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A study of vertical wind profile of the
tropical easterly jet stream over Madras
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ABSTRACT. Rawin observations for the months June to September during five consecutive year (1061-65) have
been analysed to study the vertical wind profile of the tropical easterly jet stream over Madras, Visakhapatnam and
Trivandrum. The main finding is that the stronger the tropical easterly jet stream, the higher isthe altitude of maximum
wind. This is just the opposite of the author’s earlier finding in the case of sub-tropical westerly jet stream where
the stronger the jet maximum the lowerisits level of ocourrence. Itis also seen thatthe tropical easterly jet strengthens
a8 one moves towards south from Visakhapatnam to Trivandrum while the level of its occurrence lowers,

1. Infroduction

The occurrence of an easterly jeb in the northern
summer over’Arabia along 15°N near the tropical
tropopause was pointed oub by Suteliffe and Ban-
non (1954). Koteswaram (1958) found that the
easterly jet extends over nearly half the globe
from the east coast of China to the west coast of
Africa with its core roughly along 15°N at aboub
15 km and that the level of maximum wind slopes
upwards towards the north over the Indian sub-
continent (Koteswaram 1969).

The strength of the easterly jet in relation to the
height of its core is examined in the present note.

2- Method of analysis and presentation of data

2.1. During the period under consideration
(1961-65), 429 ascents of Visakhapatnam, 703
of Madras and 888 of Trivandrum with winds
2260 knots were available. These were grouped
into the following three categories depending upon
the value of the maximum wind reported in the
observation, for facility of handling the data,

Category 1 : Ascents with max. wind speed
2100 kmots,

Category 2 : Ascents with max. wind speed
80 knots and <100 knots.

Category 3 : Ascents with max, wind speed
<80 knots. ;

It is seen (Table 1) thab ascents of Category 3
are more common over Visakhapatnam and Mad-
ras during the period June to September than
ascents of Categories 1 and 2, while in the case of
Trivandrum the ascents of Category 2 are more
common. A comparison between the three stations
shows that the number of ascents of Category 1
in the case of Trivandrum is nearly twice that of
Madras and more than five times that of Visakha-
patnam, The number of ascents of Category 2
of Trivandrum is nearly one and half times that of
Madras and three times that of Visakhapatnam.
The number of ascents of Category 3 of Trivandrum
is nearly the same as that of Madras and roughly
one and half times that of Visakhapatnam. The
total ascents of the three categories together, in
the case of Trivandrum are more than one and
quarber times that of Madras and more than twice
that or Visakhapatnam. In other words, winds
260 knots over Madras are more frequent as
compared with Visakhapatnam and less frequent
as compared with Tirvandrum.

The relative percentage frequencies of the three
categories are given in brackets in Table 1 for
each station.

2.2. In Table 1 are also given the mean and
median scalar values of the maximum winds and
their heights for the three categories separately
and for the 3 categories together.

The mean/median values of the maximum winds
over Madras during June to September exceed
well over 75 knots. Taking the percentage fre-
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TABLE I

No. of rawin

Wind speed (kt) of the

Ht. (km) of the lovel of

Category Station ascents max. wind maximum windd
(1061-65) PRI | TS RS i T -,
Mean Median Mean Median
1 Visakhapatnam 21 106-6 106-0 16-06 15-92
(4-9)
Mudras 35 107-4 106-0 1593 15-86
(7°8)
Trivandrum 109 109-9 107-0 15-16 14-901
(12-3)
2 Visakhapatnam 135 87-7 870 16-01 1570
(31-5)
Madras 265 87:7 R87+0 1526 15-20
(37-7)
Trivandrum 404 88:2 87-0 14-80 1466
(45+5)
3 Visakhapatnam 273 69-0 690 15-26 15:33
(63-6)
Madras 383 697 70-0 14:79 14+56
(54°5)
Trivandrum 375 70-2 7040 14-13 13-96
(42-2
Three categorics Visakhapatnam 429 76-7 TL:0 15-54 1550
together Madras 703 79-4 78:0 15-06 14-98
Trivandrum 888 83:3 780 14-38 1446
TABLE 2
Speed (kt)
Height — - E— - e ——
(km) 60—69 7079 80—89 90-99  100—109  110—119 120129 130139
2b 1
24 1
23 2
22
21 1 1 1
20 1 1 1
19 1 2 1 1 1
18 7 4 i 3 2
17 19 13 10 13 11 3
16 20 24 L5 2 13 4 1
15 41 71 61 37 0 3
14 45 57 30 14 G
13 22 29 18 2 1
12 12 4 1
11 2 2
10 1
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quency of ascents of (ategory 3 also into consi-
deration, it is reasonable to expect maximum wind
speeds of about 70-80 knots over Madras on more
than half the number of days during the four
months June to September. In the same manner
taking the percentage frequency of ascents of
(ategories 3 and 2 into consideration, it is reason-
able to expect maximum wind speeds of aboub
76 o 77 knots over Visakhapatnam on nearly two-
thirds the number of days and 83 to 84 knots over
Trivandrum on nearly half the number of days
during the 4 months (June to September). The
highest maximum winds reported at Madras was
132 knots at 189 km, over Visakhapatnam the
highest maximum winds reported were 122 knots
ab 16-4 km and over Trivandrum 148 kb ab 19-2
km respectively. Since all ascents did not record
the maxima during this period, it is possible that
some higher values were missed at these stations,
No conclusions can , therefore, be drawn about the
latitudinal variation of the highest wind speeds in
the easterly jet streams,

2.3. Tt is seen from the mean/median values of
the maximum wind speed and the levels of their
oceurrence, separately for the three categories
as well as for the three categories together, thab
they increase as one moves southwards from
Visakhapatnam to Trivandrum while the height
of the level of maximum wind decrease (Table 1).
Thus, the tropical easterly jet stream strengthens
as one move towards south froms Visakhapatnam to
Trivandrum, while the level of its occurrence
lowers,

9-4. The mean and median values of the maxi-
mum wind speeds and heights of their levels, in the
case of Visakhapatnam, Madras and Trivandrum
for the different categories of ascents, as well as
for all the ascents taken together (Table I), are
seen to be very close to each other suggesting a
symmetric distribution of the individual values
about the mean.

2.5, The mean heights of the level of maximum
wind relating to the three categories of flights over
Madras (Table 1) suggesting a significant relation-
ship between the maximum wind speeds and the
heights of the levels of their occurrence, for Cate-
gory 1 with maximum wind speeds exceeding 100
knots, the mean heights of the level of maximum
wind is 15+9 km, while for Categories 2 and 3 with
lower wind speeds, the mean levels are 15-3 and
148 km, respectively. The same relationship bet-
ween the three categories in the case of Visakha-
patnam and Trivandram can be seen. It  thus
appears that the stronger the tropical easterly jet
stream the higher is the altitude of the maximum
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Fig. 1. Mean vertical wind profiles of the three
categories of ascents over Madras
wind, This is just the opposite of the author’s
(Mokashi 1969) earlier finding in the case of sub-
tropical westerly jeb stream that the stronger
the sub-tropical wesberly jet stream the lower is
the altitude of the maximum wind.

2:6. Table 2 gives the frequency occurrence of
maximum wind speeds over Madras in ranges of
10 knots from 60 to 139 kb.

The level of maximum wind in the speed ranges
60-69, 70-99, and 100-129 knots has frequency
maxima near 14, 15 and 16 km, respectively,
leading to the inference that the stronger the
tropical easterly jet stream, the higher is its
altitude.

3. Veriical wind profiles

3:1. The mean vertical wind profiles of the
three cabegories of ascents over Madras are depict-
ed in Fig.1. The mean profiles are drawn by picking
oub values of wind speeds at one km interval from
9-0 to 24+0 km above m.s.1. for each of the ascents
and evaluating their means which were then plott-
ed for the three categories, The peak values shown
by the mean profiles fall short of the mean values
given in Table 1, due to the variance in the levels
of maximum wind from flight to flight. The mean
profiles for the categories 1 and 2 are identical till
about 112 km and ab this level the mean profiles
for the three cabegories branch out till they come
closer ab about 21+0 km, The heights of the peak
values for Categories 1, 2 and 3 show the relation
between the jeb maximum and its level of occurr-
ence as discussed above,
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TABLE 3
Various parameters for maximum winds (winds _- 60 knots) over Madras

Level No. of Mean Mean Mean Mean Direction Standard Standard Standard Sz Sieadi-
observa- zonal  meridional sealar vector  of mean  deviation deviation vector Sy ness
tions comp. comp. wind wind vector of the of the devia- factor
wind comp.  meridional tion
comp.
(km) ) (8x) (Sw) (%)

Category 1: 1 100 kts

12:0 51 44-1 47 458 445 080 13-2 10-7 171 1-23 947
12:5 50 480 54 493 48+4 084 14:0 50 16-7 1457 98
130 50 52'8 GG 54-4 534 083 14:0 9-7 17-1 1-44 98
13-5 50 600 7-2 G1-2 606 083 14-4 99 17-5 1-45 99
14-0 52 67-0 il 684 672 085 161 12:6 20-4 1-28 98
14'5 52 72°5 3.7 738 72-7 087 146 138 200 106 99
150 51 78-1 45 791 783 087 153 12-4 106 1-23 99
155 50 80-2 21 81-6 804 088 16-1 14-6 21-8 1-10 99
16-0 47 81+4 08 82-6 816 089 17-7 14-2 22-5. —1-25 99
16-5 44 773 20 785 77-5 089 22-0 13:2 256 1-67 99
7-0 38 765 12 7749 76-7 090 256 14-4 29-5 1-78 98
b}
v
Category 2 : =80 and <100 kt
12:0 252 42'5 1-4 439 42-7 089 14:0 10+1 171 1-39 97
12'5 252 4744 1-9 489 48-2 088 14-4 10:9 18-1 1-32 99
13:0 252 536 35 54°8 540 087 146 105 17-9 1-39 99
135 250 581 39 59-3 59+0 086 14:4 10-9 15-1 132 99
14:0 248 637 3-0 65°1 G1-5 086 12:8 115 17-3 J=3] 99
145 238 G8-4 3-1 69-5 GY-0 087 126 12-2 17-5 1-03 99
15-0 236 704 L0 723 i B (88 13-4 13-2 186 ~1-02 99
155 224 67-8 —0+6 G990 650 091 14-2 126 158'8 1-13 99
16-0 216 G4+ —0-8 G662 655 090 16-9 12-8 21:2 1-32 99
16-5 202 59°6 —l-4 606 GO ) 092 17:9 11'5  21:2  1:56 99
17-0 164 538 —1-7 548 54+0 092 186 101 21-4 1-84 99
! \'—J
Category 8 : < 80 kt 4
12-0 350 383 2-9 39-8 38.5 086 13-0 99 16-3 1-31 97
12-5 345 43-5 33 45-1 44-0 087 138 101 1= 1-37 98
130 337 47-2 39 486 480 086 13:6 1045 171 1-30 99
135 326 511 39 526 52:0 085 13-0 11-5 17-3 113 99
140 321 550 2:9 56+3 55°8 084 12-8 11-7 17-6 1-09 99
14+5 280 67 1-4 579 570 088 10+ 9 11-7 159 093 98
15.0 269 56+9 04 a48-4 370 089 10°7 11+3 15°5 0:95 97
156 243 54-6 —1+0) 557 5500 091 122 10:7 163 1-14 99
16+0 231 50-0 —2'5 519 5l-2 092 136 10-5 17-1 1.30 09
165 202 46-2 —2:1 470 4645 093 15-2 89 17-8 1-71 99
1740 171 _41-4 —04 42-9 41+5 001 15-7 §-4 17+9 1-87 98
Three categories together
12-0 653 40-4 2.5 42+0 41-0 088 13+6 10-1 169 1-356 98
125 647 455 2+9 468 46+0 087 14-2 10-3  17-5  1:38 98
130 G639 a0+1 3-9 51-7 L0 087 14+ 4 105 17+7 1-37 99
13+5 626 546 4-1 559 555 086 14-2 11-1 181 1-28 99
14-0 621 596 35 G0-8 G60-2 087 140 117 18.3 1-20 99
14+ 576G 62-0 2:3 G4-1 635 088 13-6 12:0 18+1 1-13 99
150 556 G4+9 1-0 662 650 080 14-6 12:2  19:0  1+20 98
155 517 62-7 —0+6 G390 630 091 15-9 120 198 1-33 99
16.0 404 598 —1-4 51-2 600 092 18-3 11-8 21-8 1.55 98
165 448 504 —1-4 56-3 558 092 10-6 1007 223 1-83 99
17-0 373 50.5 —0-8 51+5 50-8 001 21-2 9:9 23-3 2:14 99

Note : Sign com'entirnn for wind components—Wind components from East] and{North are designated as positive while
wind components from West and South are designated as negative. The unit for wind speed is knot,
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3-2. Percentage frequencies along the vertical
of the levels of maximum wind for the 703 ascents
taken. up for study are shown in Fig. 2. The highest
percentage frequencies of the levels of maximum
wind for the Categories 1, 2 and 3 occur at about
16-3,15-2and 146 km respectively.

3.3. The verbical wind shears calculated for the
different levels between 9-0 km and 24-0 km,
separately for the three categories are depicted in
Fig. 3. The wind shear is lowest at about 16-2, 152
and 14-6-km level in the case of the (‘ategories 1,
2 and 3 respectively. This shows that the stronger
the jet maximum, the higher its level of occurrence,
It may be seen from Fig. 3 that the highest values
of wind shear are in Category 1 and the lowest in

Category 3.
4. Statistical Parameters

4.1. Statistical parameters of upper winds
for the levels 120 to 170 km. above m.s.1. have
been computed at intervals of  km It is not possi-
ble to geb a correch picture of the mean maxi-
mum wind and its corresponding height from the
wind data for standard levels. The original rawin
trajectories were therefore re-analysed and wind
data tabulated at closer height intervals of
4 km to geb over this difficulty. Table 3 gives
the various parameters for the three categories of
ascents separately and for the three categories
together, in respect of Madras for June to Septem-
ber (1961-65).

4.2, The highest values of mean zonal compo-
nent, mean scalar wind and mean vector wind are at
16-0, 15-0 and between 14-5 and 15-0 km in the
case of the Categories 1, 2 and 3 respectively (Table
3). The figures confirm that the stronger the tropi-
cal easterly jeb stream, the higher is the altitude
of maximum wind.

The highest values of mean zonal component,
mean scalar wind and mean vector wind for the
three categories together (Table 3) are 65-66 knots
at 15:0 km. In other words the average core of
easberly jet over Madras, during the period June-
September 1961-65 is at 15-0 km and its speed
65-66 knobs.

4:3. The easterly jeb stream is very steady
(sbeadiness factor nearly>979). The standard vec-
tor deviation is nearly 30 per cent of the resultant
wind vector and the ratio of the standard deviation
of the zonal component to that of the meridional
component is of the order of 1. The author (1969)
has found that this ratio (Sz/Sy) in the case of the
sub-tropical westerly jet stream (over Delhi) is
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of the order of 0-6. This would imply that in the
wesberlies of winter season, troughs and ridges are
a predominant feature, while they are not so
predominant in the summer easterlies over the
Indian Peninsula.

5. Diseussicn

It is interesting to examine the reason for stron-
ger westerly jets of winter occurring at lower alti-
tudes, as well as for the stronger easterly jets of
summer occurring ab higher altitude. The jet
maximum is due bo thermal wind building up with
height until the horizontal temperature gradient
evens oub or reverses. Its strengthening is , there-
fore, associated with increase of meridional tem-
perature gradients. In the case of the sub-tropical
westerly jeb over northern India in winter, the
temperature gradient decrease is towards north
and is strong in the lower layers over the north
India, With the arrival of cold air from the north,
polar out-breaks associated with lower tropopauses
(about 12 km), the gradient in the lower layers
increases further, building up a stronger jeb at a
lower level, In summer the temperature gradient
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is directed towards south building up an easterly
wind, bub the gradient is weak and the tropopause
occurs ab a greater height (about 16 km). In-
crease in the temperature gradient should bhe asso-
siabed with warm air outhreaks from the north
and the associated higher tropopanses, The above
explanation is offered as a tentative one pending a
close examination of individual cases. Therefore
easterly jets reach their highest speed ab"greater
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heights,
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