4, Using the
midpoint of each ‘amount group’ as represen-
tative of the mean value, the average cover-
age of ecirriform clouds, when present, was
calculated. The average coverage of cirri-
form clouds when present for the year works
out to be 53 per cent in India as compared to
55 per cent in the U.S.A. and 63 per cent in
Western Europe.

4.3. Temperatures — Base and Top

4.3.1. Temperatures at the bases and the
tops of cirriform clouds were extrapolated
from the recorded temperatures at the cruis-
ing levels of the aircraft. A lapse rate of 2°C
per thousand feet, which corresponds to the
average lapse rate at 12 km over the Indian
latitudes, was assumed. In many cases air-
craft flew within 2000 — 5000 ft of the high
clouds and hence the caleulated tempera-
tures may be considered fairly representative.

4.3.2. Frequency distribution of tem-
peratures at the bases and tops of high
clouds are given in Figs. 1 and 2. The most
common temperatures for the bases ranged
from —45° to —b5°C while those for the
tops were between —55° to —65°C. The
base-temperatures ranged from —25° to
—10°C while the temperatures at the tops
extended from —26° to —85°C. The mean
temperatures at the bases and tops of cirri-
form clouds are —50° and —B6°C Tespec-
tively.
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Fig. 2. Temperatures at top of cirriform clouds

4.3.3. Clodman (1957) Lad deduced that
the temperatures at the bases of cirrus clouds
would tend towards —40°C, on the hypo-
thesis of Ludlam that there is a rapid in-
crease in the number of active nuclei below
a temperature of about —40(°C. The mean
temperature of bases in Canada was —39°C.
However, in India the high cloud base-
temperatures appear to be much lower than
those in the temperate latitudes.

4.4. Variations — diurnal, regional  and
seasonal

4.4.1. Diurnal and Regional variotions—
The heights of all eimiform cleuds were
rearranged according tc the times of obser-
vation and region. An analysis of the re-
sults shows that cirriform cloud bases tend to
be slightly higher in the afternoons (1130--
1730 LST) as compared to those in the morn-
ings {0530—1130 IST). Averaged over the
year, high cloud bases are higher by 1000 -
1500 ft over the southern (south ol lat,
20°N) and central (20°N—25"N) as compared
to those in nerthern India (Table 5).

4.4.2, Seasonal variation — Tables 1 and 2
show that both the bases and tops of
cirriform clouds are higher by 4000 — 5000 {t
during the monscon months (June to Sep-
tember) as compared to the winter months
(December to Februarv). These results are
in fair agreement with those of Alt (1958)
who found the mean values of bases and
tops lowest in February and highest in Sep-
tember. Appleman (1956) also arrived at a

similar ecnclusion.  As  regards thickness,
almost all the in tances cf thickness of 10,000
ft or higher were in the monsocn months,
Cirriform clond amounts are alse maximum
during the monsoon months (Table 4).

4.5, Associated weather phenomena

4.5.1. Turbulence, winds, icing — Out of
101 cases when turbulence was experienced
in or near cirriform clouds, it was slight in
47 cases, moderate in 43 cases and severe in
11 cases. Details of severe turbulence en-
countered are given in Table 6. No sudden
wind-shifts were reported in high clouds and
thege winds were in [air agreement with the
prevailing winds. There was only one ins-
tance of icing reported. In July 1959, an
aireraft flying in eirrus clouds at an altitude
of 35,000 ft, about 2000 ft below the eirrus
top, had its canopy slightly iced up at a
temperature of —32°C. It would, there-
fore, appear that icing in cirriform clouds is
a rare phenomenon in India. This agrees
with Alt’s (1958) inference for Western
Kurope.

4.5.2. Visibility — Beth horizontal and
vertical visibility observations were record-
ed during meteorological reconnaissance
flights. Generally while flylng above or
through thin cirriform  clouds, horizontal
and vertical visibility was good. However,
while flying through or just above thick
cirrus cor cirrostratus clouds visibility was
often restricted. In a few cases wil visibility
was reported while flying through  high
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TABLE 5
Regional variation — cirriform cloud bases
Percentage frequencies
Base heights (sﬂlmnds of ft) Mean
Seuson ‘20249 25-29-9 30 34-9 3539-9 40-44.0 4550 (1%808&)

Winter N 16 16 26 31 11 0 32-5
a 17 9 15 38 15 6 345

s 17 0 12 65 6 0 34:5

Pre-monsoon N 0 33 56 11 0 36-5
@ 3 23 5l 23 0 375

s 23 12 41 12 12 0 31-5

Monsoon N 9 0 0 36 55 0 39.0
C 0 3 17 46 30 4 38+5

s 3 5 21 39 30 2 375

Post-monsoon N 0 0 33 67 0 0 3640
c 0 8 38 31 15 39+5

8 0 0 9 T4 13 4 38.2

Year N 8 6 23 43 20 0 26-0
C 3 5 18 45 25 4 37:5

S 6 5 20 43 24 2 370

Total No. of observations
N (Northern India north of 25°N) = 51

C (Cantral parts between 25°N and 20°N)=198

8 (Southern India south of 20°N)

Total

clouds. Ancther factor which restricts the
vertical visibility in India is the haze dur-
ing the monscon months and dust-haze in
premonsocn months over nerthern India,
the haze layers sometimes extending up to
the mid-troposphere. Clodman (1957) found
that on 70 per cent of flights thicugh cirrus
cleuds in Canada the visibility was 1 mile or
less. However over Ingland Murgatroyd
(1956) has mentioned that visibility was not
a serious limiting factor even for fermation
flying in high clouds.

5. A typical synoptiz situation

5.1. 22 Jume 1962 — On the mcrning of
22 June 1962, an upper air low extending
upto 4 km had developed over Gangetic

=182
=431

West Bengal and neighbourhood. The axis
of the monsoon trough on sea level chart
lay from Ambela to Caleutta through
Varanasi. Fig. 3 shows the isobaric sea level
chart at 0830 IST. Stations and ships report-
ing cirriform clouds at the time are also
plotted. The 300-mb chart (Fig. 4) shows an
anticyclone over Rajasthan and a well
marked thermal low near the south Andaman
Sea.

5.2. Meteorological reconnaissance flights
on the day showed extensive cirriform clouds
over an area exceeding 200,000 sq. miles in
the central parts and southern India (Fig. ).
Skies were mostly overcast with cirrus clouds
south of Lat. 23°N and east of Long. 75°E.
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TABLE 6
Saevere turbulence encountered in and near cirriform clouds

Date Time Position Aircraft —
—r— FI. Alt. Amt/
°N °E Type

(IST) (ft)

27-11-59 1030 1515 75 40 38000 8/8 (s
27-11-59 1040 15 00 76 10 38000 8/8 ('s
27-11-59 1205 10 50 76 10 40000 8/8 Cs
27-11-59 1225 13 20 7530 40000 8/8 Cs
23-9.60 1210 17 50 83 00 43000 3/8¢Ci
8-10-60 1224 09 10 76 00 41000 6/8 Ci
21-6-61 1055 12 25 7924 44000 8/8 (s
22.6-62 10565 18 156 7903 48000 8/8 Cs
22-6-62 1165 18 22 77 30 48000 ]/8 Ci

4-1-63 0915 19 00 7430 36000 2/8 Ci
18-6-63 1945 15 20 75356 38000 3/8 Ci

Clouds
S Wind Remarks
Base Top direction (l'urbulence)
(°)/speed
(kt)

(ft) (ft)
38000 — Moderate/Severe
38000 —_ Moderate/Severe
39000 - Severe
30000  — 125/50  Severe

— 44000 135/20 Severe

—_ 37000 090/40 Severe

— 44000 060/50 Severe in clouds
40000 49000 090/73 Moderate/Severe in

clouds
40000 49000 095/88 Moderate/Severe in
clouds
42000 43000 320/10 Severe at 36,500 ft
37000 38000
35000 060/15 Severe at 38,000 ft

Slight at 41,000 ft

Clonds were highest between latitudes 14°N
and 20°N with bases at 40,000 ft and tops
49,000 ft. An aireraft flying 1000 ft below
the top along latitude 18°N encountered
moederate to  severe turbulence between
Long. 77°E and 79°E. The easterly jet-
stream also accelerated westwards from 63
knots near 80°E to 95 knots at 48,000 ft
near 18°N, 76°E. Over Madras and Mysore
States, though cirrus tops were lower at
47.000 ft the thickness increased te 12,000

ft. Moderate turbulence was continuously
encountered, while flying at 42,000 ft, 5000
ft below eirrus tops. Visibility was poor,
throughout.

5.3, This 1s a good illustration of how
widespread and thick cirriform clouds can
be even on a day cf weak monsoon conditions
over scuth India.

6. Summary

(@) The average heights of bases of cirri-
form clouds over India are 37,000—40,000
ft and those of teps are 40,000—43,00¢ ft,
These are considerably higher than those in
temperate latitudes.

(b) The bulk of ecirriform clouds have
thickness 5000 ft or less, Clouds with bases
higher than 40,000 ft are comparatively
thinner, .
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(¢) The average coverage of ecirriform
clouds is 53 per cent in India as compared
to 63 per cent in Western Europe,

(d) The mean temperatures at the bases
and tops cf cirriform clouds are —50° and
—56°C  respectively, though temperatures
as low as —85°C have been recorded in these
cloud:.

(e) There is a large seasonal variation in

the characteristics of cirriform clouds in
India. As in the temperate latitudes, both

D. V. DESHPANDE

the bases and tops are highest during the
pericd June to September. Cirriform clouds
are also thicker and have higher coverage in
this season.
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