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A preliminary study of ‘Angel’ activity near Bombay
D. B. RAI
Meteovological Office, Sanlacruz
(Reccived 22 November 1958)

ABSTRACT. During the period March-May 1958 some radar angels were observed on the PPT display of
weather radar based at Bombay. These echoes cannot possibly be attributed to the generally accepted type IIL

angel source, viz.,reflection of radar waves from ground wia atmospheric layer or inhomogeneity.

It is

suggested that theseare angels caused by direct partialreflection froma horizontally stratified layer containing

shear-gravity waves.
1. Introduetion

The reflection of radio waves from stratifi-
cations in the troposphere had been envisaged
as early as in the thirties. With the develop-
ment of centimetre radars, therefore, when
echoes were teceived from regions in the
atmosphere where no known scattering
sources eXisted, they were naturally attri-
buted to some tropospheric phenomena, and
were commonly termed as ‘ghosts’, ‘angels’,
‘pixies’ etc. The term ‘angel’ has, however,
come to stay, at least in meteorological circles
and during recent years a sufficiently large
number of angel activities have been reported.
The observed features of these angels vary
considerably and the cases observed so far
have heen classified into three different types
(Plank 1956).

It has been proposed by Plank that angels
observed on PPI display at near horizontal
incidence (type 11T angels) are the results of
outgoing radar waves being reflected or
refracted from an atmospheric layer or
inhomogeneity to the ground and then
reflected back to the receiver via the reciprocal
path. During the period March-May 1958 a
number of anomalous echoes were observed
on the PPI display of the weather radar
based at Santacruz airport (Bombay). These
echoes cannot possibly be explained on the
above mentioned reasoning, Some of these
angel observations are presented here and
discussed in relation to the prevailing
meteorological conditions,

2. Radar characteristics

The radar set utilized for these observations
is Decca storm warning radar (Type 41)
operating in the frequency band 9320-9500
megacycles, with a pulse width of 0:2us or
2-0ps (The observations to be described here
were all taken with the set operating with
2:0 ps pulses). The peak poweris 20 KW and
the beam width to half power points is -75°
in the horizontal and 4° in the vertical, The
pulse repetition frequency is 250 pulses per
second. The set is equipped only with PPI
display and the aerial is capable of being
tilted from two degrees below the horizontal
to twelve degrees above. The geographical
location of the radar is such that the coast
line is only about 2 miles away running
roughly north to south. Fig. 1 gives the
permanent gronnd echoes within fifty miles
of the station. ’

The weather radar was installed at Santa-
cruz towards the end of March 1958 and was
operated on full time basis only from April.
The angel observations on 22 and 27 March
1958 were obtained in course of initial per-
formance check of the inetrument and do not
exclude the possibility of angel activity on the
rest few days of the month. From April
onwards, however, the observations were
taken regularly. Due to the initial adjustment
difficulties, it could not be possible to photo-
graph the scope during all operation nor all
the photographs that were taken came out
satisfactorily. Only a few of the photographs
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here.
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On 22 March 1958 the echoes first app-
eared at 1800 IST as a group of faint dots
in the northwest sector and quickly deve-
loped into a thick bright cluster and gra-
dually shifted southwards. Fig. 2 gives two
photographs of these echoes taken at 1815
and 1830 IST. At 1815 IST the echoes werza
extending from northwest to west, though
some faint echoes had started appearing
in southwest also. The central portion was
tha most prominent and ths waviness could
be clearly seen. The solid appearance of
this portion is partly due to observations
heing taken at 100 n, miles range. At 1830
IST the echoes had startad weakening, hut
more prominent part was to be found to
westsouthwast. A slightly different nature
of thess echoes is shown in Fig. 3, the
photographs having been taken at 1730
and 1740 IST on 15 April 1958, In
this case also the echoes first appeared as
clear dots and quickly thickened to form
the zigzag cluster., The intensity was ma-
ximum at 1730 IST. The echoes weakened
and disappeared without any appreciable
movement., The weakening of the cchoes
can bhe seen even at 1740 IST. Fig. 4
shows another instance of the echoes. The
echioes appeared at 1800 IST on 6 April
1958 at a range of 18—20 n. miles and
gradually moved westwards, In the pho-
tograph taken at 1825 IST these echoes can
be seen to the west just moving out of
the scope at 25 n. miles range. Another
wavy structure on these echoes is shown in
Fig. 5, the photograph heing taken at about
1630 IST on 27 March 1958,

4, Weather at the time of observation

The weather was fine with either clear
skies or with negligible amount of high
clouds on all the days of angel observations
except on 22 March 1958. At the time
of observation on this day the sky was
nearly overcast with altocumulus with a
few patches of high stratocumulus. Winds

over Bombay were on most of the davs
northerly upto 3000 ft. Wind, temperature
and dew-point profiles as observed

over
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Bombay nearest to the period of observa-
tions for some of the cases are given in
Fig. 6. It may be mentioned here that the
information contained in these diagrams by
no mears characterises the small scale fen-
tures of the atmosphere that affect radio
propagation and they are meant to give
only a broad indication of the conditions
prevailing.  However, it may not be unrea-
sonable to assume that the upper air tem-
perature and humidity conditions 25--30
miles west of Bombay would be the same
as represented by the soundings at Bombay.

5. Discussion

The angels described above have heen
observed mostly at an aerial tilt of 1° and
at a range of 20—25 n. miles to the west.
To the west of the radar site there is a vast
streteh of Arabian Sea and, therefore, these
echoes cannot be identified with the type
IIT angels as classified by Plank.  The
changing shape and position of the echoes
rule out any possibility of super-refraction
effects, Obszervations apart, with a nominal
peak power of 20 KW, it is difficult to vi-
sualise (however efficient a duct be) the
return of minimum detectable signals from
distances of the order of 1000 miles, The
echoes, therefore, are most likely to be
associated with some atmospheric pheno-
menon.  Earlier studies  (Plank 1956,
Chmela and Armstrong 1955, Harper et al.
1957) have shown that day time angel
activity is associated with convective
regions, where convective bubbles (Scorer

and Ludlam 1953) provide the reflecting
source,  An examination of radiosonde

observations on those days showed that
the echoes occurred in association with
high temperatures. On most of the days,
there was shallow inversion at 100—400
metres with super adiabatic or adiabatic
lapse rate below, Therefore, the possibility
of these echoes being produced by convec-
tive regions is also ruled out even if one
ignored the slow moving or stationary nature
of the echoes.

It is suggested, therefore, that the echoes
are caused by direct partial reflections from
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TABLE 2

Wavelength Temperature
(2 difference

(I—T)

22 Mar 1958 4 n. miles

15 Apr 19358 3 n. miles

a horizontally stratified laver with appro-
pl‘iilh' refractive gradient: the primary cau-
sative source of the refractive gradient heing
the variation in specific Twmiditv.  This
type of layer is known to give type IT angels
at vertical ineidence and ‘glint” reflections
at near horizontal incidence. If one pos-
tulates the existence of shear-gravity waves
in the layer, a portion of the radar heam
incident on the part of the wave having a
curvature towards the radar site, will he
reflected hack. At a range just hevond the
geometrical  horizon, the portion of the
wave concave or convex towards raceiver
being maximum, the echoes will he more
pronounced. This may partly explain  the
occurrence of the echoes more frequently
at ranges 20—25 n. miles,

The pattern of the echoes would normally
approximate to the wave form itself and,
therefore, a qualitative idea of the wave-
length of the shear-gravity waves can he
obtained from the photographs in Figs, 2
and 3. The wavelength thus  computed
along with the temperature differences
ohserved for the two cases are given in
Table 2. For the order of temperature di-
fference and wind shear present. the wave-
lengths are much ahove the minimum for
stable oceurrence.

The veloeity of a shear gravity wave s
given by the expression (Haurwitz 1941)-

o U+, \/@ e—p _ e (U—U"
e +p 2n ¢’ (p+o)?

where C is the wave velocity. p the
density, U the velocity of the undisturbed

flow and N\ the wavelenctl., The primes

refer to the upper fluid. From Fig. 6 it can
be seen that wind shear in hoth the cases
is small and since we are interested only in
the order of magnitude we may put U a U”.

C=Uxy\ /P e—F

p+¢

OO —T \/‘Tf j;’

assuming gy’

Withx =
U =10 kt/hr

miles, 7"—1T

1 n. 290" and

(‘! =5 10 m.p.s,

In this case (22 Mareh 1958) the echoes
were observed to move southwards and the
upper has to be taken. Therefore
('=15nup.s, or 27 knots, which is quite con-
sistent with the observed movement of the

s1gn

echoes as far as order of magnitude is con-
l‘r-l‘])wl,

Withxa=3 n.
U = 10 kt/hr

miles, 7" — 7 =1°C and

C="544mp.s

Since the cchoes were changing shape
and weakening rapidly  on 15 April 1958
even if we take the upper sign, a veloeity of
this order could not possibly be detected
over a small period of observationand the
echoes,  therefore, showed no appreciable
movement,

The expression for the wave velocity used
above is derived on the assumption that the
fluid lavers on both sides of the disconti-
nuity arve infinitely deep. This is obviously
not true in case of low level inversions. For
deriving the expression for O, therefore,
at least one boundary condition, wiz., w=0
at z = —h (where } is the height at which
inversion starts) has to be applied.  In these
however, the result would not he
affected as far as the order of magnitude is
concerned, although the velocities obtained
would be smaller.

cases,
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Fig. 1. Permanent echoes within 50 n. miles range
Ranee maoker interval 10 n, miles, aerial tilt zevo degree
.
. -~
1315 IST 1830 IST
Ruange marker inteeval 20 n, miles Range murker interval 10 n, miles

Fiz. 2. Photographs of PPI scope showing angels on 22 March 1958




1730 IST

Fig. 3. Photographs of PPI scope showing angels on 15 April 1958

1825 IST
Fie. 5. Photograph of PPI scope showing angels
on 27 March 1958

Ranwe niatker inter 1. mile

Fig. 4. Photograph of PPI scope showing angels
on 6 April 1958

" T
Ranee marker interval 5o, mil

(Cronn of eehoes to the southwest is from known ohjects)
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Fig, 6. Wind, temperature and dewpoint profiles

The condition favourable for the occur-
rence of these echoes, therefore, appears
to be the existence of a low level inversion
with proper specific humidity gradient.
Although on two occasions of these angel
observations no such inversion could be
noticed it is quite likely that such inversion
developed after the time of observation or

on a scale not detected by the conventional
radiosonde equipment,

Another observed feature which needs
explanation is the preference for the area

and time of occurrence. As regards time,
the preference can be explained on the
grounds that the temperature being higher,
conditions in the late afternoon are more
favourable for building up of proper refrac-
tive gradient. The absence of the echoes
from the east may be accounted for by the
topographic features, To the eastern side

of the station, there are extensive hill ranges

starting at 2 to 5 miles, the heights of the

nearer hills reaching upto 1000 ft. To the
southeast in particular, there is a hill range

1002 ft high covering a considerable sector.
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It is quite probahle, therefore, that the
radar beam being intercepted by the hills,
the atmospheric layers which mayv provide
sources for angels in these areas are
tHluminated at all.

not

The angel observations reported  liere
were obtained during routine operation of
weather radar, rather as a hiv-produet and

B.

RAI

not as a result of any planned research pro-
gramme.  The absence of RHI display was
a handicap in making a detailed study of
these schoes, The suggestion as to the nri.uin
of these more less tentative
bur in light of more observations in

echoes is
the
future. it is hoped to put forward a satis-
Factory explanation of the manner in which
roflections from the
lated,

ofeur SOUTCes ]}H.\'l'll-
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