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Some experiments on the determination of the structure
and refractive index of the lower troposphere
(lowest 200 ft) over Dum Dum Airport, Calcutta

A. C. DE
Meteorological Office, Calcutta
(Received 28 November 1957)
ABSTRACT . The results of low level (lowest 200 ft) radiosonde sounding made on certain szlected dates and
at cortain selected hours during the winter season of 1956-57 and pre-monsoon season of 1957 over Dum Dum

airport are discussed. The results indicated the formation of ducts at certain hours. The variations of the
meteorological data with the progress of night are shown in a tabular form.

The radarscope observations at the corresponding hours are also discussed. On two occasions in March

and April 1957, the duct heights were abnormally high

and prevailed for the whole night persisting  till or

even aftor sunrise. It isshown that these ducts extended horizontally in all directions to about 60 miles. Some

radarscope observations during February—March 1956 are also discussed.

On two oceasions during February

1956 elevated ducts were noticed. These prevailed for the whole night. The attenuation produced by the
appearance of thick fog over the station and its masking effect on the ground clutters are also discussed.

1. Introduction

In a recent communication, De ef al. (1957)
have reported the results of their study on
the conditions for super-refraction at Dum
Dum airport with a 3-cm radar. They tried
to correlate the incidence of the condition
of super-refraction on the one hand with the
formation of fog/mist on the other. But, as
the meteorological data for lower troposphere
close to the ground were not available, no
firm conclusion could be arrived at. The
results of experiments and observations as
reported in the present communication are
intended to fill this gap to a certain extent.
The experimental data are combined with
the usual radiosonde data to obtain an un-
broken profile of the M-value, which would
reveal the presence of M-inversions. These
inversions could be correlated with the
occurrence of super-refracted echoes as
observed on the radarscope. The obser-
vations on the lower troposphere could be
extended only up to 200 ft. Only on one
occagion it could be managed up to 650 ft
with difficulty, while the normal radiosonde
observations start from about 500 ft. Never-
theless, it was possible to derive some useful
conclusions.

2, Description of observations

(a) Radiosonde observations—The lower
level data were obtained manually by holding
the radiosonde instrument at different levels
above the ground. For this purpose the
instrument was tied to a balloon which was
allowed to rise by steps of 20 ft and held at
the step heights for about 2-3 minutes till the
meteorological elements of the radiosonde
instrument assumed constant values. The
transmitted data were then recorded by the
usual recording equipment on the ground.
Because of the difficulty of controlling manu-
ally the heights of the balloon at very high
altitudes, it could not be raised to the desired
level of about 1000 ft. The observations were
generally limited to 200 ft. The results of the
trial experiments on 1, 6, 12 and 16 November
1956 are shown in Table 1. On 16 November,
the balloon, with some difficulty, was raised
to 650 ft above the ground level in order
that the results of this sounding could be
compared with those of the routine radiosonde
sounding which was to take place half an
hour later. Unfortunately, the first height
for which the temperature and humidity data
were available from the record of the latter
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TABLE 1

Low level sounding

I Nov 1956 6 Nav 1036 12 Nov 1956 16 Nov 1956

1900 1871 1915 1IN 2000 [ST 130 IST
Height —— - — — = - -- — — — s —
T T T T T Tu T Tu
(feet) 1K) ( ) (k) (K) | K ( K) ki (K

0 0.7 MN-T M52 RURETH 20515 293-8 2005 13 203-1

] S RRY] 20314 2952 . 5 20 23-9

40 294-8 2972 204-0 ]2 2057 24924 235 20041
0 2907 MNTD RN | 2004 215040 2.2 | HI3-0

S0 2908 2072 MM -3 pd ! 1) TS 2057 202-4) M7 S 2M3-9

LiH) 2.7 M5 M- N 2905 M- 201-3 N 2039
120 209.7 2070 2Hi- 5 20 5 2096 1 41
140 20907 M7-0 RITHEE el (LI M- 200
160 2097 24961 MG S 41 TNy 2O 1 M5
180 2007 216+ 43 M- 5 DU 1) 24 2310

200) 27 2066 2.8 2050 2970 2035 209-5 2037
K-
2002
209-2

2990

208 4

T —Dex bulli temypesature, Ti— Dew point temperatire

was 983 ft. The results of the comparizon are

The results of the several sets of observa-
shown in Fig, 1.

tions are summarised in Tables 2(a) to 2Ag)
TFor the sak» of comparison, the actual moteo-

In order to study the variations of rompe-
ature and humidity with the progress of
night, the sats of sulsequent ohsorvations
wers taken every alternate hour from 2600
[ST till cunrise (2000, 2200, 2460, 0200, 0400
and 0600 IST), The observations  wepe (hy Radur  Obseriations during  Decewber
l't.ll\.ﬁn“(l TUHI"(]:I-_\'S on \\'Ilil'h '_:rnuh(l fuu or 1936 fo .]In’lf/ /f);"' —'[']w S-em maereoro-
mist was expected to oceur over the Dum  Jogical vadar (De of al. 1957) is loeated in the
Dum airfield. These were extendsd over  Dum Dum ;:il'pnrl arca at a distanes of about
the period December 1956 to May 1957 1100 yawds to the southsoutheast of the
to gﬁt some idea of the variation of stiper- radioxongde station, The TPl seope lliptu]-q_-.u
refraction conditions from the winter to  were teken at the corresponding hours of
summer months.  The actual detes of obser-  manual radiosonds ohservations, /e, at 2000,
vations which are described in details except 22000 2400, 0200, 04€0 and 9600 IS8T,
one occasion are 26-27 and 28-29 Decomber
1956, 28-29 January, 22-23 Folruary, 18519
March, 6-7 April and 24-25 May 1957,

wlogical conditions as prevailed at the time
of ohservations. iz, surfare wind. \'ih”l”if.\'.
weather and clowds, are alvo shown in the
tahloss,

I may not he NECEessIry to |'~p:'m||“-e the
PPI preseutations for all the soven nichts
under discussion. The salient  features of
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Fig. 1. Comparison of low level sounding upto 650 ft above

— Y 1 T E—— Y
350 40 230 235 300 285

ground level with the routine radiosonde sounding

(Solid line—Low level sounding at 1930 IST, Dotted line—

at Dum Dum airport on 16 November 1956

Routine radiosonde sounding at 2010 IST)

super-refraction as observed on the radar-
scope are given below-—-

(1) 28-29 December 1956—The PPT pre-

gentations on this day were almost
the same as on 26-27 December
1956. At 2000 IST, the ground
clutters extended in all directions
up to 20 miles. At 2200 IST the
ground clutters were normal while
echoes from 40--60 miles appeared
inthe SSE,S and SSW. At 2400 IS8T
echoes from 50—60 miles appeared
in the SE while those in the 8 and
SSW appeared at 3045 miles. At
0200 IST only a few echoes appeared
at 60 miles in the SE. The ground
clutter extension was also slightly
decreased. At 0400 IST, only the
reduced ground clutters appeared on
the scope (at this time fog appeared
over the station reducing the visi-
bility to 800 yd). At 0600 IST the

grouid  clutter  extension  was
decreased to about 5 miles,

28-29 January and 22-23 February
1957 There is nothing interesting
to report about the radarscope
ohgervations on these nights.
Normal ground clutters were present
on the scope except during the
appearance of fog (Tables 2d and Ze)
when they were very much reduced.

(iti) 18-19 March 1957 The situation on

this night is very intaresting., Two
of the radarscope observations are
shown in Fig. 2. The radial lines
in the pictures are due to inter-
ference from another radar (A.C.R.)
working on the same waveband.
i.e., 3-cm and locatod in the same
airport  at a distance of about
300 vd from tha meteorological
radar. At 2000 IST (Fig. 2a) the
echoes sppeared at 25-45 miles in
the B, SE and SW, the lie of the
echoes being from 080°/40-45 miles
through 180°/20-45 miles to 2307/
40-45 miles. At 2200 IST, the
echoes inereased in number. the lie
of the echoes being from 080°/35-45
miles through 180°/25-55 miles to
310°/30-65 miles. At 0200 IST
echoes broke up into two patches,
one from 080°/40-50 miles to 15077
60-7T0 miles, and another from 2007
40-50 miles through 270°/35-40 miles
to 020°/35-45 miles. At 0400 IST
the echoes almost encircled the
station at a distance of 30-50 miles
which continued practically un-
changad up to 0C0C IST (Fig. 2b),
except that the echoes in NW
appeared nezrer the station,

(tv) 6-7 April 1957— The progress of
changes on this night was some-
what similar to that on the night
just described. At 2000 IST the
echoes appeered in a patch in the
SE, S and SW, the lie being from
110°/30-40 miles through 180°/30-50




TABLE

Low level sounding

2000 IST

2200 IST

2400 IST

0100 IST

0300 IST

0530 IST

0800 IST

2030 IST

2200 IST

2400 IST

0200 IST

® Ry,
=~

358-1
2051

20-8

3046
2037

21-9

3615
201-3

20-

3619
2008
20-1

36
280.

18-4

3586
RETIR
19-0

364-5
201-1
20-8

J69-3
204-3
23-1

369-9
2037
23-0

Jhti-4
2025
21-8

363 -2
201!
20

Lo B B

20
33538
204-9

20-0

3604
2001-7
2010
362.7
25
el
35586
2895
188
2956
2001
15-3

364-
2018
200

40

18-3
24
204-5
213

3655
201-0

EIE

350-3
28035
18-8

3371
2001
187

AL-0

291 4
20-1

3742
204
30§

n Sy

DN
203,

24-1

4]

366+
201-7
21-1

3006
2024
2001

Height
— S
G Sa 1iM) 120

(a) 26-27 December

347-1 3444 346-2 342-8
2060 206-9 2076 208-0
18-0 17-5 IS0 7-1
3597 357-6 3538-4 339-2
204-9 2954 295-4 205-4
235 201 20 ] 20-1

J50-4 3384 358'3 358-5
291-9 293.2 2025 202-6
19-4 19-1 19-1 189

3663 367-7 3665 J07-3
201-0 201-4 201-8 201-8
207 210 20-6 20-6
3582 3593 360-1 3575
2809 2002 200-2 290-5
18-5 18-3 18-3 18-0

3504 360 8 361-
2000 280-8 289-
Is-38 19-1 19-

361 -7
200-0
18-8

Ll K

3618 362-3 3661 3390
291 -4 2022 20292 203-3
20-1 20-0 20-7 19-3

(b) 28.20 Decembiey

371-6 375-2 376-0 376-8
295-0 204:5 204-5 204-5
23-3 237 23-7T 23-7
377-9 374-2 375-0 380-2
203-5 20345 203-5 203-4
24-1 23-2 23-2 24-1

366- 6
201+

367
202

376-6
2024 202-3

-
XRX]
&
1w

21- 21-3 216 22-4
360-3 373-8
D02. 8 208-3

19-4 22-6

J—Modified refractive index, 7'— Dry bulb
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2

and prevailing weather

(fest)
—
140 160 180 200
1956
348-5 3443 345-0 345-8
298-0 2080 208-0 298-0
17-1 17:1 17-1 17-1
359-9 3622 363-7
205-4 2952 2052
20-1 20-4 20-4
359-8 3606 3580 360+8
2025 2025 202-7 2027
19-1 19-1 18:4 18-8
368-3 368-8 3695 3703
201-8 2018 201-8 201-8
20-6 20-6 20-06 20-6
358-2 350-0 356-8 357-8
200-5 200-5 200-8 2008
18-0 18-0 17:5 17:56
362-0 362-8 362-8 368-3
200-1 290-1 200-2 200-2
18:7 18:7 18:6 19-6G
339-0 3544 3507 357-1
203-4 2049 205-7 204-3
19-2 18-3 17-7 18:5
1956
3775 378+:3 3700 379-8
204-5 204+5 2045 204-5
23-7 23+7 23-7 237
380-9 381-7 382-4 383-2
293-5 203-5 2035 293-5
24-1 24-1 24-1 24-1
375:5 377-1 368-6 372+4
2024 292-8 202-8 202-8
225 22-9 20-8 21-5
374:5 367-7 J68-4 369-2
203-3 2935 203:5 203-5
22.6 21-0 21-0 21-0

Weather
i
Surface Present Visibility Clouds
wind weather (n.m.)
Calm .o 40 5 Cs]25000°
SW2K we 3:0 3 Cif25000
Calm .e 3-0 2 Cil25000°
Calm Clonds 3.0 2 Cif25000°
forming
Calm Fog, sky 900 yd 2 (/250007
discernible
Fog has  been 200yd 2 Ci/25000
Calm thicker during
preceding hour
Calm = 50yd 3 Cif25000°
SWIK 40 Nil
Calm . 3+0 Nil
WNW/ K . 3.0 Nil
Calm Haze 2:b Nitl

temperature (“K),

¢— Vapour pressure (millibars)




300 \.C.DE

TABLE

Height

i ~0 (L] 126

1h) 22.29 December

0400 1T M 36401

M | i St 1) 3554
m . . 1ol By gen X 4 . H
T )3 R | et g 2056 243 Ohservations
£ 14+ 6 21-2 212 202 190

0600 18T M

T Observations al indoned due to insteomental trouble
e
€) 2820 January
2000 IsT M 360-8 35749 3580 3588 330:5 3635 Fiig- 1
/{4 293+ 6 204401 241 204-] 2041 204-1 20401
¢ -4y -1 Mh-1) 2hed) 20 -8 20 8
2200 18T M Btid S 3 30661 3607 3719
T S 2030 203-2 2036
-z 21-3 2240 32.3
2400 15T M 360-3 327 3034 368§ 3680 370-5
T NN RITTE -5 2014 2914 2021
¢ 19-8 20000 200 22 212 215
0200 18T M 360-3 RN 3634 B4 3671 370-3 370-1
/4 20008 2041 8 MG 2010 M1 -0 211G 2014
( 19-8 195 b0 o] Vi 207 21-4 21-2
0400 IST s 357-8 3548 3531 361-3 362-8 3630 3644
n ORG.7 INN-D 2870 IN N 200-10) 2000« 0) 2000-10)

e 149-0 17-6 170 19:1 19-4 194 19-4

0600 15T M 3578 A | 3613 363-0 3640 Qi 7 369-5
n I8 7 2804 201 20902 290-5 20 5 MM -2
¢ 190 157 19-4 196 2000 200 20.9

2000 IX7T M 3775 9 1S3 38K8-0 3884 389-9
v 208-0 1 i | 206 4 2063
¢ 26-3 1] 270 27-6 a7,

2200 IsT M 3840 3882 A% 0 391-6 302-4 301-9
T 2070 2054 M7 4 2065+ 2 206- 2 206 2
‘ 28-4 25-2 275 42 i 270

2400 1T M 385-3 3807 asl-2 38240 382-7
T 206G-3 2006- 1) M)5-9 2054 2950
] 275 26+ 1 260 26-0 260

M —Modified refractive indes, 7' IJ]}‘ bulb
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2 (contd)

(feet) Weather
P — e, —— e I R
140 160 180 200 Surface Present
wind weather
1656-—contd
abandoned due to instrumental trouble Calm Fog, sky

discernible

Fog has been
thicker during
preceding hour

1957
368-5 367-0 366-7 30675
204+ 1 2044 2047 294-7  SM4K
21'5 21-2 210 21:0
872-6 373-4
2036 203-6 SW/1 K
22-3 22-3
370-2 371-0
292-3 202-3 Caulm
21-3 21-3
370-8 371-6 372-3 373-1
201-4 2014 2014 2014 Calm Mist
21-2 21-2 21-2 21-2
365-1 3659 366-6 37290 Fog has been
200-0 2000 2000 291-3  Calm thicker during
19-4 104 194 210 preceding hour
366-8 364-9 365-6 3664
202-2 202-8 292-8 2062.8 SW/I K i
205 20-1 201 2041
1957
3809 380- 1 388-9 380-7
206-4 20-8 297-1 297-1 SSE/S K
27-4 271 27-0 27-0
3939 304-7 395-4 394-9
206-0 2060 206-0 206-2 SSW/A K
28-1 28-1 28-1 27-9
389-8 393-0 302.6 302-3
2057 295-7 -7 B SSWAB K
27-1 27-6 27:0

Visibility
(r.m.)

300 vd

110 yd

=1}
<

10 yd

10 yd

40

3.0

Clouds

Nl

Ne

Nit

Nil

Nil

Nit

4 St/200°

2 St/200°

Nil

Nil

Nil

temperature (*K), e—Vapour pressure (millibars)




302 \.C. DE

TAEBLE

Height

0200 IST M 3576 390-3 3806 3945 393-3 394-9
T 2063 206 2068 it 6 96 6 206. 9
¢ 251 Nt N3 ). 2 5.6 IN-6G

0400 IST N 381-3 3766 377-4
Y 204-7 203-1 203-1
¢ 26-0 23:5 23:5

0600 IST M 372-9 373-5 377-2
T . N 202.5 203-0
e 231 227 23-4

(¢) 18-19 March

2000 IST W 3610 3602 360-0 3604 361-1 3612 3627
T 209- 1 2058+9 20810 208-9 208-9 208-7 208-9
e 23.0 224 22-4 221 22-1 21-8 221

2200 IST ™ 3549 3533 3550 356-1 3560 356-8
T 207-4 207 4 207-4 207-6 207-4 297-4
¢ 200 8 20-5 2045 20-4 20-4 20-2 20-2

2400 IST M 370-7 368-9 369-6 370-6 372-6
T 208+ 1) 20810 208-0 207-9 208-0
e 247 23-7 23-7 239 24-0

0200 IST M 374-6 3754 371-9

372.7 373-4 378- 375-0
T 2969 206-0 2071 2071 207-1 206 207-1
e 25-2 9252 24-3 24-3 24-3 p 24-3

0400 IST M 3751 364-4 3657 3663 3815 369-4 377-3
7' 2070 2070 2043-8 2068 206-8 26043+ 207-0
e 26100 29.5 19-4 194 26-0 232 25-1
0600 IST M 3876 7 38537 3004 990- 8
T 2068 0 2071 206-9 206- 9
¢ A8} 5] 27-3 8.2 27-9
(f) 6-7 April
2000 IST A 4052 306 4 4006 401 -4 402-1 402-9 403+
- ) 7 3008 300+ 5 30M0- 3 2003 300-3 3003 300-¢

0o Ly 3

e 340 31-6 32-3 32:3 32-3 32-3 32-3

a0 IST M 391-9 393-8 395-3 3016 304:9 392-9 306-5
- T 200 0) 2019-4 200-7 2007 200-9 2000 200-9
¢ 305 206 30-9 30-5 20.8 30-5

W—DModified refractive index, .7'—]!['_‘.' hulh
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2 (contd)
(feet) Weather
= e e et et = e S
140 160 180 200 Surface Presont Visibility Clouds
wind woather (n.m.)
1957—contd
395-0 304-7 305-4 396-2
2062 2062 206-0 206-2 S5W/2 K Clouds 3-0 4 n\'f:;ﬂﬁfll#‘,
28:5 28-2 28-1 28:2 forming
377-9 3787 3794 5
2030 2030 203-0 2 (Calm Fog 110 yd 3 St/500°
234 234 23-4 -7
384:4 382-4 384-0 Fog has beon 100 yd 2 Ae/10000°
204-0 203-5 293-7 Calm thicker during
24-9 24-1 24-4 preceding hour
1957
3634 361:9 3691 368-3
208-9 208-7 208-9 208-9 SSW/8 K 5:0 Nil
22-1 21-5 23:1 22-7
3575 ¥ 361-8 362-5
207-4 -1 297-1 207-4 SW/TK 4-0 Nil
20-2 3+ 5 20-7 20-8
3746 372-6 373-6 379-7
208-0 2979 2979 20747 SW/AEB K 40 Nit
24-4 23-6 23-9 24-9
377:6 3784 3791 8759
206-9 206-9 296-9 206-9 SW/TK 35 Nil
245 24-6 24-6 23-7
301-3 383-4 3835 3840
296-8 206-9 2068 296-9 SW/8 K 30 Nil
27-7 -8 25-7 25-8
392-7 392-8 304-2 401-4
296-9 207-0 296-9 296-9 SW/6 K 30 Nil
28-2 28-1 28-2 29-7
1957
404-2 397-1 400-9 398-9
300-5 300-8 3005 300-8  S/1C K Clouds 5+0 1,8¢/2500"
32:0 30:7 31-2 30-7 dissolving 1_Ac/10000
399-1 3999 396-1 401-4
209-7 299.7 2997 209-7 857 K 4+0 1 C'i/30000
30-9 30-9 298 30-9

temperature (°K), e—Vapour pressure (millibars)




304 AC.DE

TABLE

Hoirht

0 20 40 L s 1in) 1200

(f) 6.7 April

2400 [ST M EAR RN -2 I8k 2 354-3 3866 3888
T 2084 251} 2084} Mg His o) 80}

‘ 289 2.2 27.4 2i-3 276 27-9

0200 18T M 302.3 3020 IN0-N 300- 6 301-3 3005 388-4
4 204). 9 M85 JON5 208-5 2085 DR T 208-7

£ J0-3 2T 241 2491 2041 s8-8 28-1

0400 1ST M 3917 3883 3903 REREE N1-7 391-3 3895
T 2081 M7 -4 20974 20708 207-6 207-4 20746

295 )84 IN-N 276 2N-8 bt T | 27-9

OGOD IST M 36 3034 3057 306- 1 3069 3976 3097-2
T 2U5- 1 MIN-3 MIN-3 2087 MIR-5 287 H8-5

‘ 06 3l-0 J0-3 30-4 314 30-4 31-0
() 2425 May

2000 18T ny 1133 430-3 L] 13061 430-1 4391 4407
(i 3043 3043 4.0 { 303-0 303-1 3030

¢ 375 -6 tl-8 425 423 42-5

2900 18T M 351:3 3533 353-6 335:0 3537 3545
T 303-2 3029 303-2 302-9 302:9 302-9

¢ 34-8 351 3-8 35-1 .2

342

2400 15T M -6 402 4 3U5-3 306-3 3070 400-1 409-6
T 302-7 J01-5 3010 3010 3010 300+ 8 3010
¢ 347 335 34 31-4 34 M0 341

0200 IST o
T Observation  abauwdoned  due  to instrumentnl  tronhle
!

0400 IST M
T Observations  abandoned dne to instrumental tronble
e

0530%TST M L10-6) n . s 4161
/g 300 -8 v e = 30401
P 353 .. 355

*Data computed from routine radinsonde aseant. M —=Muditied refractive index,
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2 (contd)

(feot)

140

1957 —contd

304
208
29-

SRR

303-6
2085
29:1

2900-2
207-6
L

274

309
208+
31-

(o= &

1957

438-8
303-1

42.9

355-3
303-2
4

2066
301-4
31-0

301

208
28

302

208
9y .

391-

207

400

208- 1

439-
303
42-

354-
13- 2
331

H

Lo Lo b2

e S0 e o)

6

a9

LSl -

307
208

M) -

440-
303-
42

354+
303
33

409

301-

33

& e =1

- =i =1

(=

-6

4

7

395-
208

28

441-

303

42-1

3
-0
-2

=

—

356-4

302-¢

33

4092
301-§
330

(at 3307)

414-3
298+ 3
32-3

St Ot o

PRSI
Surface
wind

S8W/6 K

SSW/S K

SSW/6 K

§/12 K

SRW/12 K

SSW/12 K

SSW/12 K

SW/6 K

88 K

Weather
A

Present:

weather

= S
Vigibility Clouds
(n.m.)
40 2 Ci[25000°
4-0 Nil
40 Nil

3-0

6+0

6-0

6-0

6.0

1 Se/2500¢
5 (250000

Nil

Nil

Nil

Nil

Nil

T Ci/30000¢

T—Dry bulb temperaturé

(*K), e—Vapour pressure (millibars)
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miles to 220°'35-45 miles. Apart
from these, some scattered echoes
appeared in the remaining sectors
at 40-80 miles, At 2200 ST the
echm;!.s' il.ll]lll."'-T n%lltil‘l':!'tl ‘-In‘ sratrion
from 20-65 miles, the situation re-
maining almost the same at the

subsequent hours,

24-25 May 1957— There is nothing
impmt:\.llt to mention ;Ii"nulAf]u:
PPl presentations on this might,
At 2000, 2200, 2400 and 0200 IST,
Hppea redd

(v)

some  scattered  echoes
here and there at tlistances l'aslxuillg
from 30-70 miles, At 0400 IST the
echoes inereaged in number and lay
in SW-NW-NE sectors. At 0600 IST
the echoss almost half-civeled the
station, the lie of the echoes heing
from 220° 60 miles through 3007 55

miles to 0507 30 miles.

() Radar Observalions diuring ['.r‘fn'grrn'y-
March 1956 —We may also include here the
results of radar observations on some solected
occasions  during  February-March 1956,
These observations were taken on 16-17, 22-23,
95.26. 26-27, 27-28 February, 29 February-

1 March, 1-2 and 3-4 March 1956.

PPI pictures were taken at every il]1"|‘l.l;L'IU
hour from 2000 IST till sunrise. The salient
features of ﬁll]'lf.'l‘-l'z'l'l'zu'iitm as ohservaed on
the radarscope are almost the same as
deseribed  earlier. ﬁu]wr-l"'lll‘au'lwl eehioes
:I-]l])'.‘-f.ll'el'l on these days, hy ahout 2000 IS8T,
These were noticed as scatter sl echoes here
and there at distances of 20-50 miles. (n
come ocecasions the echoes encireled  the
observing station. On two oceasions (16-17
and 26-27 February 1956) the situations were
interesting. The echoes m':n'l_\l' !‘]l('l]('l‘:ll the
station by 2200 IST at a dlistancs of 20-40
miles which continued almost unchanged npto
0600 IST.

(¢) 16-17 February f,'{-;()'-:--rl‘\\'u of the
PPI pictures on this night ave repro-
duced in ]‘1ig. 3. AL 1945 INT []"i,f__{. 3a).

from the extended ground
the echoes :|}:|w;||'wl i

apart
clutters,

A.C. DE

40-35 miles in the SE and at 20-30
< i the 8, SW oand W. At 2200
the echoes almost  enecireled
station at a distance of 20-40
miles and these
up ro about next morning (Fig. 3b),

the
remained encireled
the '“‘-il‘illf]Tillfl }I;LT!"]'“ .\]i;:"']fl.v

changing

during the period.

(ti) 26-27 Febiwary 1936 The situation

on this ?!;}_:Ill was almost lli" Sama
as that onthe Ili'_:“lf deseribed above.
At 2000 IST. apaert from the extend-
ed rround clutters, echoes appeared
at 20-40 mules m the SE. S and SW,
At 2100 IST the echoes almost
half-cireled the station. At 2200 IST
the echoes inereassd in number, At
2300 IST the echoes enciveled the
station and continued almost un-
changed, for the whole wight till
0740 ST next dav,

3. Discussion

(@) Geweral- For  propagation problams,
the height oradient of the refractive index is
of greater importance than its absolute values.
If the refractive index off rapidiy
with height, the radio heam transmitted hy
the vadar may be hent downwards. It this

;."I':Mli"lll is sufliciently ];t]'}_{-‘? the radio bheam

1alls

nmay noi Jeave the earth. The three factors
which contribute to the of the
refractive index with height (Starr 1953) are :
() the Tapse rate of density of dry air under
isothermal conditions due to gravity, (/) the
negative lapse rate of temperature  and
(¢i7) the lapse rate of water vapour. Of these,
the contribution of the first one is small and
may be neglected for practical purposes, The
contribution ]l_\' the second ons is si_gliiﬁ(‘e!n?,
hut the most important contribution is that
from the third, namely, lapse rate of water
vapour.

deerease

(b) On aeteorological data—The values of
temperature and vapour pressure at different
Lours on the days under study for different
heights are shown in Tables 2(a) to 2(m.

The modified refractive indices (M) as ealeu-

lated from a knowledge of these data are also
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2000 Fig. 2(a) 20 M 0600 Fig. 2(b) 20 M

Figs. 2 (a) and 2 (b). PPI presentations of the storm detecting radar at Dum Dum airport
on 18-19 March 1957

1945 Fig. 3 (a) 20 M 0500 Fig.3 (h) 20M

Figs. 3 (a) and 3 (b). PPI presentations of the storm detecting radar at Dum Dum airport
on 16-17 February 1956

Figures in the bottom left and right hand corners indicate time in IST
and range rings in miles respectively
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Fig. 6, Modified refractive index, temperature and vapour pressure profiles at Dum Dum ajrport
on 16-17 February 1956 as obtained from routine radiosonde soundings
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shown in the same tables. It will be apparent
from the tables that the M-inversions noticed
between different levels are not mantained
during the successive hours of observations.
For example, the M-inversion noticed at
2400 IST on 26 December 1956 at 60-80 ft
was not present one hour later, 7.e.. at 0100
IS on 27 December 1956 (Table 2a).

It will be noticed that the lapse in M-values
from ground to 20 ft which is always present
at 2000 IST gradually decreases with the
advance of night and after midnight the lapse
18 negative, i.e., the M-value at 20 ft is greater
than that at the ground. This is, however,
contrary to what is expected from theoretical
considerations., With the advance of night,
the radiative cooling of the ground should
tend to establish the inversion and, as such,
one would expect the M-inversion to be more
pronounced. It is probable that turbulence
and the presence of the buildings ete near
the place of observation prevented the estab-
lishment of this imversion.

An aitempt was made to find out some
correlation between the temperature distri-
bution in the lower levels and the formation
of mist/fog. Some relation could be found
from the temperature values at ground and
those at 100 ft above ground level.
Emperically, when Ty — 7' ground0°-5C,
fog appeared over Dum Dum. However, any
conclusion based on only a few observations
is hazardous. More data are necessary for
arriving at any firm conclusion.

(¢) On radarscope observations—The two
salient features of radar echoes are, general
reduction of ground clutter intensity with the
advance of the night and appearance of super-
refracted echoes.

Regarding the first, the reduction may be
ascribed to the general disappearance of the
M-inversion close to the ground, within 20
ft already referred to. On two occasions,
nights of 28-29 January and 22-23 February
1957, the reduction was very pronounced.
This may have been due to the effect of the
attenuation as discussed below.

309

The attenuation of radar echoes in the
centimetre wavelength ranges produced by
fog, cloud, rain, hail and snow have been
calculated by Ryde (1946). It has been shown
that in fine droplet clouds and fog for 0°C
temperature, mass concentration of droplets
Lgm/m?® and visibility of 180 ft, the value of
attenuation for 3-em wave band is of the
order of 0099 db/km. At 20°C, the value is
almost half. The mass concentration (Me)
is generally much more than 1 gm/m? as
assumed by Ryde. The values of M¢ as ob-
tained at Dum Dum airport on the days under
report were between 12 and 22 gm/m?. Assum-
ing these values and using the emperical re-
lation of Ryde (Kerr 1951), wiz.,
0438 x Me

() = T

Attenuation db/km,

the value of attenuation » comes out to be
between 0-58 and 1-07 db/km. These figures
are much above those of Ryde and one could
expect masking off, to a considerable extent,
of echoes as obtained at Dum Dum airport
on 28-29 January and 22-23 Febrnary 1957.

Regarding the distant super-refracted
echoes it is to be noted that the lower tropos-
pheric observations up to 200 ft did not show
the presence of any marked and persistent
inversion above the lowest 20 ft on any of
the days of observations.” Hence it may be
inferred that the ducts responsible for super-
refraction must have existed at heights more
than 200 ft above the ground. However,
except on the nights of 18-19 March and 6-7
April 1957, the echoes generally appeared
from preferred directions. This shows that the
elevated ducts, if these existed on these days,
did not spread all round the airport. This
means that the refracting medium was
not homogeneously horizontally stratified
all round the airport. Any conclusion
regarding uniform spread of stratification
drawn from radiosonde observations conduc-
ted at the airport station only is, therefore,
hazardous. However, why the echoes ap-
peared from preferred directions only is worth
enquiring into, The distribution of the wind
structure may be one of the canses. But ana-
lysis of the wind data over the airport on the
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TABLE 3
Data from routine radiosonde observations

16 Fely 1036

7 Feb 1956

2 Feb 1956
a4
HELEN

HI5-T

L6
Jiwin

Wiy

5 Feb 1956 3 1012
| L

HNTE

Feh 1056 NS 10 4
1O : . - 204-0

LI R 5% by -fi 316-6

2N 1ol ( . 35240
ALY 3 . . 3500
354-06

428-2

27 Feb 1950 1013 3 . Al 4750
Ly . 24 3800
na7 ) 2030 J91-3
990 . 3 5545

1l X 3 1572
1005 : 317 396G.0
T -4 28 3805

030 : . 9. 33006

28 Feb 1950 0840 1013 } 95§ 3825

a5

20 Feh 1950 2O 1ala a0
Jipay s 300+ 3

461 302
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TABLE 3 (con'd)

Time Pressure Height Temperature Vapour Modified
Date (IST) (mb) (ft) ('K) pressure Refractive
(mb) Index (M)
1 Mar 1956 0830 1011 0 200-0 17-5 341-4
1000 333 297-8 15-0 342-2
950 1780 202-0 14:5 389-0
920 2805 203:0 11-7 40064
2030 1008 0 209-0 11-8 316-2
1000 253 3000 8-6 300-3
980 866 305-0 0-5 2888
950 1701 301-8 04 318-3
2 Mar 1956 0830 1014 0 2970 4-8 200-4
1000 432 20065 35 208-0
950 1977 205:0 2.7 447-1
3 Mar 1956 2030 1012 0 206-0 21-4 362-7
1000 356 297-0 15-2 344-7
60 1749 297.2 -5 3581
928 2578 207-0 7:5 377-1
4 Mar 1956 0830 1012 0 297-3 24-9 375-8
10G0 369 295-7 24-6 337-8
957 1713 201-0 19-7 413-1

relevant dates was not of much help. More
study is needed to answer the question.

Let us now consider in some detail the
situations on the nights of 18-19 March and
6-7 April 1957. At some stage the super-
refraction echoes encircled the airport. The
echoes on the two nights were almost similar
m nature. The routine radiosonde data from
which the M-values for these two nights have
heen caleulated are shown in Figs. 4 and
5 respectively. From Fig. 4, it is seen that
the M-value on the night of 18 March 1957
at 2030 IST at 320 {t was the same as at the
ground. While on the next moming, on the
19th at 0830 IST (more than 2} hours after
sunrise), there was M-inversion up to 350
ft. From this, it may be concluded that
there was duct formation sometime after
2030 IST and the duct height was much
above 400-ft level. From the radarscope ob-
servations recorded at Dum Dum it can be said
that the duct started formmg in 8 and SE
directions sometime between 2030 and 2200

IST and spread all round the airport in
the early morning hours of 19 March 1957
Eetween 0200 and 0400 IST, This duct height
was subsequently reduced after sunrise and
ultimately disappeared with the advance of
the day.

From Fig. 5, it is seen that on 6 April 1957 at
1730 IST there was no M-inversion. But the
record on the Tth at 0530 IST indicates the
presence of imversion at a high level (2130
ft above ground). This again leads to the
conclusion that there was duct formation
after 1730 IST on 6 April 1957. The radar-
scope pictures showed that one could infer the
formation of duct in a southerly direction at
2000 IST, which spread all round the airport
by 2400 IST. The duct stratification then
continued the whole night.

(d) On observations during February-March
1956—The meteorological data (temperature,
pressure and vapour pressure) as obtained
from the routine radiosonde observations in
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the evening at 2000 IST and the next mom-
ing at 0830 IST on the davs under report are
shown m Table 3. The corresponding
M-values as caleulated from these data are
also shown in the table. It will he seen that
on most occasions, M-mversions were present
up to 300 ft or so. The situations on the
nights of 16-17 Februarv 1956 and 26-27

February 1956 are interesting, On the former

night at 2002 IST I -in.ersian was noticed
up to a height of 231 fr. But unforiunately
the next point available was for 1287 fi
and these showed an increase m J-inversion
value. The next moming at 0535 I=T there

was ground M-inversion up to a height of

16-’3 fT- as “‘('“ as an (']v\':llwl ,” myversion
from 290 to 660 ft. These are shown graphi-
cally in Fig. 6. From the above as also from
radarscope observations it can be mferred
that the elevated JM-inversion might have
formed by 2200 IST and continued to exist
for the whole night up to about 0835 IS8T

next morning. The situation on the mght of

26-27 February 1956 was almost the same
as on the night described above., At 2004

IST ground M-inversion up to a height of

320 ft was noticed while elevated M-imversion
from 462 to 627 ft was noticed next mom-
ij.lg at 0825 IST. Here also it can be said that

A C.DE

the elevated M-mversion mizht have started
Ly about 2200 IST (the radarscope showing
echoes almost encireling the station by this
time) and continued to exist for the whole
night till about 0825 IST next morning.

4, Concluding remarks

From the observations on the nights of
16-17 February 1956, 26-27 February 1956,
1819 March 1957 and of 6-7 .'\pl'il 1957 1t
may he said that the duets at elevated heights
HES nhn\\'rl ii_\' the rout inv l'auliihlllllii' ascents
at the Dum Dum airport were horizontally
stratified and extended in all directions at
least upto 60 miles from the airport. This
statement could have been made unambi-
guously 1f the meteorological data up to
2000 ft above ground level were available
between 2200—0600 IST.
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