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ABSTRACT. The results of special radiosonde soundings extending upto 1000 ft made on certain selected
dates and at certain selected hours during the winter season 1957-58 and pre-monsoon season 1958 over Dum Dum
airport are discussed. The results indicated the formation of ducts at certain hours, The variations of the meteoro.
logical data with the progress of night are shown in a tabular form.

The radarscope observations at the corresponding hours are also discussed.

On some ocecasions the duct

heights were as high as 600 ft and prevailed for the whole night. These duct§ extended horizontally in all direc-
tions to about 50 miles. The attenuation produced by appearance of fog/mist over the station and its masking
effect on the ground clutters are also discussed. The mass concentration of water droplets on different dates has

been calculated and shown in a tabular form.

1. Introduction

In an earlier communication (De 1959) the
author has reported the results of some low
level radiosonde soundings made over Dum
Dum airport, during the winter season
1956-57 and pre-monsoon season 1957. The
experiments were limited to the lowest 200 ft
level. The results indicated the formation
of ducts at certain hours. The formation of
these ducts could also be inferred from the
PPI scope of storm detecting radar located
at the same airport. On two occasions in
March and April 1957, the duct heights
appeared to be abnormally high and pre-
vailed for the whole night. It was found
that the ducts were horizontally stratified
and extended in all directions to about 60
miles, Unfortunately, no definite correlation
between these duct heights and the M-values
calculated from the experimental radiosonde
data (limited to 200 ft) could be obtained.
In order to find out the correlation, if any,
the present sets of observations, as reported
in this paper, were carried out.

2. Description of observations

(@) Radiosonde observations—The radio-
sonde instrument was held at different levels
above the ground. For this purpose a string

was wound round a drum, to one end of which
was tied the balloon carrying the instrument.
The balloon was allowed to riseby steps of
20 ft upto the first 200 ft and then by steps
of 100 ft upto 400 ft. From 400 ft the steps
were increased to 200 ft upto a maximum
limit of 1000 ft level. The radiosonde ins-
trament was held at the step-heights for
2-3 minutes till the meteorological elements
of the instrument assumed constant values,
The transmitted data were then recorded by
the usual radiosonde ground recording equip-
ments.

In order to study the variations of tem-
perature and humidity with the progress of
night, the sets of subsequent observations
were taken at every alternate hour from
2000 IST till sunrise (2000, 2200, 2400, 0200
and 0400 IST). At 0530 IST a routine radio-
sonde ascent is taken daily. These data were
also utilised along with the experimental
data. The experiments were conducted on
some selected days during the winter and
pre-monsoon months 1957-58 (i.e., from
October 1957 to March 1958). The actual
dates of observations are given below—
20-21 October, 8-9 November, 28-29 Dec-
ember 1957, 16-17 January, 12-13 February,
and 3-4, 11-12 March 1958.
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(b) Radar observations—The 3-cm meteo-
rological radar (De et al. 1957) is locared in

the Dum Dum airport area at a distance of

about 1100 yards to the SSE of the radio-
sonde station. The PPI scope pictures were
taken at the corresponding hours of the
special radiosonde observations, 7.e., at
2000, 2200, 2400, 0200, 0400 and 0600 TRT.

The salient features of super-refraction as
observed on the radarscope on the eight
nights under disenssion are given in Table 1.
It is seen from the table that the extended
ground clutter echoes appeared at 2000 IST
on almost all the davs and the number of
echoes increased with the advance of night.
When the radiative cooling of the ground
surface was safficient and the situation was
favourable for the formation of mist fog, the
number of ground clutters decreased. DBy
about midnight or so, the elevated duct
started to form when the super-refracted
echoes in the form of a ring or line appeared.
This phenomenon persisted for the rest of the
night till sunrise. After sunrise the elevated
M-inversion was gradually destroved result-
ing in the disappearance of these snper-
refracted echoes.

As a typical example, let us consider the
situation on the might of 11-12 March 1958,
The radarscope observations on this night
are reproduced in Fig. 1. At 2000 IST the
around clutters were almost normal. At 2200
IST the ground clutters were slightly extend-
ed upto 20 miles in the NNE, S and SW. At
2400 IS8T the echoes in the form of a partial
ring upto 20-40 miles appeared in NE-E-S-W
sectors, A small number of echoes appeared
at a distance of about 50 miles, At 0200 IST
the ring formation was almost complete hut
the distance was rednced to 20-25 miles only.
At 0400 IST the ring type echoes encireled
the station in all directions upto 40 miles, At
0600 IST the ring type echoes hecame less
prominent and the echoes also decreased in
number.

3. Discussion
The meteorological factors which are res-
ponsible for the formation of radio ducts have
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heen discussed in details by the anthor (De
1959). From a perusal of Table 1, it may be
seen that the ground based JM-inversion
started appearing by 2000 IST on all days
of observations which were rvesponsible for
the extension of ground clutters upto aboat
20 miles. With the advance of night. while
these inversions were maintained, eclevated
M-inversions appeared. The latter were res-
ponsible for the appearance of distant echoes
which on some oceasions appeared in the form
of ring,

The sitnations on the night of 11-12 March
1958 may be taken as a typical example.
The M-values at different hours of the night
are shown in Fig. 2. The dotted curves show
the M-valaes caleulated from roatine radio-
sonde ascents at 1730 IST on 11 March 1958
and at 0600 IST on 12 March 1958, It is
seen that there was W-inversion upto 250 ft
trom ground at 1730 IST on 11 March 1958,
At 2000 IST there was groand-based S-
shaped M-inversion (Burrows and Attwood
1949) upto 120 ft. This was responsible for
the slight extension of ground clatters upto
15 miles (Fig. 1a). The M-values for the layer
120-200 ft were fluctuating. At 2200 IST
the ground based S-shaped M-inversion was
extended upto 160 ft which resulted in
inerease of ground clutters, The M-values for
the layver 160-200 ft were fluctuating, whence
again there was shight inversion up to 300 ft.
This  was responsible for the seattered
cchoes bevond 20 miles (Fig. 1h). At 2400
IST the ground based S-shaped M-inversion
was decreased to 80 ft only which resulted
in the relative decrease of ground clutters
(TFig. 1e). If the slight fluetuation of M-values
(from 100 to 120 ft and from 180 to 200 ft)
are neglected, it is seen that the M-values
increased gradually from 80 ft upto 400 ft.
There was again slight M-inversion from
400 to 600 ft which was responsible for the
ring type echoes upto 40 miles. At 0200
IST the situation was quite interesting. The
inerease in M-values very close to the ground
(lowest 20 ft) which was noticed at 2000 IST
and existed till 2400 IST was not present.
On the contrary, there was regular decrease
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Figs, 1(a) to 1(d). PPI presentations of siorm detecting radar at Dum Dum airport on
11-12 March 1958

Figures in the left and right hand bottom eorners indicate time in IST and range rings
in miles respectively
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in M-values up to about 100 ft. The gradient
was, however, not very steep. The net result
was less steep ground-based M-inversion or
duct, up to 100 ft which was responsible for
the slight increase in ground clutters (Fig.
1d). There was again slight M-inversion
from 200-300 ft. This was responsible for
the ring type echoes upto 12-25 miles. The
elevated M-inversion noticed at 2400 IST
between 400 and 600 ft was not present. The
M-values at 400 and 600 ft were same. At
0400 IST the gronnd-based M-inversion was
not present and the ground clutters were
normal (Fig. 1 e). The M-values at 200 and
300 ft were the same. There was M-inversion
from 400 to 600 ft which was responsible for
the ring type echoes extending upto 40 miles
in all directions. At 0600 IST, there was
general reduction in the ground clutters as
well as in the ring type echoes (Fig. 1f).
The radiosonde observations due to lack of
data between ground and 1000 ft, did not
indicate the presence of M-inversion, if any,
in the region. But from radarscope picture it
can be inferred that there must have been
M-inversion somewhere between 200 and 600
ft. The decrease of ground clutters was due
to the effect of attenuation of radar beam
consequent upon the appearance of mist
over the airfield.

In order to find out the value of attenua-
tion, the mass concentration (Me) of water
droplets has been calculated in the following
way—

Let P=Pressure of the atmospheric air
in mb,
e = Vapour pressure in mb,
P—e = Pressure of dry air in mb, and
T' = Temperature of air in °K.

Then 1 litre of air under above conditions
will occupy

(P—e)x 273 .. R
10133{T lltl‘cs at N.T. .
where normal pressure = 1013 mb, and

normal temperature = 273°K.
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Therefore, weight of 1 litre of the air
_ (P—e)x1-293X273

1013% T &
_ (P—o)x213x1-298
- 0BxTx10" &

Hence the volume of 1 kg of the air

1013 TX10°
= (P—e)x273x1-293

1013x T
(P—e)x 273X 1-293

litres

Now, if z gm/kg be [the mixing ratio, the
mass concentration

1013 T

Me =2~ (5 1 3m3%1-293

gm/m?

_ 273x1-203
1013

.1:(1;—-8) i

Hi—s)

= 0-546 X 7

gm/m?

The values of mass concentration on di-
fferent dates as calculated according to the
above relation are shown in Table 2. Tt is seen
that the values lie between 10 and 25 which
agree quite well with those reported in the
earlier communication. These values are
much higher than the value assumed by
Ryde (1946), viz., 1 gm/m?®. Such high value
of Mc may be attributed to the moist soil
near the Gangetic valley of West Bengal.
Assuming these values and using the empirical
relation of Ryde (Kerr 1951), viz.,

0-438x Me
A2
(to an accuracy of 5 per cent),

Attenuation (v) =

where \ is the free space wave length (3 cm),
the value of attenuation comes out between
0-49 and 1-22 db/km. This value of v is
again higher than that obtained by Ryde
(1946) evidently due to higher values of Me.
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From the above discussions one might
correlate the duet formation over Dum Dum
airport with the echoes as seen on the radar-
scope. It is noticed that the duet first appear-
ed at about 250 ft at 1730 IST on 11 March
1958 and then the duct height was mcreased
to about 600 ft by 2200-2400 IST. This duer
height remained for the whole night till
sunrise. These duets were found to be hori-
zontally stratified in all directions up to
about 40-50 miles from Dum Dum airport,

4. Concluding remarks

From the above discussions, it is found that
the increase in ground clutters corresponds
to the appearance of M-inversion up to a
maximum height of 200 ft while the presence
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of M-inversion up toabout 600 ft is responsi-
hle for the formation of ring type of echoes, It
has also been noticed that the M-inversion
was first confined to a shallow layer close to
the ground, sav up to 100 200 ft. which
aradually  inereased  up to 100600 {t by
22002400 IST and continued to remain at
that level till abour sunrise,
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TABLE 1

Salient features of radarscope pictures and J/-values on different dates

Date

2021 Oet 1957

8-0 Nov 1057

29-30 Nov 1957

Time

(IST)

2000

2200

2400
01200
0400
0600

2000

2400

0200

0400

2000

2200

2400

0200

S

Crround
clutters

max. distance

(miles)

15

Reduced

20

20

18

18

Radarscope M-values
; A ==
Distant. echoes Inversion Same values
oreeend —
Distance  Type
(miles) (ft) (ft)
50 Seattered 20—60
200300
HO0—R00
+H - 20—40
6G0-—80
200—400
35 ” 40—60 -
o " 20—60 ’e
45 Seattered G0O0-—-800 .
_ 0—R0 ¥
100—120
300400
25 Line 0—60
80—100 -
120—160
180—200
20 - 0—200 i
300—-400
40 " 0—40 -
80140
25 . .. 0—40
600—1000
e 0—80
100—120
140—300
25 Line 20—60
100—120 .
e . 0—20
40—60
80—10%
300—400
25 Secattered 0—60
and line 100—120
180—200

300—400
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TABLE 1 (conid)

Date

20-30 Nov 1957

28-29 Dec 1957

16=17 Jan 1958

12-13 Feb 1958

Time

0400

0600

2200

2400
0200

0400

0600

2000

2200

2400

0200

0400

0600

2200

Radarscope
——
Ground Distant echoes’

clutters —_———————

max. distance  Distance Type
(miles) {miles)

15 a5 Partial ring
. 30 -
20 50 Secattered
20
30 a0 Scattered
20 50 .
20 60 -
15 50 Partial ring
o 50 ”»
. 40 Line
18 40 Seattered
18 40 .
0
20 50 Seattored

M.values

A

Inversion

—g0

80—160

0—20
40—R80
160—180
300—400
40—100
G0—80
120—200
20—40
120—140
160—180

0—20
40—60
100—140
600—800
0—40
140—180

S00—1000
0—20
80—160
180—200
Missing
0—40
120—160
180—200
300—400
0—400

2080
100—120
160—180

- =
Same values

(ft)

200—300
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TABLE 1 (contd)

Radarscope M-values
Date Time , A . — A
Ground Distant echoes Inversion  Same values
clutters r A \
max. distance Distance Type
(IST) (miles) (miles) (ft) (ft)

1213 Feb 1948 2400 18 50 Scattered 20— 60
80—100
120—140
180-—200
800—1000
0200 Slightly 50 Partial ring 0—20
reduced 60—80
100—120
0400 Very much 50 - 40—60
reduced 160—180
0600 - 60 . 0-—400

{84

Scattered 20—40

80—100
120—160
180—200
300—400

0—20

80100
120—160
180—300
2400 20 50 Partial ring 0—20 40—60
120—200
800—1000

3-4 Mar 1958 2000 Reduced 23

2200 »”»

o
=
-

40 0—80

100-—140

160—180

300—600
0400 Reduced 40 - 0—40
60—80

140—160

0600 i 50 Seattered o~ e

v
2

0200

11-12 Mar 19058 2000 15 e . 20—120 300—400
140—160
180—200
2200 20 50 Scattered ring 60—160
180—300
2400 18 50 - 20—40
60—80
100—120
180—200
400600
0200 20 50 . 20—40
60—120 400—600
140—160
180—300
0400 Reduced 50 - 20—40 200—300
120—140
160—180
400—600
0600 Very much 50 » .-
reduced
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TABLE 2

Values of mass concentration .M« on different dates

Date Time Mass con Date Time Mass con-
centration centration
(Mc) (Mc)
(IST) (gm 'm?) (INT) (gm, m?)
20-21 Oct 1957 2000 251 16-17 Jan 1038 2000 188
2201 «1 2200 18:8
24040 30y 2400 18:8
0200) “% 200 "
0400 il Bt 0400 155
0380 2d tant 144
8-90 Nov 1957 2000 199 12-13 Feh 14958 2000 15:6
221 |t 22000 141
2400) 153 2400 13:3
0200 0200 12:2
0400 0400 12-2
0330 13:2 0600 12:1
20.30 Nov 1057 2000 220 3=4 Mar 1958 2000 2221
2200 32.3 2200 2019
2400 21-4 2400 19-9
0200 -8 0200 18-7
N400 10-8 0400 18-8
0530 19-5 0530 18-8
2820 Dec 1957 2000 13-2 11-12 Mar 1058 2000 209
2300 12-1 2200 18-8
2400 122 2400 17-7
0200 11-0 0200 16-5
0400 -5 0400 15-4

O600 11-1 0530 15-4




