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Diurnal variation of Upper Air Temperatures over India
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ABSTRACT. A statistical study of the diurnal variation of upper air temperatures over India
is made utilising radiosonde data of four stations for four standard hours of the day and covering four
representative months. A marked difference in the pattern of diurnal variation is found between a
continental station like New Delhi and the three coastal stations—Bombay, Caicutta and Madras,
Significant diurnal variations are found over New Delhi only upto 1 to 3 km depending on the season, the
mean daily range being about 1 to 2° C in most cases, On the other hand, diurnal variations at the coastal
stations extend higher upto 4-6 km, the amplitudes being of the same order. Apparent diurnal variz -
tions found at still higher levels are probably due to inadequacy of radiation corrections. Nocturnal
cooling of the atmosphere between 600 and 400-mb levels is found to be in the range of 0-1 to 0-15* per

hour,

1. Introduction

Experimental determinations of the diurnal
variation of upper air temperatures provide
valuable information on (1) the magnitude
of the heating of the free atmosphere by di-
rect absorption of solar radiation during the
day, (2) the magnitude of the radiative cool-
ing of the atmosphere during the night snd
(3) the height upto which the surface diurnal
temperature wave is propagated upwards
due to eddy conduction and turbulence.
The determination is a somewhat difficult
problem. Firstly, the magnitude of the true
diurnal heating or cooling between about 3
km and the tropopause is small and sometimes
the radiosonde instruments have probable
errors of the same order. Secondly, the prob-
lem of applying radiation corrections to
upper air temperatures observed with radio-
sonde instruments under varying conditions
of the atmosphere, is a very difficult one.
The general practice is to determine correc-
tions by simulated laboratory experiments
with certain assumed standard conditions
and to apply them to the actual flight data.
The only variable factor made use of in the
actual application of radiation correction
is the solar elevation angle. This assumption
is not always justified because the magnitude
of correction would also depend on varying

factors, e.g., cloud cover, the swinging of the
instrument, etc.

Studies on diurnal variation of upper air
temperatures have been made mainly by two
methods. In the first method, special radio-
sonde observations are taken at short inter-
vals of time, say 2 or 3 hours for a limited
number of days and the data analysed. In the
second method, a statistical analysis of
routine radiosonde data pertaining to different
synoptic hours covering both day and night
is made and appropriate conclusions drawn.
Among the first category may be mentioned
the work of Riehl (1947) who investigated
the diurnal variation of upper air tempera-
tures over the Caribbean Sea. By analysing
special radiosonde ascents taken at three-
hourly intervals taking into account approxi-
mate corrections for solar radiation effects
(these corrections were later found to be
under:stimated) he found diurnal temperature
ranges of about 1 to 2°C upto 6 km and 2 to
3°C aloft upto 16 km. The maximum rise in
the temperature was found to occur with the
rise of solar elevation angle and the maximum
fall with the decrease of solar elevation.
Riehl found two distinet effects, viz., (1)
an effect due to turbulent exchange of heat
with the ground which was confined to a
layer of about 1-5 km and (2) an effect due to
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the direct absorption of solar cnerey by tle
atmosphere during the day and radiation
during the night. The la-ter effeet was seen to
extend throughout the troposphere. It appears
from the evidence gathered in subsequent
years that the radiation corrections applicd
by Riehl were underestimared and lence the
real magnitude of the warming during day
was over estimated, Following the second
method. Kay (1951) analvsed upper  air
temperature dati of five stations in T, K.
covering four synoptic hours and extending
over a period of two vears. He found large
apparent temperature rise of the order of
0-4°C/hour durving the dav  for  levels
between 150 and 830 mb from sunvise to noon
and a fall of similar order from noon to sunset.
From various physical considerations, how-
ever, he concluded that a large part of the
apparent diurnal rise of temperature could
be due to direet absorption of solar radiation
by the thermometer clement.  Later, Serase
(1954) who determined the radiation errors
of the British radiosonde concluded that these
errors could account for the whaole of the
observed differences between day and night
observations upto 15 km. He also estimated
the dinrnal range at 20 km to he 1-57C,
Jordan (1960) has drawn attention to the im-
portance of radiation correction and demon-
strated that the laveer values of dinrnal vari-
ation of temperature at 200-mb level over the
tropical Pacific Ocean observed in 1951, viz..
0.9 to 19°C when compared to those in 1956,
viz.. 00 to 0.8°C could be accounted for by
applying proper radiation corrections to the
instruments used in the two servies. It is of
interest to note that the mean diurnal range
of temperature found at 200-mb level over
the tropical Pacific was less than 0-7°C for
all the twelve months of the vear. Dinrnal
variation of temperatures in the lower strato-
sphere has been discussed by Chin (1959)
who estimated the diurnal variation at 200-mb
level to be as low as 0-15 te 0-2 Cover the
United States. Teweles and Finger (1960)
after a thorough study of daytime and night-
time radiosonde data of the United States of
America have come to the very important
conelusion that the true diurnal temperature
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change in the free atmosphere is very small,
Thev have even recommended  ‘that every
wl!l:wr!‘_\' :|lin{n[ to-mlnq'r;lrllru corrections \\']Ji(_'i[
at least upto the 25-mb surface reduce the
average temperature hetween dav and night
soundings to less than 1°C and to less than
2°C" at the 10 mb surface’,

Studies in India have been made by Pant
(1960) by comparing the 00 and 12 GMT
svnoptic  radiosonde dara for the period
19537-1955 with the 03 and 15 GMT data of a
1955-1956. He found
laree diurnal variations of 1-3 to 4-3°C'
at 300-mb level, As the anthor has himself
pointed out in this paper.

t“i-fl'l‘i'lll ]lu'['fijll, t‘t’:_‘

| the l,'illlillill‘fSlITl
is open to the objection that the period
covered hy the observations is not the same.
The year to year variations in the mean
temperature of the atmosphere have not heen
taken into consideration and consequently
the results may be in some error. Recently
Dhar and Mitra (1962) have analysed radio-
sonde data obtamed at four different hours at
New Delhi for a limited period of four days.
They have come to the eonclusion that the
dinrnal variation extends toeven 12 ki,
where the magnitude of range is 8 to 10°C.
Such high values have not been reported
clsewhere. The authors have further reach-
ed the rather snrprising conclusion that at
high levels the temperatures are distinetly
lower during day than during the night. It
appears  probable  that  these anomalous
results might have been due to (1) the extre-
mely few cases studied, (2) errors in the instru-
ments and (3) synoptic changes not related
to diurnal effeets. (During the period covered
by the observations the tropopause hreakline
was close to New Delhi.)

As the magnitude of the diurnal effect is
small. there is a limit to the reliability with
whicli its measurement can be made and this
limit is set by the overall accuracy of the
instrument. A statistical analysis making use
of a fairly homogeneous set of ohservations
may alone reveal real diurnal effects, The
present study has been undertaken with this
aspect in view,
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2. Data utilised

In India, synoptic acrological observations
are recorded as a routine for two hours during
the day, viz., 00 and 12 GMT. For a study of
the diurnal variation of upper air tempera-
tures, two extra radiosonde ascents per day
were specially arranged at the four stations,
New Delhi (28° 35'N, 77°12'E), Calcutta
(22° 39'N, 88°22'E), Bombay (19° 04'N,
72°06'E) and Madras (13° 00’ N, 80° 11’ E) for
four representative months of the year. These
special observations at 06 and 18 GMT
together with the two routine synoptic obser-
vations provided a series of four observations
per day separated by 6-hourly intervals,
Such data were made available for July
and October in 1960 and January and April
in 1961. The radiosonde instruments used at
New Delhi, Calcutta and Bombay were the
India Meteorological Department Chrono-
metric type and those at Madras the Fan type.
Radiation corrections appropriate to the solar
angle at the hour of observation were incor-
porated for the 00, 06 and 12 GMT observa-
tions for levels 400 mb and higher. All nume-
rical computations were checked and a few
doubtful values which could be attributed to
instrumental defects were rejected. Tabulation
of temperatures were made for 900, 850, 800,
700, 600, 500, 400, 300, 250, 200, 150 and 100-
mb levels. Monthly means and standard
deviations were worked out in all cases
wherein at least fifteen individual observa-
tions were available for a particular level.
As the data for 150 and 100-mb levels were
not quite reliable and as the number of ob-
servations were small, they have been left
out of consideration in this paper.

Generally, over 90 per cent of the ascents
reached the 400-mb 'evel, 80 to 90 per cent
reached the 300 mb level and 55—70 per cent
reached the 200-mb level. Table 1 gives the
mean number of ascents (taking all the four
ascents per day into consideration) that
reached 850, 400, 300 and 200-mb levels
at the four stntions in the four months. In
the same table, the standard deviations of
temperatures at the different levels have also
been given. These have been given in the
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form of ranges, taking into account actual
standard deviations for the four different
hours.

3. Statistical treatment of the observed data

The change in the mean temperature AT
for each level from one observation to the
next, viz., 00 to 06, 06 to 12, 12 to 18 and 18
to 00 were tabulated. These may be designat-

ed as Ty—To0 T1o—Tog T'15—71'0, and
Too—T. In addition to these, the
differences  7',—71y and T,—7,y were

also tabulated to obtain the 12-hourly changes
in the mean temperatures, The values in
respect of the four stations are contained
in Table 2. In the interpretation of the
results a statistical method was adopted to
determine whether a particular value, say
Ty—Ty is significant or not.  This

aq necessary in view of the possibility that
the diurnal variation of temperature might
at some level become comparable with the

Let 7'y and
Tos be the mean temperatures at any
level for a station based on Ny, and N,
number of observations respectively and %00
and oy, be the respective standard varia-
tions of the two series. As we are concerned
with determining the significance of a differ-
ence To—Ty the standard error of
this difference has to be evaluated. This
parameter oy is given by the relation
—1) 0% + (Nop — 1) 0%,

\/(\'ns
x\m "}‘ J:V(m = .2

The Students’ ¢ - test of fﬂgmﬁcunce
was applied in respect of the two series of
temperatures one pertaining to 06 GMT and
the other to 00 GMT. In n accordance with the

standard practice, i'ua— o0 Was taken
as significant only when ¢ given by the
relation—

random errors of observation.

Tos—Too

o4 ‘/ \Oﬂ L ‘\ 08

exceeded the limiting v .tlue cmrosponduw to
5%, significance limit as read from Fisher’s
Ta bles Similarly all other pairs of mean
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TABLE 1

Number of radiosonde ascents (mean of four synoptic hours) that reached different levels as well as

the standard deviatlons of the observed temperatures (given in brackets)

JAN

APR

OCT

JAN

APR

JUL

ocT

JAN

APR

JUL

oCT

JAN

APR

JUL

ocT

830 mb

31

(2-9—3:

30

(1+8—2+{

(2:3—2-

(1-6—2-

+3)

2:6)

400 mb

NFEW DELHI

31
(2:3—3-4)

CALCUTT:

(2:7—3-7)
29
(3:4—4:1)
29
(1-9—2-4)
20

(2:0—3-1)

BOMBAY
20

(2:7—3-1)

(2:1—2-7)

29
(2-1—2:3)
31

(2:2—2-8)

MADRAS
30
(2:4—3-0)

300 mb

Gy

Dt

(5
~1

2.0

By

29

2:9-3

2:6—3-2

20

1—2-

2:0—3

1)

4)

3)

200 mb

25

(3-8—4-8

26

(3:9—5-

(2:0—3-0)

26

(3-3—4-

17

(2-3—4-

(3-2—4

17

(2:6—3-¢

2]

(3-0—3-

3.8)

.4)

‘1)

5-4)
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TABLE 2

NEW DELHI
January April

N

900 107 103 —02 —08 +1:0 —01 40:6 421* —1:3 14 +2:7¢ 40-8

850 +0-6 —0-2 —0-3 —0-1 404 405 +05 10 —0-7 —0:8 +1:5 —0-3
800 +0-7 401 -—0% —0-6 408 +01 403 407 —06 —0-4 +1-0 —0-1
700 407 —0-3 0-0 —0-4 +0-4 403 409 —0-6 —0-2 —0:1 403 +0-8
600 00 +0-6 403 —0-9 406 —09 106 —0-1 —03 —0:2 +05 404
500 +0-7 405 —0-2 —1-0 +1-2 —0-3 408 402 —1-3 +0-3 +1-0 +1-1
400 +07 402 —0-3 —0-6 409 401 -—0:1 +0-6 —06 401 <405 0-0
300 +0-9 —0-5 —0-8 +0-4 404 +41-3 —0-6 +41:0 —1'2 408 <404 40-2
200 +1:2 —1-5 00 -03 —0-3 415 —1:2 +1-3 —2-1 +42:0 +40-1 40-8B
July October
900 “40-7 +2-3% 1o 15 300 —08 :EB‘_I;-I_E:{)—-;L—I-E 117 —0-6
850 0-0 +2:0* —1:0 —1-0 42:0¢+ —1-0 {08 406 —04 —1-0 +1-4% —0:2
800 +0-2 409 —0-8 —0:3 +111* —0:1 409 405 —0-4 —1:0 +1:4¢ —0-1
700 +0-2 405 —0-7 00 407 402 411 405 —0-6 —1'0 +1-6% 401
600 +0-5 403 —0:5 —0.3 408 402 418 —0-1 —04 —1-3 +1-7 405
500 +0-9 40-4 -7 6 +1:3% 403 +06 409 —08 —07 415 —0-1
00 407 403 —0-5 —05 +1-0 402 +1:3 404 —05 11 +1:6 401
300 —o0-5 +0-9 —0:3 —0-1 404 —0-6 +0.2 +41.2 —0-1 —1-3 414 —1'1
200 —0-4 +0-2 —0-8 +1-0 —0:2 406 00 408 —0:2 —0-6 408 —0-8
CALCUTTA
January April

— =23 ) LA i .
900 +-2-5¢ +0-2 —2-3* —0-4 +2:7* +2-1* +1-5 +42-0*+ —1-8% —1-7* 43.-56* —0-2
850 +4+2:1* +0.2 —1-6%¥ —0-7 +2-3% 41:4% 4+1:0 +1-6* —0-8 —1.8% 42.6* —0-8
800 +1-7* —0-6 —1-4* 40-3 +1'1 +2-0* 409 +1:3 —0:3 —1-9% 42.2% 1.0
700 +2-0% —0:3 —1-3* +0°2 41-7% 42.2* 407 40-9 0-0 —1:6% +1:6%* —0-9
600 41:9% 401 —1:2 —0-8 +2:0* 411 +0:2 +1.7 —06 —1'3 +1:9% —1-1
885 —00% | =8 =05 T8 1T Belbr KL 02 O LT il
400 +2-6¢ —1:5 —1-0 —0-1 +1-1 42-5*+ —0-4 415 +06 —1-7 411 —2:1
00 L1 —0-9 | 0T 08 RIS HTN™ 408 - phels £0-8 S —1-8 +1:8 1B
200 +3-1* —1-7 402  —1+8 Fl4 41-5 0-0 11 406 —1-7 411 —1:7
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TABLE 2 (cunid)
R o o i o S < =2 N = <& =4
-~ B - . . » - - "
= & :-_ < S =~ &5 s =~ < 55 =~ =
CALCUTTA {(confd
July October
[ ———— — A —— —= — e —
QO 1 O* 01 —0 6 14 I+0* a3 1 o= 3 -1 6% -1 1-5*% 1+ 1%
850 0-7 ~0-1 —0:7 -] ()N 0-6 -4 -1 | ] 13 1-5% 0
s00 0 0.8 —0-1 — et [} Bl IR 1-3% Q-2 -5 0n-3 15 06
T00 —=0-9* —0-1 0H-8 L 1-0% -7 1 §* - —0:3 —]-3* 1-5% 5
B0 —0-y* 00 —0-0 et 4= 0-4 10 0-1 —-5 1 (-4 06
500 —1-1* —0-3 —) ) u-l s ]-2% (N8 —0-2 —1-3 U3 06 1:5+%
400 1:4% —1-6% —U-2 0.4 —{)- 2 l-5% n-3 —3 —0-8 408 01 (B |
300 —1:4 —0-8 01 —U0:5 0t 04 06 —0-1 0-2 0 —0-7 0-3
200 —0-8 -8 —1-0 1-0 (LR 1-8 13 0-0 —1:6 1-1 0-5 1-6
BOMBAY
.Ia.nui{y April
900 T16* 105 —11 —10 4210 <08 Tl 430% 05 —27% 239 0
850 —13* +0-4 05 —I1-2 ]+ 7% 0-1 L-o* +1-0 —0-4 —1.5* L-o* —o-6
800 —=2-1% —0:6 0-6 -4 L-5* L% 04 1:0 -1 —]-3% 1-4% 0.9
700 <2.09% _1-8% —0-8 0.3 1-1* 2. -6 0-4 —{-7 )-8 4+1:5% —g-2
600 2.0%  __].2% 1-3% 03 1-0% 2.5 1-2 0 —1-2% (-9 2. )% -3
00 =2-1% 0-85 —1-1 02 1-3% 1-4* 1-5* -6 1-2% __].0% 2o L6
400 2:4% —0-6 2. 3* -5 1 5% =30} b 1-4* -9 —0-9 ]- 4% 2.9% 0.0
300 -2-3% __]-1 1-5 0-3 1.2 2. G 1-8* 0-3 —16 —0-3 2-1* 4.1.3
200 £2-9% —0-3 —1:3 1-3 TSN | 1-6* 2a4% ) L R 01 2o L.gs
July October
e i A ) — o A —_—

900 £0-5 -0-3 —1-0* 0.2 0 N* 0-7 1-1% 07 —1-2 -6 --1-8* 0-5
850 0-6 02 ]-0% (-2 )N 0-5 1+5% -0 —0+4 —)- 6 1-5* -9
800 +0-7 -0-2 —0-8* -1 0-9* 0-6 1-G¥* 0-0  —0-9 0.7 1-6* 0-4
700 4-1-2% —0-7 - % 04 -5 -6 1-G* 07 —dj 1 2.3%  L].5%
600 4-1-4* —0-4 —1-1%* 0-1 | -0)% 1+a* 20% —1-0) —0:5 —i}if 1.0 1-5%
500 4-1-7* —0-0  —1-2* —0-4 0-8 el By 2:6%  —1-5% —0-4  —0:7  1-1%F ].ge
400 +1-4*% 401 —=2-1% -6 5% 30" iy 1-3* —0-09 —0:5 1-4% Dok
300 +£0-T +0-8 -] 8% 0-3 1-5 1-0 1-8% 02  _2.5% 05 2% 9,94
200 - _— 20 11 0-7 - 0-5 18 1.9
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TABLE 2 (contd)

& ) N | ! l | | | | I |
g d g fET S 8 & & & & g
MADRAS
January April

o —A N0 % )
900 4-2:1* —1-4* —0-2 —0:5 407 41-6* H+0:7 41-7*% 401 —2.5% 2.4% __].8%
850 +4+1:3* —0-5 —0:2 —0-6 0.8 407 401 411 401 —1-3% 1-2% _].9%
800 -1:4* —1-0 02 —0-2 40-4 41:2% 404 105 —05 —0-4 40-9 00
700 +1-7* —1:0 —0-6 —0-1 +0-7  +1-6* 41-5* —0-9 —1-3* 40T 40-6 -2.2%
600 1-7%* —I1-5* 00 —0-2  40-2 41:6% +41-3%* —1-1 —1-0 +0:8 40:2 L2.1%
500 4-2-2% _2.0% 00 —0-2 402 420 41:6* —0-7 —1:6* 407 409 2.3
400 +1-8% —1-4* —0-5 40-1 +04  4+1-9% 401 405 —I14% +0-8 406 409
300 409 —0-9 —0-1 40-1 0-0 41-0- —08 415 —10 403 40T —0-5
200 -—0-7 +41-2 —0-7 402 4056 —05 —0-9 —J-4* —38 413 425 40-4

July October

— A e a =
900 41-3% 41-1% —2-0% —0-4 42:4% +0-9 41:0* +0:3 —0-9* —0-4 41:3% L0-6
850 41-0% 40-1 —1-3* 0.2  4-1-1% 41:2* L0-8 —0-4 —0-1 —03 404 405
800 -1:2¢ —06 —0-6 0-0  +06 +41-2* 416 —0-6 —06 —0-4 J1:0% 1-2%
700 +1-3* —0-6 —0-5 —0-2 40-7 +1-1 2-6%* —0-8%* —0:4 —1-4% _L].8% .].2%
600 +1-4* —0-5 —1-1 402 40-0% 41.6* L1-8% —14* —0:1 —0-3 --0-4 1.5+
500 +4-2-2¢ —0-5 —1-9% 40-2 1-7% 42-4* 12.3* _1.56%* —0:'4 —0-4 40-8 41:9%
400 +0-5 +0-4 —2:4* 416 409 F$2-0 400 —07 402 —0-4 L0-2 +0:5
300 +2-2 —1-2 —1-0 00 +4+1-0 42.2¢ 2.7¢* 1.9 —04 —0-4 408 .2-3*
200 +2-7 —0:4 —22 01 +2:3 426 426 —1.8 —04 —04 408 2.2

values were subjected to this significance test.
Those differences which were found signi-
ficant have been marked by an asterisk in
the tables,

4, Discussion of the resulfs

The salient features of the results in respect
of the four stations are given below station-
wise,

New Delli—In January, it is of interest
to find that significant diurnal variation
does not extend even upto the 900-mb level
(1 km). Probably the stable air characteristic
of winter season prevents the upward pro-
pagation of the surface temperature wave.

In April, the 900-mb level temperature has a
fluctuation of 2—3°C during the course of the
day, the maximum temperature probably
occurring near about 12 GMT or local evening.
In July and October the effect of the diurnal
variation extends higher upto 800—700-mb
levels (2 to 3 km) probably due to the greater
instability of the air and the consequent
vertical mixing. The amplitude of the varia-
tion is about 1 to 1:5°C only. No significant
variation is observed at levels above 700 mb
in any of the four months.

Caleutte—In marked contrast with New
Delhi, the diurnal variation in January is
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seen to extend as high as the 100-mb level.
It is not known what part of the observed
significant variation is ascribable to uncertaine
ties in the radiation correction. The amplitude
of the variation is seen to he ahout 2-0°
to 2:5° C and part of this is probably real.
Calcutta, located on the coast is subject to
the diurnal effects of land and sea breozes.
The local solenoidal fields generated by hori-
zontal temperature gradients near the coast
are apparently effective in causing a more
vigorous diurnal mixing of air than at New
Delhi. In April, the variation of 2 to 3°C
18 observed at 850-mb level, 1-5 to 2-0°C
aloft upto 600-mb level and no variation aloft,
The reason for the diurnal variation extend-
ing to a higher altitude in January, than in
Aprilis not clear. In July significant variation
is seen to extend upto 400-mb level though
the amplitude is only about 1-0 to 1-5° (.
Convective activity during the monsoon sea-
son is probably also effective in maintaining
a diurnal variation upto this height. In Octo-
ber, variations of the order of 1-5 to 2-0° ('
extend upto the 700-mb level only.

Bombay—As at Caleutta, significant diurnal
rariations are observed in January at Bom-
bay upto even greater heights, viz., the
200-mb level. Here again some doubt is
cast on the genuineness of the variations.
The constant value of about 2:0 to 2-5°C
observed at all levels from 700mb to
200 mb is probably indicative of the inade-
quacy of the radiation corrections that have
been applied. This situation is similar to that
observed by Riehl (1947) over the tropical
Caribbean Sea. Such variations are seen
in all the four months at Bombay, the observ-
ed amplitude being smaller in April and July.
In the absence of any reliable correction for
radiation error, it may be assumed that a
part of the observed diurnal variation is
real.

Madras—Significant diurnal variations are
observed at Madras during all the four months
upto about 500 mb level. The observed
amplitude of diurnal variation generally
increases from about 1-5°C' at 700-mb level
to about 2-0 to 2-5°C at 500-mb level, If

the vertical propagation of the surface tem-
perature oscillation by eddy diffusion and
convection were the primary cause for the
occurrence of diurnal variation of tempera-
ture in the middle troposphere (as it appears
to be the case from various sources of evi-
dence).-one would expect the amplitude to
diminish with height. In view of the observed
increase of amplitude with height it would
appear probable that the radiation correc-
tions applied to the observations might be
an underestimate. These facts emphasise the
need for obtaining more reliable radiation
corrections,

General conclusions—A few other salient
points that can be deduced from the obser-
vations are—

(1) The observed amplitude of the diur-
nal variation of temperature (the
determination is only approximate
in so far as only four observations
per day were available for study)
as deduced from the maximum value
of AT occurring in the tables is
about 2-6 to 3-5°C at 900-mb
level decreasing to 1-0 to 1-5°C
at 700-mb level. The amplitude is
larger in April and October than in
January. In July, the diurnal
variations extend upto 500 mb but
the amplitude is smaller.

(2) The rise of temperature during the
day takes place at Bombay, Calcutta
and Madras between 00 and 06
GMT, i.e., the first half of the day.
But in the case of New Delhi, the
main rise is delayed and takes place
generally during the latter part of
the day. This difference is probably
related to the location of the first
three stations over coasts and the
last station in inland.

5. Direct heating of air during day; noeturnal cooling

The above diurnal variation may be pic-
tured as the vertical propagation of the sur-
face temperature wave. The amplitude of this
decreases as we go upwards until the
true effects become mixed up with the
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TABLE 3
Mean cooling of the layer 600-400 mb (°C/hr)

January  April July October
New Delhi  0:13 Indeter- 0-1 0-16
minable
Bombay  Indeter- 0-2 Indeter- 0-1
minable minable

‘background noise’ in the data resulting from
instrumental errors. At higher levels, diurnal
variation of temperature could occur as a
result of direct absorption of solar radiation
by the atmospheric constituents especially
water vapour. The magnitude of this effect
is small being of the order of 0-056 to 0-1°C
per hour as estimated from the previous works
of Jordan (1960) and Kay (1951). With the
accuracies attainable by the radiosondes
now in use in India and with the possible
uncertainties in the radiation corrections,
it may not be possible to determine the magni-
tude accurately.

The observations made at 18 and 00 GMT
fell wholly during the dark hours at Bombay
and New Delhi, As the disturbing effects of
direct solar radiation are not present in res-
pect of the data of these two stations, it was
decided to compute the nocturnal cooling
of the free atmosphere although the random
errors of the radiosonde still constituted a
vitiating factor. Table 3 gives the nocturnal
eooling in °C per hour as deduced from
the Bombay and New Delhi temperatures at
18 and 00 GMT.

Chiu, Wan-Cheng

The most probable value of nocturnal
cooling is in the range 0-1 to 0-15°C per
hour. This value is in qualitative agreement
with those determined elsewhere and with
the values predicted by theory.

6. Summary

Summarising, the broad features that are
brought out by the study are—

(1) For a continental location like New
Delhi the observed diurnal effects extend to
a much smaller height (700 mb) than those
at the coastal stations, Bombay, Calcutta
and Madras (500 to 400 mb).

(2) Under stable atmospheric conditions
in winter the diurnal variation at New
Delhi hardly extends even to 1km above
ground. In July and October, variations of
1-0 to 1-5°C extend up to 700 mb only.

(3) For the coastal stations, variations of
the order 1-5 to 2-5°C are observed up to
500—200 mb. A part of the observed range
at heights above 500 mb appears to be caused
by inadequacy of radiation corrections applied
to the radiosonde instruments.
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