A study of winds upto 32 km over Hyderabad Deccan
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ABSTRACT. Rawin observations of eleven high altitnde ascents at Hyderabad Decean (Indin) during the
months of February to March 1960 and April to May 1959 have been analysed. An abrupt change in direction of
winds at an altitude of about 19 km during summer months, depth of westerlies and easterlies and the occurrence
of two maxima and at least one minima of velocities and the relationship between their altitudes have been described,
Also, vector average winds throughout the observed channel of atmosphere (0—32 km) and their relationship with
the maxima have been determined and described, It was also found that the upper winds were quite steady. The
steadiness factor has been calculated for each altitude for the month of March 1960,

1. Introduction

During the years 1959 and 1960, several high
altitude wind observations were made at Hydera-
bad Deccan (Lat. 17°.5 N, Long. 78°.5E) in connec-
tion with measurements on cosmic rays. An ultra-
high frequency transmitter was attached with
plastic balloons and was followed by means of
radio theodolite ground equipment. Observations
of these balloons were made by optical theodolites
also. Azimuth and elevation angles were read
every minute and altitudes with respect to time
were determined by trigonometrical methods based
on simultaneous observations from two stations.
These balloons reached an altitude of about 30 km
in about 90 minutes and then floated for a few
hours at that level, when a cut off mechanism
detached the load line which descended steadily
with the help of a parachute. The average value of
rate of ascent was about 17 km/hr upto 12 km alti-
tude and about 27 km/br in 12-32 kilometres region.
All balloons were released between 0200 and 0300
GMT from Osmania University grounds (543 metres
above m.s.l.). .

Analysis of these high level soundings revealed
the following interesting features of the winds at
higher altitudes.

2. Change in direction from westerly to easterly at an altitude
of about 19 km

Tropospheric westerlies above the surface trades
became easterlies in the lower stratosphere during
March, April and May. This reversal of direction
was effected in  a narrow zone of about 2-km
thickness. The reversal was guite abrupt in most
of the flights and took place throngh both north
and south. In Fig. 1, wind arrows have been
plotted, showing the speed and direction of winds
at an interval of altitude of 1 km for all the eleven
flights. Thick lines in Fig. 1 represent boundaries
of a narrow region of very light and variable winds,
where the change in direction takes place, Actual

thickness of the regicn of transition and also the
depth of westerlies and easterlies and the position
of the altitude of maximum westerly and maxi-
mum easterly in their respective channels have
been given in Table 1.

The thickness of the region of transition during
the month of March is on an average, only 15
km; on rest of the days it is 2 lem except on 17 April
when it is abnormally high, 7 km.

Altitude of this reversal and so the depth of
westerlies is very high in February, 27-28 km,
as compared to the one in later months. In March
and upto middle of April, the average of this
altitude is 18 km while in later period it is about
15 km. Thus, a decreasing trend in the altitude
of change over is evident as the summer advances
and ground temperatures rise.

Wexler (1951) first noted such reversal of winds
after observing spectacularly the spread of volcanic
dust from the explosion of Krakatoa (6°S, 105°E)
on 27 August 1883. He found the smoke moving
from east to west at an altitude of about 19 Jan,
These easterlies, since then, have acquired the
name ‘Krakatoa Winds'. It has been observed
quite regularly by radio as well as optical theodolite
methods that balloons reaching 100-mb level
turn westward and increase in speed. Ockendon
(1939) observed similar well marked discontinuity
between the lower strong westerly current and
an upper light easterly current between 70,000
and 80,000 ft in high altitude pilot balloon
observations, which were made at Habbaniva
(Iraq) during April-May 1939. Scrase (1919)
and Brasefield (1950) described such reversal after
a calm region between 15 and 20 km during summer
months, 1 April to 1 September. Colon (1951)
also observed similar reversal of direction during
the year 1948 in several special high altitude wind
observations over Puerto Rico. The pronounced
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Fig. 1. Wind speed and direction from 29 February to 28 March 1960
and 17 April to 3 May 1959

easterly flow, according to Brasefield (1950) com-
menced about three weeks after the vernal equinox
and ceased about three weeks before the autumnal
equinox. Whipple (1935), describing monsoon
wind theory from the anomalous propagation of
sound explosions, deduced such reversal of winds
at high levels at the end of March. In the present
observations, marked reversal has taken place
at the beginning of March, although on 29 Feb-
En.ary, the westerlies prevailed right up to 27

This reversal of divection, a characteristic
phenomenon of the stratosphere winds, may,
probably, be due to the fact that the lower layers
of stratosphere are colder over the equator and
warmer over poles (unlike surface of the earth
where equatorial region is the hottest and the polar
region coldest). Due to this reversal of hot and

R. G. GUPTA

cold regions (Sheppard 1949), the planetary
winds system in the stratosphere may be reverse
to that at the surface of the earth. According to
this view, we may again get upper westerlies at
some higher altitudes over the tropical regions.
Flights of 17 and 22 April and 3 May 1959 indicate
the beginning of upper westerlies over the top of
stratospheric easterlies at an altitude of 28, 32
and 27 lom respectively, the depth of this region
of transition being 1 km in all these three ascents.
Also, such reversal of winds is consistent with the
existence of an anti-cyclonic stratospheric circum-
polar vortex —- Brasefield (1950).

The depth of easterlies channel could be deter-
mined only in three flights of 17 and 22 April
and 3 May when the casterlies have disappeared
at an average altitude of 28 km followed by another
calm region of 1-km thickness containing variable
winds, This second calm zone was topped by
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TABLE 1
Altitudes (km) and depths (km) of westerlies and sasterlies
20 Feb 3 Mar 12 Mar 14 Mar 19 Mar 24 Mar 29Mar 17 Apr 22 Apr 26 Apr 3 May Ave-
1960 1960 1960 1960 1960 1960 1960 1959 1959 1959 1959 rage
1, Altitude where west-
erly appears 2 2 2 2 2 2 2 2 2 2 2 2
2. Altitude where west-
erly becomes
maximum 6 9 12 12 12 9 12 10 11 12 i 11
3. Altitude where west-
erly disappears 27 21 17 16 19 18 16 14 17 14 15 18
4. Altitude where east-
erly appears 28 22 19 17 21 19 18 21 19 16 17 20
5. Altitude where east-
erly becomes
maximum — 31 27 27 26 28 27 24 25 24 22 26
6. Altitude where east-
erly disappears — —_ - -— — —_ —_— 27 31 —— 27 28
7. Altitude where
second westerly
appears —_ - — — — — — 28 32 - 28 29
8. Depth of westerly
up to westerly
maximum (2—1) 4 7 10 10 10 7 10 8 9 10 8 8
9. Total Depth of west-
erly (3—1) 25 19 16 14 17 16 13 12 15 12 13 18
10. Depth of first region
of transition (4—3) 1 1 2 1 2 1 3 7 2 2 2 2
11. Depth of -easterly
up to easterly
maximum (5—4) — 9 8 10 5 9 9 3 0 8 5 7
12. Total depth of east-
erly (6—4) _ = — — - - - ] 12 — 10 —
13. Depth of second
n of transi-
tion (7—6) — = — = = == = 1 1 —_ 1 1

light westerlies (Fig. 2). On the other flight
days, easterlies did not disappear completely till
the balloon could reach the highest altitude. From
Table 1, it is apparent that the westerly maximum
and the easterly maximum lie in the middle of
their respective channels. Average depth of
westerly channel upto westerlies maximum is
about 8 km (total average depth being 16 km),
while depth of easterly channel upto -easterly
maximum is about 7 km. Total average depth of
easterlies could not be determined due to lack
of data. But as evident from flights of 17
and 22 April and 3 May, the total depth of easterlies

double the depth up to easterly maximum.
The average easterly depth can thus be assumed
to be 14 km (double the average depth up to
easterly maximum). The total depth of westerly
and easterly channels seems, therefore, to be nearly
the same. Depth of easterlies given by Colon
(1951) was about 7 km only. But Johnson (1946)
and Scrase (1949) showed easterly components to

be present upto 30 km during summer months.
Brasefield’s (1950) strong easterlies prevailed
up to as high as 36 km. However, apart from the
few observations, the upper limit of Krakatoa
currents have not yet been definitely delineated.

8. Maxima and Minima of winds

In all the flights (Fig. 2) there were found two
maxima and at least one minimum of wind velo-
cities. The first maximum velocity occurred at
an altitude of about 11 km in the westerlies of
the upper troposphere. Then at an altitude
of about 18-19 km, velocity became minimum
and the direction variable. After this the easterly
direction was well established (except on 29
February 1960) and the winds approached a
maximum value at about 26 km (Table 1), after
which their velocity began to decrease. This
second maxima at 26 km was quite conspicuous
and, on 29 March 1960, exceeded even the first
maxima of lower altitudes. The first maximum
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Fig, 2. Easterly — Westerly components ‘in kt!
r& altitude in km

is a well studied phenomenon in ‘
and is referred to as “Jet stream’. The mean leve]
of this maximum is very mueh near to the mean
position of the jer stream over all latitudes (Davis
1951). Krishna Rao (1952) found these jets to
be easterly between 5°N and 137N at 16-18 km
in swmmer, Davies (1952) also found  easterly
winds (greater than 45 knots) between 12 and
15 km on many occasions during Jannary 1948

meteoraloey

and November 1951 at Namrohi (Fast  Africa).
But the present study for Hyderabad (whicl

lies at 17 -dN) shows these jets to he  westerly
in all the eleven observations extendine from 29
February to 29 March 1960 and from 17 April
ta 3 .\[;1_\‘ 14954,

The other maximum at higher altitude has not
been  ohserved or deserihed to any great extent
due to lack of such high altitude observations
There have heen no observations, particularly,
over and near aboutr the meteorolovical t‘f]]l.‘i(';ll'
in India. In the present stodyv, easterly winds
appear at about 19 ki, increase in .\'.rr'n-n;_rrh.
reach & maximum value at abour 26 km (Table 1)
and then, ]Ivﬂih to slow down and come to almost
a calm value in some of the ascents. Thereaftoer.
the direction again changes from casterlv  to
westerly. Tables given by Ockenden (1939)

v
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also indicated such maxnma ot the same  alritude
Winds, i his
per Lour at an
average altitude of 26 km hecan deereasing and
While ratio of first
maxinum velocity o second maxmuam \'--hn'il_\'
lies between 1 and 2 (Table 2). Ockenden’s ratio
hizh and 6). Gutenbere
{1916) showed the wind veloeiry to be continnously

as shown bv the j'l‘-"i"ll' study.

case, after reaching 20-25 miles

approaching a ealm region

Wis oo (Ilr'f\\'w'u 4
inereasing up to 60 km (from 20 km o onward).
Iis data had been estimated 1
tions of noctilnesnt clouds, smoke from meteors

biv nsine  obis rva-
i day time and sparks from meteors at night.
The present dara differed from Gatenbere’s height
veloctv eurve inoas much as the wind  veloeity
did ot rise conrinnous]y hut reached amaximum

and, then, ]-v--_r;m decreasing m nost of the ascents,

In Table 2,
ponent to the mean westerly component i the

ratios of maxinnn westerlv con-

H'n[!lb\i]illc'!'ﬁ' “‘1'?4"']"!"“\ ,I‘II‘I a ﬂ'llif;i!' !';I'j” |.!l!'
stratospheric  easterlies have  heen found  our.
In an carlier commuuication by Kulshrestha and
Gupta  (1961), relationship between  maximum
wind veloeity and the sealar mean was deseribed.
The ratio between the two for westerlies eliannel
varied from 1:6 to 2-9, the average ratio hoing
2.3, while for easterlies it varied between 1-3 to
240, average being 1-9, Here, nnf_\' east and woest
components have been considered, as these are
e uu]‘\' prominent  and  steady  components
throughout the channel of observations. In this
case, the ratio comes out to be the same (1:9)
in westerlies, as well as easterlies: while for total
sealar speed it was greater (2-3) for westerlies
than for easterhes (1 -9). This proves that caster-
lies have very little of northerly and southerly
components, while westerlies do have northorly
and southerly components.

Table 3 gives, datawise, the average scalar
winds and average east and north components
throughout the observed channel (0 32 lan)
of ;l.t‘]|]('l~‘u])ll|"]'t‘_ Column 2 shows the averaoe
scalar winds value ranging from 16 to 37 knots,
Averagce for the month of March comss ot to he
23 and for April 18, In columns 3 and 4 of this
table, avernge east and north components have
heen shown,  Exeept on 29 February when the
pasterlies did not establish till the highest altitude
reached, average easterly westerly and northerly
southerly components are very small for each
dav: averace resultant wind for March 1s 7 knots
anl for April-May 8 knotsonly.  Theratio betwoen
:u‘:tL‘ll‘ Inealn .-mel veetor nean comes out to be
of the order of 3 as shown in col 6 of Table 3.
It mav also be seen from cols 3 and | that uptu
middle of March northerly component is prominent
in the atmosphere and after that period southerly
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TABLE 2

Relationship bztween maximum and mean velocities

Westerlies

A

Maxima Mean

(knots) (knots)

(1) (3)

20-2.60
3-3-60
12.3-60
14-3-60
19-3-60
24.2-60
20-3-60
17-4-59
22450
20-4-09
3-5-59

352
173

0T
-

Average

Ratio
wesl, max.

west, mean
(col. 2)/(col. 3)

(4)

Eastedies
FEEIERE  CECEINETr S o FUOLISE
Mcan Ratio
eiats N,

Muxima

\

(knots)

(knots) vast menh

(eol. &) (col, ©)
(6)

218
20-2
19:3
16-1
14-2
14-7
8:3
10-8
15-2

170

TABLE 3

Scalar and vector winds throvghcut 0-22 km ¢l 21 nel

Mean
easterly ()
or
westerly (—)

{knots)

Mean
sealar

wind
(knots)

(1) {3)

20-2-60

3-3-60
12-3-60
14-3-60
19 3-60
24.3-60
20.3-60

2.4.50
26-4.59
3-5-50
Average for April,
May 1950

Mean
northerly () —
ar
southerly (—)
(knots)

(4)

12

Resultant Ratio

A Mean sealar
Veloeity
(knots)

Direction

(1 egrees)

from true
north

Mean resultant
(col. 2)/(eol, 6)

() (6)

36
11

(L]
05
07

I
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a7

component comes into the picture. Thewo 1s no
such case with easterly and westerly components,
although  the westerly  components  ontnumber

the easterly components,

Another interesting feature about these maxima
and minima is revealed from the three curves
indicating heights of first maximum, mininum
and second maximuwm respectively with respeet

The

to different days of obsorvations (Fie, 3).
slope of the first (westerly) maxima seemed to
he opposite to the slope of the minima. while
slope of the sscond (casterly) maxima  tended

to be similar to that of minima. This nweant
that when the first maxima was at the lowest
altitnde, the minima and the second maxima
were at the highest and wvice versa, Table 1 ajves
the altitudes of the first maxima, minima and
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TABLE 4
Steadiness of winds in 0—32 km atmospheric channel for March 1960

Mean resultant vect Mear Steadiness
Altitude — — — scalar Vector wind
East (+4) North (+) wind Scaler wind
West (—) South (—) . )
(knots) (knots) ( col. § % 100
NJ 6
(1) (2) (3) i) 3) (6) (7
0 +2 —1 170 16 16 wo
1 19 —03 110 10 12 83
2 —T 103 200 07 12 53
3 —9 +07 310 11 15 73
4 —12 L06 295 13 16 81
i —_12 L07 300 14 18 78
8 —13 04 200 14 20 70
7 —18 +04 285 19 25 7%
8 —21 +01 275 22 31 71
9 —20 L06 280 30 41 73
10 —30 -+ 06 280 30 37 81
11 —34 -+-03 275 35 30 an

12 —40 —08 260 42 42 100

13 —32 —05 260 32 36 80
14 —25 —03 265 25 20 86
15 —18 401 275 18 21 86

16 —13 +01 275 13 16 81

17 —10 402 280 10 13 77
18 —05 —01 260 035 11 45
10 —08 403 350 03 12 25
20 +03 05 10 06 12 50
21 —06 102 70 06 11 55
99 +13 +03 S0 13 14 93
23 +17 01 85 17 17 100
o4 419 401 85 19 19 100
25 424 0 90 24 24 100
26 +29 —03 95 20 29 100
27 33 LO7 75 34 35 97
28 -+ 30 —04 100 30 31 97
29 29 0 90 29 29 100
30 +23 —01 90 24 24 100
31 -1 27 —01 90 27 28 06

32 - 20 0y 65 22 22 100
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Fig. 3. Relationship between altitudes of first maxima, minima and second maxima

second maxima for different days. Although
the present data are too meagre to confirm this
effect, it is, perhaps, more than a mere coincidence
that such a relationship exists between tropos-
pheric maximum and stratospheric maximum.
It looks that the later does affect the former to
some extent besides an effect of equatorial and
polar regions anticipated by Rossby and Willett
(1948).

4. Steadiness of upper winds

North and east components for each altitude
were determined and their values for a particular
altitude were algebraically added for all the days
of observations for the month of March and thus,
the resultant wind for each altitude, at an interval
of 1 km up to 32 km, was found for the month of
March 1960 (steadiness has not been caleulated
for February 1960 and April and May 1959 as the
number of days inthese months, for which data
are available, was too inadequate to extract any
useful information regarding percentage steadiness).
Mean scalar wind was also found for the same
altitudes for the same month. The mean resultant
winds and the average scalar winds for different
altitudes are plotted and shown in Fig. 4. It
is found that the two curves run very close to
each other and maintain parallelism at high

altitudes. If the percentage steadiness of winds
is denoted by -M % 100, it is concluded
Scalar wind

that the winds in the upper atmosphere are very
steady. Table 4 shows that the steadiness
approaches 100 per cent at higher altitudes.
Steadiness varies from 58 to 100 per cent in the
westerlies, while in the upp-r easterlies it is main-
tained nearly at 100 per cent throughout the
observed depth of easterlies. In the calm region,
at about 19 km steadiness is comparativoely poor,
being only 25 per cent. The quantitative analysis
of the steadiness of high altitude winds, as presen-
ted above, isnot of much statistical significance
and requires confirmation by further data. But
it definitely indicates qualitatively that the upper
winds are quite steady and the easterlies are
comparatively mora steady than the wosterlies,

5. Results

1. There are two well established opposing
horizontal currents in the atmosphere up to 32
km (Fig. 1), westerly current in the troposphere
and easterly in the stratosphere in the months
of March, April and May.

2. Change over from westerly to easterly current

takes place in a narrow zone of very light and
variable winds just above the tropopause.
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3. There is an indication of another region of
westerlies at the top of stratospheric easterlies,

l. DPI'Th Of “"'H1“r'“‘,‘-‘i '1“"[‘““‘;{‘.“ H T]H‘ summer
advances whereas the ilr']llh of casterlics seemns
to vary irregularly,

3. Each current has a maximum of its own.

6. The ratio of westerlv maximum to the mean
westerly current is of the order of 2,

7. While westerlies do have northerly and
southerly components, easterlies are more zonal,
The ratio between the scalar mean and the vector
mean of windsin the region 0 -32 km is of the
order of 3.

8. The winds in the region above 20 km are
very steady, percentage steadiness approaching
100 per cent (Fig. 2).

Although the data on which the present study
is based are meagre, the features shown by these
are i broad agreement with the findines of
Kochanski (1955) and Murgatrovd (1957).

6. Acknowledgements

I wish to express my grateful thanks to
Dr. S. Mull, the then Deputy Director General of
Observatories  (Instruments), New  Delhi and
Shri H. Mitra, Meteorologist, New Dolli for their
valuable suggestions and  guidance  while  the
analysis was in progress, and to the Tata Institute
of Fundamental Rescarch, Bombay for providing
facilities for these observations and making availa-
ble the time heicht data of their balloons released
for cosmic ray experiments at Hyderabad.

REFERENCEN
1950 J. M, 7, pp. 66-G9,
1951 Bull. Amcer. met. Soe., 32, p. 52,
1952 Weather, 7, 11, pp. 343-344,
1951 Met, Res. Comme, M, R, p, 610,
10146 JoMell, 3, 2, pp. 27-30.
19046 Nature, 157, p. 24,
1955 J. Mel., 12, p- 9.
1952 Curr. Sci., 21, 3, pp. 63-64.
19461 Indian J. Met, Geophys., 12, 4, pp. 678681,
1957 Quarl, J K. mel, Soc.. 83, pp. 426 and 445,
1030 Ihid., 85, 282, pp. 531-533.
1945 Neicnce, 108, pp. GE3-6.52,
1940 Nature, 164, p, 572,
14949 Sei, Prog., 37, pp. 485.503,
1951 Bull, Amer, met. Soc., 32, p, 48,

1035 Quart, J. R, met. Soc., 61, p. 283,




