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Radar upper wind measurements at New Delhi using
Decca wind finding radar — Type WF 2

N. SESHADRI

Meteorological Office, New Delhi
(Received 17 April 1961)

ABSTRACT. This note gives a brief deseription of the Decoa wind finding radar type WF2 acquired by
the India Meteorologioal Department. An analysis of the series of upper wind measurements taken with this
radar at New Delhi during the monsoon months, July to September 1960, and the winter months, December 1960
to February 1961, is given. The structure of the upper winds over New Delhi during these months as revealed

by the composite wind velocity profiles, is also indicated. The ratios of the maximum wind speed

to the mean

wind speed between the ground level and level of maximum wind were computed forallthese ascentsand the mean
ratio was found to be 2:78. The comparison of the radar upper winds with the Rawin winds indicate close

agreement at lower levels and when the winds are light.
stronger than the Rawin winds.

1. Introduction

The radar wind finding technique is one of the
latest additions to the other wind finding methods
in vogue such as the pilot balloon and the Rawin
methods. These methods have, however, some
severe limitations. The pilot balloon method being
dependent entirely on visnal tracking of the
balloons, becomes impracticable under conditions
of poor visibility of low clond. Even though this
limitation is obviated in the Rawin method, it
perhaps fails to give accurate results at long ranges
or low angles of clevation, especially when the
angles less than 15° are encountered during the
season when the upper winds are very strong or
when the upper air “Jet" streams are present. The
radar wind finding is accomplished by tracking
with the radar, a suitable target made of metallised
paper or a radar reflecting nylon mesh carried aloft
by a sounding balloon. The radar wind finding
technique tides over the above said limitation to a
great extent enabling the balloon carrying the
target to be tracked down to very low elevation
angles, however depending on the nature of perma-
nent obstructions in the near vicinity surrounding
the site. The direct determination of the height at
any point of the ascent is possible in the radar
method, as the slant range of the balloon is mea-
sured at every instant and perhaps this information
is of immense value in detecting the variations in
the vertical air eurrents at different levels, especially
in the tropies.

A few years back the India Meteorological
Department acquired a Decca wind finding radar
type WE2, the first of its kind, to be installed at
New Delhi. This equipment operates in the 3 em
band, with a nominal peak power of 75 Kw. The
transmitter and receiver use a parabolic dish aerial
system with a rotating wave guide feed. The brief

However, at higher levels in winter the radar winds are

technical specifications of the same are given
below —

Transmitter : Frequeney 9375 mes 4= 30 mes
Peak power 75 Kw nominal
Pulse length 0-25 microsec

0-50 7

Pulse recurrence
frequency 500 pps
Aerial system: Parabolic dish of 8" diameter
with off set feed providing
ccnical scan

Beam width: 17 narrow
5° wide
Aerial tilt: —10° to 90°
Display : I-Scope presentation on a C.R.

Tube 9" diameter

Designed Slant 200 km under normal propaga-

range : tion conditions using a target
having equivalent reflecting

area of 725 m?
Tracking : Manual in both azimuth and

elevation
The method of presentation of the echo from the
return signal used in this radar is known as I-scope
presentation in which the target echo appears as a
complete circle when the radar is on target. The
target echo as seen on the display at high gain is

" given in Fig. 1. The echo appears only as an are

of a circle when the radar is not on target, thereby
enabling the radar to be oriented in line with the
target by manipulating the azimuth and elevation
suitably. The distance from the arc to the centre of
the display tube is proportional to the range. The
accurate tracking of the target is made possible by
the one degree rarrow heam whereas for hunting
the target soon after the launching of the balloon,
the five degree wide beam is used. A small auxiliary
reflector can be brought into use by remote contro]
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Fig. 1. Photograph showing the echo patiern
(Marked “A’) from the target in the WF 2 Radar.
Stroke marker merged in echo
when r-'(lnin:tl for targer acquizition therel 5
i}l(,‘ﬂitilﬁl]g l.‘l]_'l‘!'il[il-l‘ on two  basie conditinns
cither “Search or follow positions™. The azimuth
and elevation information ave obtained from
the mechanical position of the aevial reflecton
when the system is on target,

2. Targeis '

The type of targets nsed with this rudar ave
corner reflectors assembled by elipping togther the
bagie triancular elements made of paper hacked
aluminium foil, ¢tretched over prestressed durali-
mir. metal wive frame. The foil has sood refloe g
and re-radiation properties as well as of very high
conductivity. The corner rveflectors arve cither
assembled in the {orm of a tetrahedron or
octahedron clusters having three mutually perpen
dicular electrically conducting planes. The weights
of each tetrahedron and octahedron cluster are
590 and 875 gnis respectively. These targets are
attached at a distance of 3" from the balleon to
mininize the drag,

3. Analysis of data

The npper wind measurements taken at New
Delhi veing this radai during the monzoon mont
of July to September 1960 and winter months from
December 1960 to Felwuary 1961, are discussed
below.

Fig. 2 shows a comyposite picture of the variation
of wind velocities with Leight as measured with the
radar during the monzoon monihs July t6 Men-
tember 1960 over New Delhi, The total number of
ascents taken chnning this period is 23, The tvpe
of balloon used was mostly SIR 875 ame, with an
average rate of ascent of 18:7 kmph. The targets

d were th laree tetrahedron tvpe 'lt'-ﬁ,l'i})!'{l
J3 1

er which weick about ‘1'."?_:'!.'\ The maximum

height the taeet reached in these asconts durine
this veried wa: about 27-0 kny, wherea- the
average height reached was chout 20 Ine The
wind speerls were gererally less than 40 knots at all

range reachad

The elevaticen

levels upto 25 km, The average slavt
wias small of the order of 30 km.
'L‘.‘“i-a EH these ASCONE: wWere [Ite i.{_e__rh s tiw
halloon wes ascending rapidly because of the light
winds, Most of these flichts terninated  due to
the bursting of the balloens.

The seeond sevies of 26 ascents dizeussed here.
were taken during the winter period from December
1960 to Felarnary 1961, During these months the
\\'5?‘.1\‘1‘j~‘l streams are ])['!}ht‘!lr over I)"”:l, To obitain
upper wind information up to great heights durine
this season it was found that the raie of ascent
of 20 kmph normally used with the existing
radiosonde/Rawin ascents had to be increased
considerably to neaily 30 kmph. The average rate
of ascent realised ir these serics of ascents was
244 kmph using the SR 875 2ms balloons, As the
balloons were found to drift to low anegles, the
octahedron cluster targets weighing about 900 gms
were used to get a good return signal. Wigs. 3
to b show the composite picture of wind velocity
profiles with heights during the months of Decem-
ber 1960 to February 1961, The examination cf
these profiles reveal that —

1. On most of the oceasions the balloon Arrying

the target crossed through the core of vory strong
winds and emerged out intc the resions of the
upper atmosphere where the winds are com-
paratively light. This is <hown eclearly from

Fies, 3 to b.

2. The maximum upper wind jet speeds during
these months were found to he as high as 160 knots,
accurring at =ome level between 11 and 12 km.

3, The upper wintd velocities have been more
than 80 knots in a deep layer of abeut 6 ki thick-
ness above 8 km height. And at seme height
betweer 16 and 18 ki it is seen that nearly all
the winds 211 off tc veloeities below 40 Lknots.

4. Tt was also noticed that over a period of more
than a fortnight in Japnary 1961 the upper wind
velocities had become quite low. It seems that
the upper air jet stream doring these months over
Delli appears in spells.

The mean wind speed between the ground level
and the level of maximum wind was caleulated
for each sovnding taken during the winter months,
The ratio between maximwn wind speed and the
mean wind speed wae worleed onr in all eases and
the results are given in Table 1, The mean of the




o
__©
]

T
4]
Q
r

ET)

€

HEIGHT (THOUSANDS OF F

RADAR UPPER WIND MEASUREMENTS AT NEW DELHI 2217

JULY 1860 AUG (960 SEP 1960
. =
/ '.ﬂj
[\

\,
ot I
g \
N
I R B ]
0 20 40 60 60

VELOCITY (knot)
Fig. 2 .Radar upper wind velocity profiles, New Delhi

TABLE 1
New Delhi (Lat. 28° 35'N, Long. 77° 12'E) — December 1960 to February 1961

Date

16-12-60
18-12-60
19-12-60
21-12-60
23-12-60
24-12-60
26-12-60
27-12-60

2-1-61
6-1-61
9-1-61
11-1-61
12-1-61
16- 1 -61
17-1-61
19-1-61

Max. wind

speed
(knots)

!
max

93
149
153
160
142
154
131
160
142
120
164
152
156
105
104
106

Mean v Max, wind  Mean v
wind speed _ Max Mean speed  wind speed _ MAX  Mean
from Vo ratio (knotg) from v ratio
ground mean Dateo vV .. ground moan
!]c\’el to A level to
level of level of
max. wind max wind
V Mean " mean
38-1 2:45 20-1-61 T4 353 2-10
47-0 3-18 23-1-61 68 25:0 2:71
61-0 2-52 24-1-61 73 35+b6 2-08 278
»:5 fele 2.2.61 132 522 254
g5-0 218 3.2.61 126 47-0 2.70
48-2 .9
il .20 6.2.61 121 15-2 2.68
9. 9. B
00 268 14.2-61 140 544 258
516 3-10 2:92
15-2-61 136 50-2 2-72
-0 3-18 16-2-61 134 38-0 3-52
g-¢ 28 20-2-61 130 545 248
b52+2 3-14 N . 5.4 946
i aiss 21-2-61 132 53- 2
7.1 3.31 22.2.61 128 657 2-30
423 2.50 23.2.61 160 67-2 2-38
48:5 2:14 25.2.61 156 518 3-01
30:0 352 27-2-61 136 54-0 2-51 2-65
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Fig. 3. Radar upper wind velocity profilss, New Delhi, Dacamber 1930
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Fig. 4. Radar upper wind velocity profiles, New Delhl, January 1961
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Fig. 5. Radar upper wind velocity profiles, New Delhi. February 1961
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Figs, 6-8, Comparison of Radar and Rawin winds, New Delhi
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Fig. 9. Comparison of Radar and Rawin winds, New Delhi

ratio, which appears to he a useful index for the
maximum upper air jet velocities, comes ouc to ba
2-78.

A comparisor was also made hetween the radar
winds and the Rawin winds from the available
data as shown in Figs, 6 to 9. These graphs indicate
that there is a close agreement beiween the radar
and Rawin winds especially when the wind speeds
are small at the lower levels up to 6:0 km. At
higher levels the radar computed winds are stronger

than the Rawinlwinds especially in winter months
as shown in Figs. 7 and 8. The difference may
perhaps be the effect of very low elevation angles
encountered due to very strong upper winds at
higher levels in the winter season, on the accuracy
of Rawin computations,
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