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Radar echoes from monsoon rain
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ABSTRACT. The paper describes air-borne radar set AN'APQ-13, modified for storm-detection work

from a static station.
Meteorological Station at New
studies has also been discussed.

Delhi described,

are

1. Introduetion

The use of radar has placed in the hands of
the meteorologist an entirely novel and new
technique for physical meteorological re-
search and local short-term weather fore-
casting. A centimetre radar can permit the
measurement of rainfall almost as accurately
as isohyetal patterus derived from micro-
network of raingauges (1948*). In addition,
it can give a pictorial representation of the
growth and movement of precipitation cells,
progressively with time. During and after
the World War IT a number of ohservations
have been made in different countries for
locating rainstorms, thunderstorms, cold
fronts ete with the help of micro-wave
radars having their operating wave-length
in the region of 8B (10 em), X (3 em) and K
(1 em) bands.

As radars were not available commercially
it was not possible to utilise them for meteoro-
logical purposes more extensive ly during the
war. Even today the cost of the equipment
is prohibitively high and observations are
being taken, wherever possible, with the
help of radars released from war surpluses.
The present paper describes the results of
ohservations made with a 3-em radar (AN/
APQ-13) obtained from surpluses.
This radar has peak power of 40 kilowatts,
beam width of 3° and frequency of 9375
megacycles (3-2 ecm). The equipment was
received in a very poor condition and con-
siderable time had to be spent to put it in
commission, As the radar was essentially
meant for installing in aircraft it was suitably
modified to be used as a static ground instal-
lation.

war

A few typieal pictures of radar echoes from monsoon rain as observed from the

The nsefulness of the equipment for precipitation

Fig. 1 shows a photograph of the rack-
assembly designed in the Meteorological
Office workshop, New Delhi. The assembly
provides easy access to all the controls on
individual units. The P. P. I. indicator is
mounted on a tilting table in front of the
rack-assembly to enable visual observation
according to individual convenience. A 35-
mm camera mount is placed over the oscil-
loscope to photograph the P. P. 1. presenta-
tions. The radar echoes appear at radial
distances from the centre and suitable
range-mark circles give the distances in mile
from the station.  Normally,
five ranges of operation for 4, 20, 50 and 100
nautical miles are used but the radar has a
range up to 200 miles for heacon-ranging
which can be introduced by a sweep-delay
control which inserts a delay up to 200 miles
in 10 mile steps.  When the rotating antenna
passes true North a line flashes on the screen
radially and gives the North-South line.
The screen is so orieuted that the top of the
circular pattern indicates the north. The
antenna system mounted on a specially de-
signed platform and kept on the roof of a
double-storey building is shown in Fig. 2
with the radome removed. During opera-
tion, the antenna can be switched on for
either continuous rotation at 20 r. p. m.
or for 45° sector scanning. The antenna is
also capable of being tilted from 10° below
to 30” above the horizon. Manual controls
are provided for clockwise or counter-clock-
wise rotation of the antenna. The power
supply of 27-5 volts D. C. is ehtained from a
petrol engine driven unit which is housed in a
suitable kiosk on the ground. The A. C.
power supply at 115 V., 400 ¢. p. s. is obtained

observing
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through a suitable inverter unit mounted on

the roof just below the wooden platform of

the antenna system.

It was just a few days before the outhrealk
of 1952 monsoon at New Delhi that the radar
was put in commission and arrangements
made to photograph the cchoes.
investigations for taking observations at
more frequent intervals of time, emploving
'IU”I P. P. 1. and R. H. ]. ]l!‘{‘.'-"nfairiuu.\ are
also being planned. More than one hundred
pictures of precipitation echoes from the
monsoon rain at New Delhi were talken: a
selection from them may be seen reproducer!
mn Fif_{s. 3 to 8.

Nvetematie

2. Radar Eguation

It was Ryde (1948} of the General
Electric Laboratories who showed theoretical-
Iy that precipitation eckoes can he received
by micro-wave radars, In the following
paragraph the prircipal features of the radar
equation are given. This takes into account
the specifications of the radar to he used,
the type of precip'tation region under ohser-
vation and the details of the space in which
the storm centre is located.,

If P, is the transmitted power and P,
the received power, the radar equation is
given by the following formula :

2 PrA26ol I8
X JRIGSE (i )

(Radar  (Precipi- (Space
Factor}  tation Tactor)
Factor)
Where,

P,=TPower transmitted

A=Aperture of the parabola

¢=DBeam width vertical

0=DBeam width horizontal

h="Pulse length

A =Wave-length

7= Reflectivity of the storm region per
unit volume

k=Attenuation factor
RE=Distence of the storm

INDIAN JOURNAL OF METEOROLOGY AND GE( 'WPHYSICS [Vol. 5 No. 2

In the radar factor in the above equation
it will be noticed that the back-scattered
received power 18 i}.\n]'qa]y }n['u!u)l'ti!l]lil' to
A%, provided the Rayleigh scattering hlilf]s,
i.e.., when 2r < \ 10.  For ohservations
of heavy rainfall where drop sizes are likely
to be large. a 10-em radar will he more use-
ful than a 3-em one.

The reflectivity g appearing in the preci-
pitation factor is a function of number of
particles per unit volume, their size distri-
bution and the radar frequency in the hack-
scattered energv. It has been shown that
the reflectivity 9 is a funetion of w®, where
# 1s the number of drops per unit volume of
average radius r, such that 2r=\/10.

In the space factor appearing at the end of
the above equation, the attenuation factor
I is dependent upon the ahsorption of electro-
magnetic energy by water vapour and oxygen
and molecular scattering by hydrometeors,
The precipitation attenuation does not he-
come large until the drop size becomes ap-
preciable compared to the wave-length of the
radar employed.

It may also be mentioned that under the
nmost favourable conditions the range of
storm-detection is not likely to be greater
than 200 miles. If 7 is height in feet of a
horizontally directed radar beam above the
surface of the earth, the range R (in miles)
is given hy the following relation, to a first
approximation—

=} R?
I R=200 miles ; = 20,000 [t.

If radar observations are heing taken of an
approaching storm we first get the echoes
from the hydrometeors in the uppermost
portions of the tallest cumulonimbus clouds
along the storm.  With the advance of the
storm we get echoes from successively lower
levels and this gives the impression that we
are getting echoes from cells higger in size
and intensity than the origiral cells observed
first.  'When the storm actually comes over
the station the distant echces may not appear
on account of appreciable rain attenuation.
This will give the appearance of solid echoes
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1050 IST (20; 5: —5°) 1052 IST (20; 5; —5°) 1055 1ST (20; 5; —5°)
Fig. 3(a)—Raining Fig. 3(b)—Overcast Fig. 3(¢)—Overcast

1115 1IST (20; 5; —5°) 1155 1ST (20, 5; —4°)
Fig. 3(d)—Overcast Fig. 3(e)—Cloudy

1157 IST (10: 5; —4°) 1243 IST (20; 5; —3°) 1312 1ST (10; 5 —47)
Fig. 3(f)—Cloudy Fig. 3(g)—Ruain just started Fig. 3(h)—Rain just stopped

Fig. 3. 7 August 1952
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0935 IST 50: 3: —47) 0955 IST (30 3, —4)

Fig. 4(a)— Ouvercast Fig. 4(b)—Drizzle Fig. 4(c)— Thunder heard

1049 IST (20: 2 1) 1143 IST t50; 5;: —=5°) 1255 IST (50: 5: 4%)
Fig. 4(d)—Drizzle Fig. 4(e)—Ovrercast Fig. 4(f)—Slight rain

1350 IST (50: 5: —5.5%) 1430 IST (50; 5: —=5.5%) 1523 1ST 20; 5; —5.5%)
. Fig. 4(g)—Ruaining Fig. 4(h)—Rain stopped Fig. 4(i)—Drizzle

Fig. 4. 8 August 1952
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as observed by us on 25 August 1952 and
shown at (c), (d) and (e) of Fig. 8.

In the following paragraphs are described
the results of observations made at New
Delhi on 7, 8, 21, 22 and 25 August 1952.
Under each picture in Figs. 3 to 8, the first
number within brackets gives the range in
miles, the second number the distance n
miles between tange markers and the third
the tilt of the aerial in degrees.

3. Obseryations of Radar Echoes from Monsoon Rain
at New Delhi during August 1952

7-8-1952

The radar set was switched on at 1050 18T
after seeing large cumulus and cumulo-
nimbus clouds towards NE. The sky was
then generally overcast. Several pictures
were taken in succession as shown in Fig. 3.
The most predominant precipitation echoes
were seen towards NE. At the same time a
large number of faint echoes could also be
seen towards SE in the subsequent photo-
graphs taken at 1052, 1055 and 1115 IST.

By about 1155 IST the main patch of
precipitation to NE completely dissipated
and a large conglomeration of precipitation
cells appeared in the south and southeasterly
directions extending up to a distance of about
16 miles. These cells can be seen  quite
clearly in the next picture taken at 1157 IST
with a range of 10 miles. Although the sky
remained overcast, it did not start raining at
the station, This is evident from the radar
pictures taken at 1155 and 1157 IST n
which no precipitation cell is directly over
the station although they have come very
near it. It started raining at the station at
1243 IST and stopped at 1312 IST. The last
two pictures of the day were taken at the
time of starting and stopping of the rain
over the station. From the chart of the self-
recording raingauge at the Meteorological
Office at Safdarjung airport it was seen that
0-33" of rain was recorded there during the
above period.

The surface wind was easterly throughout
the period and the upper winds were reported
to be southwesterly from 2000 to 17,000 ft
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as revealed by the pilot-balloon observa-
tions. The cells towards SE (e and f, Fig. 3)
appear to have developed a little Jater in-
dependent of the cells noticed at 1050 IST
at a distance of about 8 miles towards NE.

The prominent precipitation cells at 1312
[ST, almost to the north of the station, at a
distance of about 5 miles, appear to be of the
same group which was located southeast of
the station at 1157 IST. It will also be
observed that the isolated cell in the west-
southwest direction at 1155 IST moved a
few miles towards the station and could be
clearly seen even at 1312 IST.

On this day, although Safdarjung reported
0-40" of rain, the total rain at Palam was only
0:20”. Palam is at a distance of 6} miles
from the Meteorological Office, Lodi Road,
in the direction 256° from the true North
with respect to the station. It will be seen
from the radar pictures that the concentra-
tion of precipitation cells in the direction of
Palam is also less, which is probably an
indication of the fact that there was less
amount of rain in that region.

8-8-1952

On this day, at 0935 IST, the sky was
completely overcast, distant cumulonimbus
clouds could be seen in the NW direction and
large cloud patches were also seen towards
northnortheast, south and southwest direc-
tions and rain was expected at any moment,.
The first picture shown at Fig. 4(a) was taken
at this time with a range of 50 miles, The
location of precipitation echoes by the radar
conforms to deseription of observed cloud
distribution. From 0935 IST to about 0955
IST the nature of various precipitation echoes
remained the same as seen from Figs. 4 (a) and
(b). A slight drizzle started at the station
at 0955 IST. After about an hour thunder
was also heard several times over the station
and there was occasional drizzle. The radar

picture taken at 1048 IST showed a large
number of precipitation echoes, but there
was a clear area to the southwest of the sta-
tion. No rain was recorded by the self-
recording raingauge at Safdarjung at this
A closer view of the precipitation

time.
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echoes at this time can be seen in Fig. 4(d)
which shows distinetly the clear areas.

In the radar picture taken at 1143 IST—
Fig. 4(e)—the precipitation cells appear to
have come closer to the station and re-aligned
themselves. It is possitle to see some faint
echoes up to a distance of 38 miles in the
southeasterly direction. The raingauge at
Safdarjung recorded 0-02" of rain from 1200
to 1212 IST. At the Meteorological Obser-
vatorv, Lodi Road, New Delhi slicht rain
started at about 1250 IST and continued up
to 1258 IST.

The next picture was taken at 1350 IST
while it was raining over the station, a second
time during the day. At the Observatory,
Lodi Road, it started raining at 1345 IST
and continued up to 1425 IST and Safdarjung
airport (6 furlongs from Meteorological
Office, Lodi Road) recorded 0-08”" of rain
during the period. A few precipitation cells
can be seen in the direction of Safdarjung
airport and also at the Observatory. Lodi
Road, in the radar picture at Fig. 4(y). The
precipitation cells appear to have aligned
themselves from east to west extending up
to 15 or 20 miles on either side of the station.
The upper winds as obtained from pilot-
balloon observations at 1516 IST were almost
westerly from 1000 to 12,000 ft.

The next two pictures were taken at 1430
and 1523 IST when the sky was still over-

cast. Only at 1523 IST there was slight
drizzle. Safdarjung airport recorded 0-04"

of rain between 1510 and 1615 IST.
21-8-1952

It was raining practically throughout the
night of 20-21 August 1952, but the radar
was switclied on only at 1010 IST on 21
August 1952, From midnight to about 0915
IST Safdarjung Observatory recorded 1-14”
of rain. At 1010 IST when the first picture—
Fig. 5(a)—was taken there was rain at the
station. Four more pictures were taken at
1020, 1022, 1040 and 1106 IST.  Throughout
this period the sky at the station was overcast
and there was occasional rain. Safdarjung
Observatory recorded 0-11"7 of rain from
1050 to 1130 IST. It will be seen that in the

INDIAN JOURNAL OF METEOROLOGY AND GEOPHYSICS

[Vol. 5 No. 2

first three pictures—Figs. 5(a), (b) and (e)—
there was practically no precipitation cell in
the direction of Safdarjung airport. At 1040
IST a slight appearance of precipitation cells
in that direction could be noticed. In the
fifth radar picture at (¢) taken at 1106 IST,
it can be seen that the raining area is over the
radar site as well as Safdarjung airport. The
location of precipitation cells in the pictures
taken at 1040 and 1106 IST support the data
of rainfall as recorded by the raingauge at
Safdarjung Observatory. After the rain had
stopped at 1220 IST at the station another
picture was taken at 1245 IST to see the
location of precipitation areas. It can he
seen from the picture (g) of Fig. 5 that preci-
pitation cells are about 5 miles from the
station and can be seen in south, southeast
and westnorthwest directions.

It started raining at the station again at
1414 IST. The radar picture (k) of Fig. 5
was taken at this time. Safdarjung Obser-
vatory recorded 0-03” of rain from 1405 to
1415 IST.  The picture (%) shows an elongat-
ed type precipitation echo extending up to
2% miles northeast of the station. There was
another echo at a distance of about 7 miles in
the eastsontheast direction. A closer view
of this elongated echo can be seen in Fig. 5(¢)
with a range of 4 miles. The afternoon
pilot-balloon observations showed the upper
winds to be southwesterly to southerly from
1000 to 12,000 feet.

22-8-1952

The sky was partly cloudy and clouds were
gathering when the radar was started at 1246
IST. The radar picture at this time—
Fig. 6(a) — revealed the presence of well-
defined precipitation echoes in the southwest
direction at a distance of about 5 miles.
After about 47 minutes the sky became com-
pletely overcast and rain was noticed towards
the south. The photograph at (b) taken at
this time showed the presence of precipitation
echoes in  the southerly direction. The
picture was taken with a range of four miles
to get a closer view of the echoes. A few
minutes later slight rain fell at the station at
1345 IST and another photograph was taken
at this time with a range of 4 miles. The
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1010 IST (10 5: 5%) 1020 IST (10; 5, —3°) 1022 IST (10; 5; —5H°)
Fig. H(a)- Occasional rain  Fig. 3(b)—Occasional ram  Fig. 5(¢)—Occasional rain

1040 IST (10; 5. —5") 1106 IST (10; 1, —4°) 1240 IST (20; 5; —4°)
Fig. 5(d)—Occasional rain Fig. 5(e)— Raining Fig. 5(f)—Overcast

1245 IST (10; 5; —4°) 1414 IST (10; 5: —4°) 1420 IST (4; 5; 4°)
Fig. 5(g)— Overcast Fig. 5(h)—Raining Fig. 5(i)—Ruain stopped

Fig. 5. 21 August 1952
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1246 IST (10; 5: —5°) 1333 IST 4: 1; —4°)
Fig. 6(a)—Cloudy Fig. 6(b)—Ovrercas:

1352 IST (20; 5; —4°) 1401 IST (20; 5; —4°) 1445 IST (20; 5; —7°)
Fig. 6(d)—Drizzle Fig. 6(e)—Slight rain Fig. 6(f)— Rain stopped

1447 IST (10; 5; —7°) 1448 IST (10; 5; +0°) 1500 IST (20; 5; —5°) |
Fig. 6(g)—Owvercast Fig. 6(h)—Overcast Fig. 6(i)—Overcast

Fig. 6. 22 August 1952
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1138 IST (20; 5 —5°) 1140 IST (10; 5; —5°)
Fig. T(a)—Quvercast Fig. 7(b)—Quvercast

1142 IST (4; 1; —5°) 1154 IST (20; 5; —5°)
Fig. 7(¢)—OQvercast Fig. 7(d)—OQvercast

1204 IST (50; 5; —5°) 1206 IST (20; 5; —5°)
Fig. 7(e)— Drizzle Fig. T(f)—Owvercast

Fig. 7. 25 August 1952




18¢  INDIAN JOURNAL OF METEOROLOGY AND GEOPHYSICS [ Vol 5 Nu o

1208 1sT (10: 5: =1 1217 IST 20: 5: —5

Fig. 8(a)—Ouvercast Fig. 8(b)—Hvary rair Fig. 8(c)—H

IST

la > T

Fig. 8(d)—Heary rain

1237 IST (4: 1: 27) 1250 IST (20: 5 57)

Fig. 8(e)—Heavy rain Fig. 8(f)—Raining Fig. 8(g)— Overcast

Fig. 8. 25 August 1952
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raingauge located at Safdarjung recorded
0-14” of rain between 1350 to 1415 IST.

Two subsequent pictures (d) and (e) of
Fig. 6 taken at 1352 and 1401 IST showed the
presence of faint precipitation echoes in the
northeast and southwest directions. At
1352 these cells were at distances of 11 and 16
miles respectively from the station. These
moved towards the station and covered a
distance of about a mile within 9 minutes.
The precipitation cells over the station con-
tinued to stay on until 1445 IST. In the
radar picture taken at this time it appears
that both sets of cells reported above towards
NE and SW have come closer to the station.
The cell which produced rain probably moved
northwards as shown in Fig. 6(g) at 1447 IST

There is, however, an interesting picture
taken a minute later, 7.e., at 1448 IST.
In this picture the elevation angle of the radar
antenna was raised by about 7°. The echo
pattern from the cell to the north of the
station was the same as in the earlier picture
with lower elevation. The echo from the
cell to the S8W of the station became fainter
and its top was calculated to he at a height of
5000 ft approximately. The last picture of
the day was taken at 1500 IST when it stopped
1';1inin;l,f and occasionally sunshine was seen at
the station. In this picture no more precipi-
tation cells can he seen over the station al-
though there are n few at distances of b to 15
miles.

25-8-1952

On this day the sky was completely over-
cast by 1138 IS8T and a few drops of rain
started falling at the station. Distant rain
was also visible. Tig. 7(a) shows a large
conglomeration of precipitation cells over
{le station within a circle of 3 miles. In
spite of the large patch of the echo over the
station there was no appreciable rain either
at the station or Safdarjung airport. It
appears that the precipitation did not reach
the ground. In the picture at () a few

precipitation cells could be seen in the norther-
ly direction up to a distance of 10 miles and
in the easterly direction up to 12 miles. The
two subsequent pictures—Figs. 7 (b) and (c)
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taken at 1140 and 1142 IST with ranges of
10 and 4 miles respectively give a closer
view of these echoes.

Another picture with a range of 20 miles
was taken at 1154 IST when the sky was com-
pletely overcast, but ne rain was falling at
the station. At this time the precipitation
cells seem to have aligned themselves along
N-S direction. The precipitation cells
reported at a distance of 12 miles to the
east of the station at 1138 IST decreased in
intensity by 1154 IST when the picture at
(d) was taken, At 1204 IST the situation
changed again and the sky became com-
pletely overcast and a few drops of rain fell
over the station. The radar picture at (e)
shows a large echo at the station and a few
scattered echoes in the easterly direction up
to a distance of 25 miles. A closer view of
the echoes at this time can be seen in Fig.
7 (f) ard Fig. 8 (a) with ranges of 20 and 10
miles respectively. In the picture at (a)
the elevation angle was raised by 18° and yet
a prominent echo could be photographed
over the station, showing thereby that the
precipitation cell was of considerable thickness
extending beyond 5000 ft. Some of the small
cells also appeared to possess large depth as
one such cell can be seen in the southerly
direction at a distance of about 23 miles
from the station, i

With these thick precipitation cells over
the station it started raining at 1215 IST.
The elevation of the radar antenna was
restored to its normal position and the range
was set to 20 miles, and another photograph
was taken at 1217 IST (Fig. 8b). Three
subsequent pictures—(c), (d) and (e) of Fig.
8 —at 1233, 1235 and 1247 IST were taken
when it was raining heavily over the station.
The pictures show an area of uniform pre-
cipitation, about two miles in diameter,
persisting over the station. From theso
pictures it can be seen that the precipitation
echoes beyond this area could not be located
by the radar on account of the radio-energy
suffering considerable attenuation in passing
through this thick layer. Safdarjung air-
port recorded 0-28" of rain from 1225 to
12565 IST.
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The next pieture—Fig. 8(f)
1250 IST when the rain becams )
With the decreased intensity of rain over
the station s011e ].|'|-\-:[|il:qri|.“w|i\.u‘_ia| lh¢
located in the northeast direction at
miles, At this time the rail
patch over the station developed into a well-
defined cellular structure.

*Tllzllli'lz at 1

tance of 15

The rain actually
300 IST over i}:---—T;zTi-u!i‘ An-
1323

this i

other picture was taken at IST a
the rain had stopped. In ture—
Fig. 8(g)—a large number of isolated precipi-
tation seen 1 the

sector up {0 a ‘li*h’!l\l'l' of IS8 '[:jlg S,

cells can he northerly

4. Conclusions

From the prelimimary observations made
at New Delhi. it is evident that it is possihle
to study micro-distribution of rainfall over a
particular region with radar AN APQ-13,
For a quantitative study it is necessary to
have a o
stations around Delhi within a radius of 50
miles. It will then he
isohvetal lines and check their distributio
by comparing them with P. P. 1. pictures as
obtained from the radar.

very close net-work of

]m“ihh to draw

From the nature of precipitation as oh-
served by the radar it is clear that during the
monsoon, even over an area of 50 miles
radius, there can be frequent occasions when
it 1s raining in one part and not in the others,
[I \\'i“ Ill‘lll Tl\l‘ lI]I‘Tl_II?'III(J;]\] |'|.|p~4E||4_ y;;].\.\'
if he has at his disposal one J3-cm or 10-cm
to enable him to short-range

} .
raagar Issue

local forecasts and early warnings.

With radars employing 3-em wavelengt
during
ossible to obiain

there 18 consuderable  attenuation
heavy rain and 1t 1s not |
echoes hevond a radius of 5 miles or 0. In
order that the rain attenuation can be mini
mised i1t is desirable to have a longer wave-
length, say with an operating wave-length
of 6 em.
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