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Observations of Turbulence over Minicoy with the F-type Radiosonde
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ABSTRACT. The paper disensses the E-type radiosonde ascents at Minicoy during the period May 1963
to April 1964, It is observed that the rate of rotation of the fan remains unchanged upto about 150 mb and
that it decreases above. The rotation is related to the rate of ascent of the balloon and its decrease beyond 150 mhb
shown to be the same or decreases due to leakage of hydrogen through balloon fahrie. The regions of turbulence
in the upper tropopause and stratosphere are studied from the rate of rotation of the fan. From January to March,
tarhbulence oceurs in the fropopause and stratosphere causing often the balloon to burst. This observation con-
firms the inferences drawn from the blur at the end of the traces in the Dines' meteorograph ascents. The vertical
component of gusts is estimated to he between 10-20 kmph. The thickness of the region of turbulence is found
to bo about 4 km and the region of turbulence during the monsoon months is in the upper traposphere below

the tropopause,

1. Iniroduction

The detailed study of the rate of rotation of the
fan in the F-type radiosonde of the India Meteoro-
logical Department has shown that in addition to
being a switching mechanism, the rotation of the
fan gives some details which other types of radio-
gondes using cup anemometer or wind mill type of
motors to telemeter the meteorological data, do not
do (Venkiteshwaran et al. 1948). For example, it is
possible with the ¥-type radiosonde to distinguish

between the descent of balloon due to accumula~

tion of snow or due to strong downward vertical
currents (Suryanarayana and Kachare 1951,
Venkiteshwaran and Tilakan 1952). The eup
anemometer type or wind mill type of motors
rotate about an horizontal axisand are mdependent
of the direction in which the wind blows. But, the
paper fan in the Indian instrument differs in its
construction design and it rotates about a vertical
axis, It also rotates only when the relative motion
of the air is greater and is from a higher to a lower
level. Its rate of rotation varies with this downwand
component of the motion of air.

The rate of rotation of a cup anemometer increa-
ges with the wind. But the forces controlling such
anemometers are too complex for analysis, and
acenrate measures of performance can be obtained
only by exposing the instrument in a wind tunnel
inan air stream of controlled variability (Fergusson
1934). However, instruments with low moments
of inertin arve more sensitive to the wind. There-
fore the fan in the F-type radiosonde has its unique
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features both due to its ability to function only in
i downward relative wind and due to its low
moments of inertia. In view of the above, the fan
responds quickly to even short period fluctnations
in the vertical components of the wind as met with
in turbulence, which are not reflected in the rate of
ascent of the balloon. This feature has been utilised
to locate regions of turbulence in the upper air
(Venkiteshwaranand Jayarajan 1952). In addition,
it har also been possible to estimate the value of the
vertical components of the gusts from F-type
radiosonde records (Venkiteshwaran 1966),

In this paper, the F-fype radiosonde data of
Minicoy have been examined for the year 1963-64
which relates to the period of International Indian
Ocean Expedition. Since it 8 a small island
off the west coast of India, the ascents will give
the features of the monsoon un-affected by oro-
graphy. An examination of the levels and intensity
of turbulence over Minicoy as indicated by the
variations in the raie of rotation of the fan, extend-
ing even into the stratosphere, has been made in
this paper. For this purpose 41 ascents which
entered the stratosphere during a period of 12
months have been selected. The monthly distri-
bution of flights is given in Table 1,

2. Variation of rate of rotation of the fan with height and
its relation to the rate of ascent

If the rate of ascent of the halloon is constant,
the rate of rotation of the fan should decrease with
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TABLE 1
1964 1963 Tatal
Ly A e i - \
Jan Feb Mar Apr May Jun Jul  Aug Sep Oot Nov Deo
Noa, of aseents 4 4 4 4 3 2 i 4 3 2 2 4 41
TABLE 2
Variation (p,'g)"* with height (km)
— —_— e —— A ——
O 2 4 i 8 10 12 11 16 18 20
POONA
May-Jun 1 102 105 108 113 1-17 1:22 1-28 1-33 1:42 1:52
Tlee-Jan 1 1-02 1+05 108 114 1-15 1-23 1-28 185 143 153
Al n A
May-Jun 1 108 106 110 1:14 1-18 1-23 1-28 1-34 1-42 162
Dec-Jan 1 1-03 1-07 111 1-15 1-19 1:25 1:32 1-38 1-46 =
Temperate Latitudea (Middleton 1943)
Year 1 1-04 108 1-11 115 1- 149 — — — s s
TABLE 3
-6 km 6-10 km 10-16 Em Abovo Average rato of Av. of max. height
15 km ascents per whole reached
(kmph) {kmph) (kmph) {}lamph) flight (kmph) (km)
Minieoy (F-type, 41 ascenta)
210 23-1 22-0 . 21'9 22:0 22
Lucknow (C-Aypo. 47 aseenta, Oct-Nov 1066)
23-7 25-2 28-3 26-7 26-3 19:5
TABLE 4
0-6 km A-10 km 10:15 km Above Mean max,
16 km height reached
(kmph) (lkmph) (kmph) (kmph) (km)
Jan-Feb 1964 29-5 4.1 96-0 22.0 215
Jul-Aug 1963 2005 230 23-0 2000 210
TABLE 5
05 km 5-10 km 10-15 km Above Maximum height
Date 15 km reached
(kmph) (kmph) (kmaph) (kmph) (km)
16 Feh G4 25 27 31 a7 22
21 Pl 64 21 23 27 21 20
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height due to the decrease in the density of the
air. However, the rate of aseent of a balloon in-
ereases with height unless there is loss of hydrogen
through the rubber tissue of the balloon.

A pilot balloonascending freely atta ins a vertical
speed v, when the air resistance D has become
equal to the free lift L. D isa function of v, p
(density of the air) and the horizontal cross-section
aven of the balloon, 4. From wind tunnel experi-
ments on spheres, it may be observed that—

D = byp*A ( = L = Constant)

wlhere b, is ;tm*wnximn‘roiy constant.

1t follows, therefore, that—

v\ _ pd,
ir'“ N Pr

where v, p, and A refer to conditions near around.,
T ¥ is the volume of the balloon,

A v o
P L

Heace, — = ( Po )"
1“ P

It is seen that the rate of ascent of a pilof
balloon is not constant, but varies with the air
density and therefore with height, The variation
(p,fp)t with height for Poona and Agra for the
gnmmer (May-June) and winter (December—Janu-
ary) months and the annual data for middle
latitudes (Middleton }9-13] are given in Table 2,

Thus the rate of ascent in the stratosphere at the
90-km level is nearly 50 per cent more than that
at the gronnd.

The mean rate of ascent of the radiosonde
balloon at Minicoy was found from the time taken
by the balloon to reach heights of 5, 10, 15 and
above 16 km upto the maximum height reached.
Snch data were also computed for the radiosonde
ascents at Lucknow for these ranges, where the
C-type (Chronometric type) of instrument is in use.
The comparative figures can be seen at Table 3.

It is observed from the above that on the average,
the rate of ascent is higher in the regionsabove b km
and it tends to decrease only above 15 km. We
may assume from Table 3 that in the case
of Minicoy, the rate of aseent gradually increases
upto about 10 km, above which it remains steady
upto about 15 km, and it tends to decrease aloft,
It, therefore, shows that the leakage of hydrogen
by diffusion is comparatively small upto about

10 km 2bove which it is largor as a vesult of which
the rate of aseent remaing steady and even de

CTeases:

3. Variation of the rate of rotation of the fan with height at
Minicoy

An examination of the radiosonde ascent at
Minicoy brings out some interesting facts,

The mean length of paper tape in inches per
one complete Olland eycle, for the months January
to March, June to August and for the whole year
are given in Fig. 1. Since the tape moves with the
uniform speed, the length of tape per cycle is a
measute of the rate of rotation of the fan; a longer
length indicates slower rotaticm while a shorter
length reflectsa faster rotation, It is seen from Fig,d
that the rate of rotation of the fan remains almost
constant upto about 300 mb (9-5 km) for January
to March, while it is so only upto about 400 mb
(7+5 km) during the monsoon months June to Aug-
ust. In general, the rate of rotation is slightly less
during the monsoon than during Jannary to March.
Apparently moisture deposits on the balloon fabric
and makes the balloon heavier causing a reduction
in the rate of ascent. As a consequence, the decrease
in the rate of rotation begins at a lower level by
approximately 2 km than in the dry and clear
months January to March, The rate of decrease at
tlie higher levels, above say 300 mb, is greater
during the monsoon months. The mean observed
rate of ascent of the balloon computed from the
time taken to reach 5, 10, 15 km and at maximum
height above 15 km, for the 6 flights in January-
February 1964 and some flights in July-August
1963 are given in Table 4.

Fig. 2 shows the variation of the rate of rotation
with height at Minicoy on 16 and 21 February 1964,
The rate of rotation remains unchanged even
upto about 100 mb, above which it entered the
tropopause and decreased rapidly. The mean
rates of ascents in layers 0-5, 5-10, 10-15 km and
above 15 km are shown in Table b.

Thus, without going into details about the
ocenrrence of regions of turbulence as indicated
by the rapid fluctuations in the rate of rotation, it
appears that the constant rate of rotation is main-
tained by the increasing rate of ascent of the
balloon. The decrease in the rate of rotation, when
observed in the higher layer, is due to the rate of
ascent in these regions having ceased to increase
with height. It is either constant or is decrea sing
due to the diffusion or leakage of gas through the
balloon fabric which becomes very thin at these
lieights,
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Fig. 1. Mean rate of rotation of the fan for Minicoy

4. Caleulated rates of ascents of radiosonde balloons used in
India (Type SR 875)

The empirical formula generally used to calenlate
the rate of ascent of a pilot balloon is

o
BV ARIGY

where the rate of ascent v is in m/min, the free
Iift £ and the weight of the balloon 1V are in
grams and b, the constant has the value 84. How-
ever, when larger balloons are nsed, the value of
this constant is to be changed. For example,
assuming the constant as 84, the rate of ascent. of
the balloon (W =900 gm) used with the F-type
radiosonde (W, = 2020 gm), with a free lift of
1480 gm is 118 kmph. But the aetnal observed
rate of ascent is 20 kmph. The constant b that has

to be employed with the halloon to get the observed
rate of ascent is equal to 149, In the case of balloon
that is used at Lucknow with C-type instruments
the constant b is 139,

5. Thickness of balloon fabrie at bursiing

The halloons at Minicoy reach generally 50 mb
where the temperature is of the order of =75°C. Since
the balloon weighing about 900 gm, is filled with
hydrogen for a buoyaney of 4100 gm, the hydrogen
required at N.T.P, is 3659 litres. The approximate
diameter at 50-mb level is 468 m, Assuming a
density of 0-935 gmjem® for rubber, the thickness
of balloon at bursting is approximately 0-014 mm,
Since in the above ealeulation the neck whieh is
also included in the weight of balloon, does nof
function, the thickness of the balloon may be a
little less than 0014 nmm. This 18, however, higher
than 0-01 mm estimated by Middleton (1943)
which is probably based on the bursting dinmeter
at ground level, If we take into consideration the
effect of low temperature prevailing at 50-mb level
on the balloon fabrie, the bursting thickness of
0-014 mm is probably of the correct order.

6, Turbulence In the stratosphere, and In the upper tro-
popause from the rate of rotation of the fan

The flights of 8 and 9 Jannary 1964 as well ag
on 21 February 1964 (Figs. 8 and 2b) are all
asgocinted with the increase in the rate of ascent
of the balloon and it is seen that the rate of rotation
of the fan has remained unchanged npto about 10
km, while above this level, it gradually decroases
due to the rate of ascent not increasing further:
but it will be observed that in the regions of the
tropopause and above, there is large furbulence,
On 8 January 1964, the turbulence at 18 km
(75 mb) had cansed the rate of rotation of the fan
to reach approximately the value at 10 km, 1f we
assume. that the rate of ascent of the balloon con-
tinned to increase even above 10 km (26 kmiph),
as deseribed in Section 2 above, it wonld have heen
about 33 kmph at 18 km; as a resalt, the rate of
rotation of the fan could have been the same as at
10 km, But the actual average rate of ascent above
15 ki was about 23-5 kmph. It may, therefore, he
roughly estimated that on 8 January 1964 ihe
vertical component of the gust in the stratosphere
wagabout 10 kmph, Similar data for other days are
given in Table 6,

The vertical components of the gusts, upward
or downward, were also computed from the rate
of rotation of the fan. Venkiteshwaran (1966)
has shown from experiments in the wind tunnel,
the variation of the rate of rotation of the fan
for different wind speeds and also estimated the
rate of rotation of the fan at different levels for
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a uniform rate of ascent of 18 kmph. These

values are given in Tables 7 and 8.

From these values and from the observations
made in this paper that the rate of rotation remains
unchanged at different heights due to the inereased
rate of ascent of the balloon, it has been possible
tio estimate the values of the gustsas shown in the
examples, As the size and shape of the paper
fan and the type of gearving have remained un-
changed in the instrument, the rate of rotation
of the fan are comparable at all times and they
are influenced only by the relative motion of the
air past the famn.

Example 1: The upward gust at 255 mb (11 km)
on 8 January 1964 (Fig. 3a)— Let us take the
case when the rate of rotation has suddenly
decreased from 55" of tape per cyele to 76",

The rate of ascent of balloon on release is 22-5
kmph. Since the rate of rotation has remained
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unaltered, the rate of ascent at 11 km (22:5¢1:2)
is 27-0 kmph (vide Table 2),

The rate of rotation for 22-6 kmph near the
ground (same as at 11 km when it is 27-0 kmph)
is 26 imp./sec (Table 7).

The length of tape at peak of gust is 76" and
this is equivalent to (263<55)/76 =18 imp./sec
at ground or 16-0 kmph (Table 7) which is equiva-
lent to 16:0<1-2 =19-2kmph at 11km (Table 2),
Therefore the value of the upward gust due to
which the rate of rotation has decreased is 27-19

-8 kmph. The air layer within which this has
ocenrred is 26 mb at about 250-mb level, This
is approximately 0-6 km.

It may, therefore, be inferred that the halloon
experienced an upward gust of approximately
8 kmph in a layer of 0:6 km. Similarly, the
downward gust experienced by the balloon in the
subsequent gnst was 16 kmph ina layer of 04 km,
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TABLE 6

tate of ascent
al start of
tlight

(kmph)

Ho)-04
9-1-64
21-2-64

4-7-03

Dhzerved rate of
ageent in region
of gust

Computed radeof  Downwand vertioal
ascent {or po component of
change in rate grust
of rotation

(kmph) {kmph) (kmph)
M 105
Kl 15
3l 1o
27 10

TABLE 7

TABLE 8

Speed of wind (kmph) vo. of impulses 'see

Height (ki) No. ol impulses 'see

Near ground

Example 21 Downward qust at 90 wb (17 km)
on 8 January 1964 (Rig. 3a) —In the earlier
example, the vertical ecomponent of the gust was
calenlated when the rate of ascent of the halloon
inereased uniformly, maintaining the rate of
rotation unchanged, when there were no effects
due to turbulence. But above 250 mb, the rate
of ascent of the balloon was decreasing.  The
rate of rotation of the fan corresponding to no
effects of turbulence, will be vepresented by the
smooth curve above 2000 mb  passing  throngh
the centres of the regions of turbulence which
canse the fan to go faster and slower alternately.

The rate of ascent of balloon at start of flight =
22-5 kmph =26 imp./sec (tape length of b5")
(Table 7).

The rate of rotation at 90 mb (17 km), if no
turbulence existed is given by a tape length of
83" which is equivalent to (26:<55)/83 - 17 imp.
sec. 17 imp./sec represents a rate of ascent of
balloon of 16 kmph near the ground (Table 7)
and it is equivalent to 22-4 kmph at 17 km
(Table 2).

At the highest value of the downward gnst,
the rate of rotation was equivalent to about 55"
of tape, t.e., 22-5 kmph near the gronnd or 31
kmph at 17 km. Therefore, the downward gust

= 31-0—22:4 = 86 kmph. This was affecting
the balloon in a layer of about 0-4 ko,

Similarly the vertical components and  the
thickness of the gusts were calenlzted fora number
of cases from the radiosonde ascents for o fow
days and they are given in Table 9,

[t is observed that the vertical components of
the gusts in the tropopanse/stratospheric regions
are of the order of about 10 kmph. It may not
he feasible to record higher values in these regions,
bocause the balloon becomes very fragile, How-
ever, values of the order of 15 kmph and 19 kmph
have been observed at 7 and 11 km  res-
pectively. It is, therefore, possible with this
technique fo estimate the valuel of vertical
componentz of the gusts and their thicknesses
at all levels in the atmosphere.  While Table 9
gives the thickuesses of individual gusts the thick-
ness of the turbulent region ean be mueh greater.

7. Other evidences of turbulence in the siratosphere

The above observations are dircet evidence
for the existence of turbulence in the strato-
sphere; the approximate value of vertieal compo
nents of the gnst in these flights is about 10 kmph.

It will be noticed that the radiosonde recond
generally terminates abruptly under these turhy-
lent conditions, where the balloon fabrie is o

1|\'
about 0-014 mm thick, '
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Prior to the introduetion of radiosonde in Tndia,
Dines’ meteorograph ascents were heing made,
These oftén showed a blur at the end of the trace
in the stratosphere. This blur is noticed not only
in the temperature trace but also on the homidity
trace and the datum pen at corresponding position,
Sinee all the pens are jomed to a frame which
shifts with pressure, it appears that the blurs are
associated with the vibrations experienced by
the aneroil. The only possible canse of  such
vibration appears to be the existence of turbulence
in the stratosphere.

Sinha (1954) has examined the blur oceurring
in the records of Dines’ meteorograph ascents at
Agra, and ho found that in 250 records examined,
the blur oecenrred above 16 km on 66 oceasions,
and in 26, they were at abont 26 km. Mani et al.
(1959) studied the Dines’ meteorograph ascents
in the region of Poona-Hyderabad and Madras-
Bangalore. In the Poona-Hyderabad region,

the number of flights studied was 126, and of
these, 22 had blurs above 100 mb (16 km), In
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the ecase of Madras-Bangalore, the corresponding
fisures were 180 and 79. It was observed that
the mean level of turbulent region was abont
23 km.

Amold (1954) obgerved eonsiderable turbulenee
in the stratosphere on 4 different occasions af
Balmar, New Jersey, while tracking balloons
with a telescope and a radio-direction finder,
The turbulence was so severe that the radiosonde
separated from the balloon though it was sus-
pended by a cord with a nominal breaking strength
of abont 70 1bs.  During these observations in
June 1960, the instrument separated from the
balloon at heights ranging from 28 to 30 km,
while in the ohservation in Oectober, it separated
at 24 km. He hos estimated that an ascending
eurrent of about 10 m/sec eonld provide the
necessary condition fora free fall of sonde of about
10 f& which eould break the line.

As already stated in the previous para, all
flights for Minicoy were made after sunset, and,
therefore, the balloon fabrie was not affected
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TABLE 9

Rate of ascont
immediatoly Height ol
Datp on release pHust
“f ‘inll'lllu

with no tur
buleneo
(eomputad)

(femph) {(kmph)
8-1-(4 22-5 2535 mb a0
(11 km)
8-1-64 22-5 240 mh 27-0
(11 km)
8-1-64 22-5 Wy mh 22-4
(17 km)
8-1-64 22K 75 mhb 22.4
(15 km)
O-1-04 23-5 O mb 23.0)
(17 km)
G164 23-56 65 mh 230
(19 km)
O.1-64 235 57 mh 210
(18-5 ki)
21-2.64 21-5 85 mh A0
(I8 km)
16-6-63 21-0 200 mb 250
(12 km)
13.7-63 190 425 mb 10
(7 km)
21-7-63 21-6 210 mh SO0
(12 km)
21.7-0¢ 21-a 200 mhb - 1)
(12 km)
21-7-6G3 2145 150 mhb [T
(14 km)
26.8-63 19-0 165 mb 240
(13 km)

Rate of ascent

Rate of ascent  Vertical com-  Approximate
al Iu-.’ll‘. o

pement of thicknoess of Diirection of
st Pt jrust gust

(eomputed)

(kemph) (kmph) (k)

190 80 06 Upward
42:0 150 04 Downwadl
31:0 80 -4 Davwnward
10-0 -4 04 Upward
32-5 10-5 8 Downward
130 9-0 1-2 pward
2840 70 06 Downwanrd
20-0 110 1-2 Upward
14-5 10:45 0-5 Upward
18-0 190 03 Downward
230 30 025 Downward
17:0 Q] 0-25 Upward
255 heh 04 Downward
170 7.0 06 Upward

by solar radiation. Similarly, all the Dines’
meteorographs were released only  alter  the
simset, It has been observed that in the flichts
made during the day, the balloon fabric was
warmed up by the solar radiation and, therefore,
hydrogen diffused through the fabric rapidly,
at higher levels, as a result of which the rate of
ascent. was affected. Turbulence was, therefore,
not go frequently observed dnring these day
flights,

Thus the F-iype radiosonde balloons show
clearly the occurrence of turbulence in the tropo-
pause and lower siratosphere over Minicoy. It
also gives an estimate of the vertical components
of the gusts associated with the turbulence. 1t
lhas, however, to be noted that the balloon is very
fragile, and particulaxly so at the higher level,
and as such turbulence exceeding a certain degree
cannot be recorded since the balloon will not be
able to withstand the same,

8. Turbulence in the sirong easterlies over Minicoy during the
monsoon

It has already been shown that the horizontal
wind does not altect the rate of rotation of the
fan (Venkiteshwaran and Javarajan 1952). This
feature has been observed with the Minicoy
flights also. But during the monsoon the observed
sharp changes in the rate of rotation of fan at
Mimcoy, in the regions of strong winds is due to
turbulence only.

The winds increase in speed with height above
the 400-mb level at Minicoy and reach the maxi-
munt of about 60-80 kt befween 100-150 mb above
which they rapidly decrease to values between
2040 kt and inerease again at higher levels.
The region of minimum wind here  generally
corresponds with the level ol tropopanse with
minimmm temperature. The region of turbulence
is generally in the regions of strongest winds
below the tropopanse. It oecurs sometimes also
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in the levels below the region of these strongest
winds. However from the available data, turbu-
lent regions have not been observed above the
100-mb level as in winter. It appears from these
observations that the tropopause is the lower
boundary of turbulence in the winter. The
upper limit is not known from the available data.
On. the other hand during the monsoon, the tropo-
pause 8 the upper layer of turbulent region.
These are very significant features of the turbulent
regions in the upper tropopause and lower strato-
sphere.
9. Thickness of regions of turbulence in the upper troposphere

and in the lower straiosphere

During Jannary -March, the turbulence generally
starts at about 150100 mb and is observed till
50-mb level where the balloon bursts, One may,
therefore, infer that during these months the
thickness of the turbulent region is at least 4 km
above the 16-km level.  The extent and infensity
above 20-km level is nob known, because of the
balloons not reaching higher heights. However,
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" in the months June September, when the prevailing
winds over Minicoy are due to southwest monsoon,
the turbulent regions are below the tropopause
and m the upper troposphere. They begin at
about 250 mb and extend upto about 100 mb,
i.c., a thickness of approximately 5-6 k. This
region correspoids generally to the level of the
strong easterly current over Minicoy.

The existence of turbulence above the tropo-
pause in the winter months and its shift to regions
below the tropopause and in the upper troposphere
in the other months is significant. It appears
from these observations that turbulence is a
charicteristic feature of the cireulation in  the
upper atmosphere.

Aviation is making rapid progress and super-
sonic transport is not far. The structure of the
first prototype of the Concorde, on which Sud-
Aviation of France and the DBritish Aireraft
Corporation of Great Britain are working on a
136 passengers, Mach 2-2 (1460) transport
is likely to make its first flight soon. Similar
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;-:|||u-|'.-u|||iv transport are hemg plamned  me the
US.A. and the Soviet Union. The specds will
be between OO to 18300 iph and the altitude
of these planes will be hetween 60,000 10 70,000 {t,
These transport planes will, therefore, he eruising
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m the st I.i"'.*-}'lll‘l' x I'hose obgervations of I|||'||U.
lenee deseribed ine present paper may he of
some value to th Programme,

10. Turbulence in the lower troposphere

Tuwrbulenee, as mihicated by ;-;'_'1|[|i|'_g|ll 1‘]|.‘|"::|-_\
i the rate of rotation of the fan, is not a frequent
ocenrrence during Jannary-April m the resions
below the 40iemb level at Mineoy It dows
ocenr oceasionally i the regions of | ree chanoes
i the lapse vate (1700 3 b)Y Turbulence assoes llr-rI
with mversioms have been located by Javaragan
(1953) at other stations also from the ratle of
votation of the fan, This feature has been nofieed
by Anderson (1997) with gust sondes, inthe TLS.A
i connection with troposph e inversions,  He
o that regions ahove and helow  nversions
are assoctated  with above normal turbinlenee.
Sinha (1991) also ehserved that turbulence often
oeenrs under extreme conditions of temperature,
e high Brpse rite or inversion,

It s noticed that the i]l'l'l» \\l':-'ll'l'|_\‘ NSO
current extendimg info even 8 ko is not turbulent.
However.a sharp region ol turbulence is sometimes
observed in the region where the westerlies clinnge
aver to the ecasterlies ““'I'_{'. -_l]. “U\\'l_'\'l‘]'. this has
been observed only ma few flights, and  not in
eVery one,
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