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Some high pilot balloon ascents at Poona
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ABSTRACT. To supplement aveilable observed winds st high levels, about 40
with big balloons at Poona in winter 1952-53. Tails of 200 metres were s ttached &

ial ascents wero made
weighted to reduce slant,

15 of the ascents reached heights above 60,000 feet. The paper gives—{i) height-time curves of the individual
ascents, (ii) vertical time section diagrams for the four months upto 22 km, with isotachs and general wind
directions and (iii) diagrams of departures from normal of temperatures upto 16 km from daily radiosonde
ascents. The vertical currents and winds are discussed in relation to the synoptic situations and msjor

temperature changes.
1. Introduction

With aircraft operating at greater heights
interest in, and utility of, actual observations
of winds and temperatures from these heights
has increased greatly. Limits to heights up
to which observations can extend are set
by (¢) ability of the balloon tissue to stand the
difference in pressure between inside and
outside, (i7) the range of distance upto which
the observing method can operate and (i7)
atmospheric obsouration by cloud or mist.
Due to these, observations of winds from
levels above 30,000 feet are mnot too
common. Of the pilot balloons that were let
off at Poona in the normal observational
programme, in the year 1952, 35 reached a
height of 40,000 feet, 4 reached 50,000 feet
and only 2 reached 60, 000 feet. Some special
ascents using bigger balloons, with the speci-
fic object of getting winds at least up to
60,000 feet with as great an accuracy as possi-
ble, were, therefore, made at Poona during
the cold weather season of 1952-53, 16 of
which went above 60,000 feet. Some points
of interest shown by these ascents are pre-
sented in this paper.

2. Particulars about balloons efe

40 balloons were let off during the period
28 October 1952 to 5 May 1953. 6 of the bal-
loons used were of NR 875 type (mean weight
8750 gm) and the remaining NR 575. The
attempt was to have 2 to 3 ascents per week,

i.e., every third or fourth day; but days when
ascents were not expected to be high due to
clouding were generally ruled out. The as-
cents fall into two main spells, 28 October
to 14 November 1952 and 17 December 1952
to 17 February 1953; later, there were just a
few occasional ascents.

On 4 days, two separate balloons were let
off within about half an hour of each other
and were followed by two independent pair
of observers.

The free lifts given were varied rather
widely at first in order to find out the opti-
mum; later, they were kept within narrower
limits.

The tail method of finding heights was used
and in order that tail readings may not be
too low even at the greatest heights, 200
metre tails with muslin sheets nearly 5 x3’
were used as flags. The substitution of mus-
lin for paper was found to be of real help by
ensuring that the flags did not get torn. To
enable the release of such long tails, a fuse
arrangement was used by which the tail gra-
dually unwound itself out of a paper drum.
With the object of keeping slant of tail and
errors in height due to it to a minimum, a
sandbag weighing 100 gm was attached to
the end of the tail, with the flag.

3. Maximum heights attained

The greatest heights reached by these
balloons, together with particulars regarding
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TABLE 1
Particulars about the balloons and heigkts reached

Time of Kind of Net Height Height reached
Serial Date releas special freq reached by routine
No. of balloon lift by special afternoon
balloan balloon ]ll| it balloon
(IST) (gm) (km) (km)
1 1535 NR A5 1070 18- 4 9.2
2 1610 ~ 1] 18-2 -2
3 1523 NR 875 1500 204 78
4 1533 33 Ix30 18- 4 78
5 1511 NIR 375 Tl G-1) 16-3
[ 1548 - 1250 22.0 16-3
2 0800 i G40 14:8 G:8
8 821 - 1100 14:2 G-8
! 1507 i Sl 13-8 7-2
10 1610 . 1210 11-8 12-6
11 1549 55 1290 20-] 73
12 15350 NER 875 1140 18-0 10:0
13 1545 v 1300 19-0 111
14 1545 ” 1360 19-3 50
15 1530 s60 198 14+
16 1528 NR 375 1060 195 89
17 1527 . 1100 11:9 S |
18 1500 5 1190 146G 2
19 1521 . 1080 180 G0
20 1514 i 940 210 118
21 1514 =5 1100 159 1)+ ]
23 1315 - 1030 13-4 9.0
23 1525 - 10310 198 G-8
24 15145 - 1200 20- 1 7-3
25 1520 i 13040 15-7 9.2
26 1515 . 14040 8-G 65
27 1524 3% 1480 17-0 79
28 1520 " 1250 12-9 U9
24 1515 i 1400 21-4 78
30 1511 . 1380 15-9 740
31 1525 . 1420 13:3 8.2
32 15t i |00 106 HETH)
33 1525 . 140600 12.2 0.1
34 15440 ¥ 1310 16-0 10
35 1530 . 1300 74 -8
36 20-3-53 1636 . 1300 209 G2
37 24.3-53 1700 e SO0 17:2 10+7
38 31-3-53 - 1240 11-5 72
31 20-4-53 1625 5 1300 13-4 106G
40 5-5-93 1600 . 1330 15-3 60
Mean 161 s8-8

Gain in mean height 73
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TABLE 1 (conid)
No. of balloons reaching the maximum height range (km) of

= e D
<0 10-0 11-0 12+0 13-0 14-0 15-0 16:0 17-0 18:0 19-0 20-0

to to to to to to to to to to or
10-9 11-9 12:9 13-9 14-9 15-9 16:9 17-9 18-9 19-9 more

Routine halloon 29 5 2 1 1 2
Special balloon 3 1 3 2 + 3 2 1 2 7 5 7

times of release, free lifts given and the
greatest heights reached by the routine
unrestricted ascents for the days at Poona
are given in Table 1. The distribution of the
heights reached by the special and routine
balloons have been shown in a frequency
table and the mean heights have also been
given in the same table. The mean additional
height gained is 7°3 km. While 16-3 km was
the greatest height reached by the routine
balloons, nearly 22-0 km was reached by
two of the special balloons. 29 of the 40
routine balloons (72 per cent) were lost below
10 km, while only 3 (7 per cent) of the special
balloons failed to reach 10 km. Thus
increasing use of these NR 575 balloons, will
lead to our getting more and more observa-
tions from the layer 10-20 km which observa-
tions are useful inconnection with high alti-
tude flying.

4. Effect of the weighting In reducing tail slant and
therehy inereasing accuracy of the heights

It is well known that, when heights of pilot
balloons are computed by the tail method, the
principal source of error is due to non-verti-
cality of the tail (Field 1924, Ramakrishnan
1939). In every ascent of the present series,
a sandbag weighing 100 gm was attached to
the tail, so as to reduce slant of tail. In con-
formity with general practice even with rou-
tine ascents, a remark regarding slant of tail
was made in the observation sheet, whenever
such slant was observed. The percentage of
instances when tail was slanting in the special
ascents was about 3/5 of the corresponding
percentage in the routine ascents. Although
such weighting of the tail has the disadvant-
age of increasing the hydrogen consumption,

the increase in accuracy of heights would seem
to justify the procedure. Regarding the opti-
mum weight, some trials may be necessary.

5. Further evidence on the accuracy of the results

It is the general experience of those who
have worked with pilot balloon winds that
they show a fairly high degree of internal
consistency. On four days, in this series, two
separate balloons, with nearly same free lift,
rate of ascent etc were let off within half an
hour of each other. The directions and speeds
of wind at various heights of these are given
in Table 2; and the height-time curves of three
of them in Fig. 1. The general agreement, it
will be seen, would suggest that the values of
direction and speed obtained on different
days could be assumed to be correct within
20 degrees and 5 knots respectively. The few
levels where the values from the 2 ascents
differed by more than these limits are given in
bold types in Table 2. Probably these
changes are real and occurred in the interval
between the two ascents. May be they repre-
sent the gustiness of the wind at the levels.

6. The height-time curves and vertical currents

The height-time curves of the ascents with
every height value plotted are shown in Figs.
2 to 5. It will be seen that in general, most
of the points could be fitted into smooth
curves. This enables one to infer from the
height-time curves the presence of vertical
currents with greater confidence. Points in the
height-time curves, where sharp changes occur,
have been indicated by short arrows. Side
by side with each height-time curve, a straight
line has also bean drawn to show which height-
time curve that particular balloon would have
given had there been no vertical current at
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Directions and speeds of pairs of ascents

TABLE 2

Height Asce
No
(km)
1:0 Ist
21l
2.0 Ist
2nd
3-0 1=t
2nd
40 Ist
2nd
30 15t
2ndd
6 0 Ist
2nd
70 1 st
2nd
8:0 It
2ndd
-0 I st
2nd
100 | ut
2nd
1o 1st
2nd
12:0 14t
2nd
13:0 1st
2nd
14-0 Ist
2nd
15-0 Ist
2nd
16-0 I st
2nd
17-0 1t
2nd
18:0 1st
2nd

Dute and time

e
28.10-52
1555 1610
——t—

dd re
05 11
4 7
05 3
08 6
08 5
(L} 10
10 21
09 19
04 29
10 20
10 pita3
11 19
12 25
13 21
15 239
15 25
14 17
13 13
|'_, 5]
14 4
21 G
15 4
23 8
19 N
20 11
19 11
19 17
20 15
7 149

17

17 20
16 17
11 17
07 15
10 23
13 s

(IST) of 1st/2nd ascent

20-10-52

15331553

dd
13
36

0

03

(1H]

0s
09

10
11

09

(UH]
s

10

A . N
30-10-52 4-11-52
1511/1548 0800/0821
iy Ay i
v dd ] dd vv
1 03 3 11 10
5 07 2 12 Y
0} 07 ] 15 2
5 05 ¥ 14 4
9 05 12 36 4
9 05 12 31 6
14 05 15 35 9
15 06 14 36 8
19 06 16 10 b
21 09 21 20 6
21 07 24 21 .1
27 11 21 22 5
21 22 6
29 23 ]
15 25 15
15 22 9
Is 25 16
14 24 15
13 25 18
12 26 19
13 25 19
13 25 17
13 26 18
T 6 15
11 24 20
10* 24 21
2 24 17
13* 24 17
l*
18
11*
14
13*
15
11*

09

dd in tens of degrees, rr in knots

* Extrapolated
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Fig. 1. Height time curves of pairs of balloons
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Fig. b

that time. This straight line (the expected
height-time curve) has heen drawn on the
following basis.

Each of the smoothed height-time curves
was first divided into sections with very
nearly uniform rate of ascent, and the rates of
ascent in each section worked out. These
rates were plotted against the quantity
LY [(L--W)} for the particular ascent. Fig. 6
shows this plot for all the ascents together.
A curve giving the best fit was then drawn.
The expected height-curves were drawn by
using this curve and the known values of
Land W for each ascent. This procedure
amounts to using the usnal expression for
rate of ascent, 7.e.,

L
P e
(LW
with the value of ¢ derived from the present
series of ascenfs themselves,

The departures from the expected rate of
asoent may in fact be due to either (i) quality
of the individual balloon used or (i7) vertical
currents in the atmosphere which accelerate
or retard the upward movement of the hal-
loon. The applicability of a value of ¢ so de-
rived is obviously justifiable in the first case

but not so in case 2. It may be argued that
large vertical currents may exist in particular
regions with a net flow going either upward or
downward and that the mean rate of ascent
derived from such a scatter diagram may be
biassed. However, the points in the scatter
diagram were obtained only for each section
with a homogeneous rate of ascent irrespective
of their duration and a perusal of Figs. 2to 5
will show that there are on the whole as many
cases of gradients greater than the expected
in each ascent as less than the expected.
The departures from expected rate are not
always confined to particular heights but seem
to occur anywhere in the height line.
Hence it seems that the acceptance of a mean
rate of ascent from the scatter diagram may
not be far wrong.

Table 3 gives the percentage frequencies of
departures of different ranges from expected
rates of ascents.

The important points brought out by this
table are—

1. An appreciable number of observations
(23 per cent) are in a range of -4- 1 km hrt
within the expected rate of ascent.
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TABLE 3

Percentage frequencies of departures from expected
rate of ascent

Range of Duration (min)
departure — A y
Gemhed)  <B stex  >w
<—10 s . "
—05°1to —10 1 8
-] 1to— b 24 -]
410t — 10 — 20 3
+1:-1to 4+ 50 6 20 4
+5°1 to +10-0 - s 1
=410-0 2
2. Departures—positive and negative

from the expected rates arealso higli,:';ﬂ per
cent and their durations are also fairly long
but not constant throughout the flight.
Hence it can be concluded that—

(1) The constants derived from Fig. 6
are fairly accurate.

(47) The departures from expected rates

are real and are not due to unsatis-
factory performance of the balloons
since same rates of ascent are main-
tained for fairly long intervals,
5 minutes and above.

(#47) The departures are fairly high and
cannot be ignored and they are a
valuable source of information re-
garding the order of vertical cur-
rents met with.

The existence of vertical currents of such
high orders in weather situations characteris-
tic of high convection like thunderstorms is
well recognised. However, the vertical cur-
rents in clear weather as prevailed in all the
ascents of this series are generally considered
to be of much smaller magnitudes,

The changes from one rate of ascent to
another often occur quite sharply. If these
give a true picture of the actual situation,
then the boundaries of such currents are quite
sharp. This fact can considerably vitiate
computations of vertical motion made from
velocity fields (Panofsky 1946).
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TABLE 4

Distribution of vertieal currents with height

No. of No Descending current Ascending current
ascents appreciable — A —_  — A —
current >5 1-1-5-0 Total 1:1-5-0 >5 Total
km/hr  km/hr km/hr km/hr

20
16

19

Table 4, giving the percentage distribution () Between 4 and 18 km, the currents
with height of the vertical currents, brings are mainly upward.
out the following— (117) Above 18 km, i.e., in the strato-

sphere they are once again pr domi-

(z) The currents in the lower levels, 7.e., nantly downward, though upward
currents occur on occasions. The

upto3kmare predominantly do.wn- upward currents in the stratosphere
ward, although the observations probably occur when warm air is
relate to afternoons, brought by advection.
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7. The wind pattern of the whole scason

Table b gives the directions and speeds of
the wind at each kilometric level up to the
maximum height, obtained from these special
ascents. In order to get a complete picture of
the wind pattern during the whole season,
taking these special observations with the
usual ones on the remaining davs, Figs.
7 and 8 have been drawn. In these, isotachs
are drawn at 10 knot intervals.  They are
shown broken where observations did not
reach. Arrows indicate the general wind divec-
tione. The dotted lines separate easterly
winds from westerlies.

7.1. Important features of the wind in the
troposphere (4 to 16 Lm)

Till about 5 November, winds were gene-
rally weak. They then strengthened, and
Tﬂﬂtaillﬂl Tﬂﬂ.‘l”_" 80 TI” ahml'f 29 ]"--}.ru”.]'_\"

Futher surges of strengthening, lasting for
periods varying from 2 to about 15 days se-
parated by comparative lulls occurred even
within this period. The maximum speed (60
to 80 kts) occurred generally between 10 and
14 km above which height, the speed  dec-
reased. In one spell. centred zbout 24
November, wind went on increasing up to 21
T,

Broadly speaking, the variations of the
wind over Poona during November to
January are controlled hy (/) the formation
of depressions  (or evelones) in the Bay of
Bengal to the southeast of Poona and their
movement and (i7) by the passage of wes-
tern disturbances to the northwest of Poons.

A cvelonic storm existed near lat. 15°N.
long. ST'E on the evening of 8 November
from where it moved over to lat. 20°N,
long, 91°E by 10th evening. The
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circulation round it continued to be cyclonic
up to about 12,000 feet above which
level it was anticyclonic. The streng-
thening of the winds between levels of 8 and
14 km between the 4th and 8th may
be connected to the intensification of the
cyclone (with its upper anticyclonic circula-
tion producing a strong gradient near Poona)
and the temporary drop on the 9th to the
fact that the upper anticyclone was practi-
cally in the same latitude as Poona on that
day with the stronger pressure gradient
farther away. With the receding and weaken-
ing of the cyclone, winds at Poona started
strengthening again.

The first strong western disturbance of the
season, near enough to India, appeared
over Iran on 17 December. With it, the
westerly winds from 8 to 14 km strengthened.
At the level of maximum, which varied from
10 to 14 km, it was at least 50 kts, often 70 to

. "
22 23 24 25 26 27 2B

A . i
6 7 181 20 2

Fig. 8

80 kts, until 21 February. About this day,
associated with a western disturbance over
Iran, a low developed near the Bombay coast,
with an upper anticyclone close to Poona and
persisted for some days. Winds at Poona
weakened with it and remained so till the end
of the month.

7°2. Winds in the lower stralosphere

Till about 20 November, winds in the stra-
tosphere continued to be easterly, as earlier
in the season (Venkiteshwaran 1950),
The cyclonic storm in the Bay in the first
half of November, with which the winds in
the upper troposphere over Poona streng-
thened, had little influence on winds in the
stratosphere. No easterly wind was observed
after that date till the end of the present
series of ascents.

In the latter part of November, one spell
of really strong westerly occurred and a
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- TABLE
Direction and speed

HEIGHT (Km)

2 3 5 } 7 § f

Date Time _._L_V_.JC_.,._; g _-JL,_HJ:-ﬁ -.-::—-q——m_\—d:—ﬁr-—»l-v—i‘-.—\—uil -l-»\
(IST) dd  ve dd we did we dd ove dd ove dd owve dd vr o dd ove dd v dd owv Al ore
28-10-52 1555 05 11 053 & 08 8 00 21 09 20 10 28 12 25 15 25 14 17 12 4 21 6
20-10.52 1533 13 1 0% 6 09 8 08 14 19 19 13 21 13 21 14 15 14 18 17 13 19 13
30-10-52 1548 07 2 03 8 03 12 06 14 00 21 11 21 13 17 14 13 16 14 22 6 20 5
4.11.52 0800 110 15 2 36 4 35 9 10 5 21 8 22 ¢ 25 15 25 16 25 18 25 10
5-11-52 1507 35 5 05 6 21 4 33 05 27 10 24 13 26 15 23 30 23 39 22 41 22 42
6-11.52 1610 a7 4 ud a2 20 7T 020 15 27 20 23 27 23 38 23 43 23 49 20 A7
7-11.52 1549 [IF! 4 05 5 07 2 27 7 2% 13 25 22 29 42 23 40 22 48 21 61 21 53
11-11-52 1550 07 4 13 6 15 8 28 15 30 19 27 22 25 27 27 45 25 43 25 42 25 38
12.11.52 1545 11 4 15 7 18 6 20 I8 20 9 28 11 25 21 25 25 23 35 23 41 23 30
13-11.52 1545 11 6 12 6 35 6 29 11 27 14 24 21 25 25 23 31 22 39 22 J0 22 24

08 100 08 I8 o uo w3 s ae s es wa oas e 230 25 21 27
28 3 22 4 15 10 21 14 20 11 23 22

14-11-52
17-12-62

22.12.52

23.12.52 1500 07 9 14 G 14 £ 3¢ 11 26 21 27 20 27 26 27 32 27 43 25 52 206 b9
26-12-52 1521 21 13 19 6 24 12 24 17 24 20 27 33 26 48 26 61 24 65 34 T3 25 78
31.12.52 1514 11 5 12 7 20 6 17 8 26 19 26 19 26 19 26 36 26 4h 26 72 25 78
15-1-53 1519 92 11 27 14 26 17 31 23 31 40 20 290 30 32 27 39 20 43 30 59 31 64
16.1.53 1515 30 6 20 12 28 10 20 21 20 27 20 33 28 34 28 49 20 41 20 44 29 5]
19-1.53 1525 20 7 22 10 31 22 29 29 28 34 26 40 26 63 29 47 29 67 27 55
20-1-53 1515 27 b 23 19 31 26 30 32 30 41 27 40 29 60 29 68 28 68 28 @5
21-1-563 1520 03 3 21 23 28 21 20 23 20 25 22 38 30 48 29 68 29 5O 30 6O
99.1.63 15156 24 4 23 21 20 3 30 453 30 62 31 G8 20 59
23-1-5: 1524 07 3 31 7 35 13 31 17 32 20 33 34 33 35 42 76 o 56 27 46 26 42
30.1-563 1520 97 13 26 12 30 10 33 26 32 31 81 42 31 45 28 44 27 41 27 39 25 35
2.2.53 1515 07 7 14 G 01 15 31 14 31 20 29 27 32 26 31 42 30 47 31 55 30 47
5-2-563 1511 27 16 22 15 24 13 29 23 30 38 31 44 20 36 28 56 20 66 29 84 29 81
13.2.53 1525 10 6 13 8 15 7 23 8 25 0 20 15 30 23 28 26 26 35 25 40 24 40
16.2.53 1508 10 7 11 7 11 4 14 12 17 10 23 13 24 21 24 31 24 47 24 61
17-2-53 1525 12 315 6 15 6 15 7 22 0 22 21 23 2¢ 25 38 25 45 25 51
13-3-53 1540 s 2 £ 20 4 29 13 285 190 29 18 30 15 26 23 26 40 24 59 23 45
17-8-53 1530 05 8 5 33 4 05 5 08 6 2 26 31
20-3-53 1636 03 2 3 04 8 04 4 25 4 26 8 21 30 %0 10 26 27 24 51 28 34
24-3-63 1700 32 10 10 07 7T 03 7 27 4 25 4 10 33 19 34 37 34 33 34 24
31-3-53 1703 26 3 2 09 13 7 10 5 16 190 19 19 20 31 22 31 20 44 20 ¢4
20.4-53 1625 20 15 20 4 08 10 07 15 ol & o6 13 36 8 ol 12 33 0 30 13 27 10
5.5.53 1600 98 9 27 13 25 12 05 6 06 8 04 8 02 17 20 13 26 18 23 17 25 15

dd in ters of degrees, vein knots
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5
at different heights

HEIGHT (Km)

12 13 14 15 16 17 18 10 20 21 22 Time Date
e e T Shg— § S A
M ve dd w dd ve dd ve dd v dd oo dd ve dd ve dd o dd wv dd ve (18T)
22 8 20 11 19 17 17 19 17 20 11 7 10 23 11 3 15556 28.10.52
23 13 19 8 16 7 13 17 13 23 10 19 14 17 10 17 13 14 07 17 1533 20.10.52
300 4 16 12 14 12 16 15 18 16 12 19 08 5 07 21 11 29 10 23 16 9 1548 J0-10-52
26 18 24 20 24 17 23 15 0800 4.11-52
23 41 21 34 20 40 1607 5-11-52
21 &9 1610 f.11.52
21 87 21 38 21 37 22 83 27 17 22 & 17 14 10 13 11 19 1549 T7-11.52
23 39 23 45 23 27 23 37 23 27 17 15 08 16 1550 11.11.52
23 25 21 25 .23 20 20 7 07 7T 18 0 21 8 24 4 1545 12-11-52
26 21 27 11 18 14 11 15 12 16 13 6 15 7 06 9 1545 13-11.52
22 25 20 20 20 21 19 19 17 14 14 15 17 17 07 15 09 14 1530 14-11-52
27 34 23 30 25 32 24 17 20 18 21 6 34 10 03 6 10 5 1528 17-12.52
1527 22.12.52
23 45 23 73 26 8] 1500 23.12.52
24 B6 25 82 27 83 28 51 29 26 02 1§ 32 4 1521 26-12-52
25 BT 27 80 27 RO 26 65 26 66 23 36 22 36 235 21 % I8 16 21 25 7 1514 31.12.52
20 53 27 51 20 46 28 47 26 20 29 18 28 21 26 31 1519 15-1-53
27 33 27 49 1515 16-1-53
28 52 20 65 30 T1 28 45 27 54 28 60 27 40 27 25 27 29 1525 19.1.63
28 72 20 B4 20 24 56 27 60 31 25 28 25 24 17 26 19 1515 20-1.53
29 55 29 57 28 27 59 29 33 1520 21.1.53
1515 22.1-563
25 45 25 46 30 41 31 49 32 30 290 92 1524 23.1-62
27 20 28 21 1520 30.1-53
20 52 28 5T 27 43 29 43 30 37 29 27 28 353 26 35 27 21 26 24 1515 2.2.53
29 65 20 71 29 43 29 47 27 31 28 21 26 35 28 93 1511 5.2.53
25 38 25 85 1625 13.2.53
1508 16-2.53
25 66 1525 17.2.53
22 73 23 51 25 45 26 35 25 17 28 18 1540 13-3-53
1530 17-3-53
I 38 20 38 28 25 28 24 29 20 23 12 25 19 26 19 2 10 1636 20-3-53
30 13 20 17 290 19 22 5 23 6 20 8§ 1700 24.3-53
1703 31-3-53
26 25 28 17 1625 29-4.53
22 13 23 16 20 10 17 7 1600 5-5-53

dd in tens of degrees, vvin knots
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speed of 100 kts was reached at 21 km on 23
November. It is significant that a depression
formed in the Bay of Bengal quite soon after
the appearance of this strong wind in the
stratosphere. The role of such strong stra-
tospheric winds in the formation of evelones
or depressions, if any, can be established
only by further observations and study.

8. Vertical ecurrents and synoptic situations

Vertical currents should be expected to be
predominantly upward in (¢) the warm sector
of the confluence region of entrance to jet
streams (Namias and Clapp 1949, Murray
and Daniels 1953) and (/7) regions where
a low is intensifying in the lower levels and
a high is correspondingly building up  and
extending in the higher levels.  On the other
hand, they should be expected to he predomi-
nantly downward (ii7) near the core of jet
streams and (/v) in, regions where the anticy-
clone in upper levels is dissipating or gpread-

ng.

Situations of types (i) and (i7) can be re-
cognised by winds at Poona backing with
height and those of types (iti) and (iv) by
their heing steady or veering with height, so
long as the general direction is westerly, v.e.,
when Poona is on the northern edge of the
anticyclone. When the anticyclone is further
north and Poona is in the casterly regime,
veering of winds with height represents type
(#7) and backing type (7¢). For examining the
nature of the upward currents under these
different categories of synoptic situations, the
vertical currents have been sorted into threo
classes, ascending, negligible and descending
and the frequency of each class with hacking,
steady and veering winds have been shown
in Table 6. It will be seen that in most of the
cases, the currents are in the sense i which
thoy should be anticipated, except that with
veering and steady westerlies, more of the
negligible currents ought to
shown downward currents.

cases ]l:t\'l‘-

9. Temperature changes associated with the wind
pattern

Poona being a station with daily radio-
gsonde aseents, day-to-tlay  temperatures at

K. P. RAMAKRISHNAN ET AL.

TABLE &

Distribution of ascending, negligible and descending
current with backing, steady and veering winds

Negli-
gihle

Descend-
ing

Ascend-
ing
Funsterly  backing 4
e -atn-:ltl.'.'
5 veering
Westerly veering

~ steady

backing

various levels upto about 16 km are avail-
able. With a view to giving a picture of the
main  fluctuations of temperatures at the
different  levels associated with the wind
changes  discussed and deseribed carlier,
departures of temperatures at each level from
the normal for the season November tfo
February shown in Figs. 9 and 10.
Departures from normal were chosen in
preference to actual daily values, because the
changes at the different levels will be almost
masked by the larger changes from level
to level if the latter were plotted.

are

It is interesting to note that the surges of
stropger westerlies in the levels 10 km and
above are most often associated with high
temperatures at levels 12 to 16 km. The
l

iwher temperatures generally start a few
; wind speed.

|}
lavs before the inerease in
The spell of strong stratospheric westerlies
which preceded the Bay storm was alzo
associated  with high temperatures (6 to 10
deareas) in the levels 12 to 16 km.

10. Conclusions

(i) Vertical currents, going often upto 5
lem hr'. and on occasions to 10 km  hr!,
cecur in and near Poona during the winter,

(i/) The levels where they begin and end
are quite well-marked.
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(717) They are predominantly downward
below 3 km and above 18 km; between 4
and 18 km, they are predominantly up-
ward,
they

with

(iw) The sense of the currents is as
would be expected from their location
respect to the upper level anucvelones.

(v) Winds in the lower stratosphere were
easterly in the beginning of the season; once
they changed to westerly, apparently they
remained so till the end of the season.

(v7) Usually the maximum speed of the

westerly occurred at or below 14 km. In
one spell, however, the maximum occurred
at 21 km; and this was very soon followed by
the formation in the Bay of Bengal of a de-
pression, which eventually developed into a

K. P. RAMAKRISHNAN ET AL.

severe cvelonie storm.

(vit) The westerly winds near Poona in
the upper troposphere may strengthen due
to either («) surface depressions to the south
of Poona  with corresponding upper level
anticyclones bringing in a strong pressure
eradient pear Poona or () heightening of
the south-north temperature fall caused by
arrival of cooler air to the north with west-
ern disturbances,
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