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Vertical wind shear in the lowest layers of the atmosphere
over Thumba during winter months—A preliminary study
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ABSTRACT. Vertical wind shear in the lowest layers of the atmosphere over Thumba —an
oquatorial station — has been studied. Wind data from the surface up to 200 ft were collected
at different altitudes (8, 31, 56, 134 and 200 ft) during the months December 1963 and January

1964, for the above study.

Analysis reveals that appreciable wind shear exists very close to the

surface, i.c., in the layer up to 31 ft. On the other hand, in the layer 31—200 ft, the shear values

are not considerable,

Tt is further observed that the shear magnitude reaches maximum in the

afternoon. The frequency of oocurrence of shear magnitudes more than 10 kts/30 m (which, as
indicated by ICAO, is important for supersonic transport operation) is high in the lowest layer round

asbout 1430 [ST during the winter months,

1. Introduction

The Third Session of the Commission
for Aeronautical Meteorology held recently
in Paris has recommended the studyv of
vertical wind shear in the lowest layers
of the atmosphere —such study being of
great value in the design and operation
planning of supersonic transport. The Com-
mission has noted (WMO/CAeM-11I 1964)
that vertical wind shearis of interest not only
to pilots but also for satisfactory operation
of automatic landing devices. Keeping this
in view, a study of the vertical wind shear
was undertaken at Thumba. Thumba Equa-
torial Rocket Launching Station (TERLS)
is sitnated on the Kerala Coast of South
India, a few miles north of Trivandrum.
Its geographical co-ordinates are Lat. 08
32" N and Long. 76° 52" E. A 200-ft meteo-
rological tower facilitates wind observations
at different altitudes. The meteorological
tower and a 58t met pole are situated
very close to the sea. Distant Indicating
Wind Equipment (DIWE) instruments have
been installed at heights 31 and 56 ft on the
met pole and on 12 ft booms at heights
54, 134 and 200 ft on the met tower. For
the construction of the wind profile the
surface (8 ft) wind data, wind data from the

DIWE on the met pole at 31 and 56 ft and
those from the met tower at 134 and 200 ft
have been taken. The general vegetation
in the area consists of coconut trees of
average heights 30—35 ft. On the landward
side a semi-circular area of radius 250 ft
around the met tower, and an area of radius
150 ft around the met pole have been cleared
of trees and other obstacles. The terrain
is sandy and flat.

The installation of wind intruments on
the tower has been made to suit the con-
venience of maintenance and servicing, and
a planned height distribution has not been
maintained.

The wind observations were recorded at
six synoptic hours 00, 03, 06, 09, 12 and 15
GMT during December 1963 and January
1964,

2. Resulis

The mean wind speed and direction profiles
have been constructed (Figs. la, 1b, 2a
and 2b) from the monthly mean wind data
for the six synoptic hours for the months
of December 1963 and January 1964. Polar
diagrams have been constructed showing
the vectorial wind shear in different slahs,
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Fig. 1(a). Mean fower wind speed profile for December 1963
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Fig. 1(b). Mean tower wind direction profile for December 1963
In Figs. 1{a) and 1(b) —=1,2,3,4,5 and G rofer to 00, 03, 08, 09, 12 and 15 GMT respectively

At each hour of observation. the wind shear
vectors for the various glabs are presented
(Figs. 32 and 3b). Frequency tables have
been constructed, generally on the lines
recommended by the ICAO Conference.
The N and B components of shear in the
various slabs have been considered sepa-
rately, The frequencies of oceurrence of
these components are presented in Tables
1 and 2. It should be emphasised that these
frequencies are based on data for winter
months during one year only. The vertical

time sections of the mean N and E velocity
components of the actual winds are pre-
sented in Figs. 4(a) and 4(b).

3. Discussion

The component winds from surface up
to 56 ft are very light (2-3 kts) till abont
0830 IST and strengthen thereafter to the
maximum magnitude (5-6 kts) round about
1430 IST (Figs. 42 and 4b). This variation
is no doubt associated with the incoming
solar radiation, In the early hours of tha
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Fig. 2(a). Mean tower wind speed profile for January 1964
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Fig. 2(b). Mean tower wind direction profile for January 1964
In Figs. 2(a) and 2(b)— 1, 2, 3, 4, 5 and 6 refer to 00, 03, 06, 09, 12 and 156 GMT respectively

day, the wind generally increases with height
above 31 ft (Figs. la and 2a). In the mid-
day and afternoon hours, it appears from
Figs. 1a and 2a, that the wind speed generally
increases with height up to 56 ft. Above
56 ft, there appears to be either no wind
gradient or a slight negative wind gradient
extending up to 134 ft. Above 134 ft there
is a general tendency for wind speed to
increase. The velocity profiles, in general,
do not appear to fit in with a power law.

From Figs. 3a and 3b, the following in-
formation is revealed — In the layer 8-31 ft
shear magnitude is maximuym at

1430-

IST in both December and January, the
values being 17-2x 10-2 sec-1 and 22+1 % 10-2
sec-! respectively. It may be noted that the
average shear value at 1430 hrs in December
is approximately equal to 10 kts/ 30m — the
figure indicated by ICAO as of importance
to SST operation—and the average .
value for January exceeds this figure, It

is also worthy of note that the directions
of the wind shear in the layer8-31ft appear
to be confined to the sector 215°—260°,

In the layer 31 56 ft maximum shear
in December occurs at 2030 hrs whereas
in January it occurs at 1730 hrs. In this
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Fig. 3(b), Distribution of mean vertical wind shear for January 1964
Tn Figs. 3 (a) and 3(b) — 1, 2, 3, 4, 5 and 6 refer to 00, 03, 06, 09, 12 and 15 GMT respectively
Lavers A —8 to 31 ft, B—31 to 56 ft, C — 56 to 134 {t and D — 134 to 200 {t

layer the wind shear docs not appear to Even from a casual look at Figs. 1(b) and
be confined within any narrow limits. 2(b) and also at 4(a) and 4(b), it is evident

In the laver 56134 ft maximum shear that the transition in winrl‘ f"wld takes place
occurs at 0530 hre althoush in January round atl)nlut ]l)(ll‘) hrs, This tll'illl.‘-‘l“()ll 18
. © . doubtless linked with the onset of sea breeze.

the magnitudes of the S]ll'i];' B ti“ be dis- It must be remembered that the actual
tributed almost  uniformly  with  time. . . : : :
‘Fln'l.ltl(-r. in t?]is ol sl dutip “te \\'mfl at_any time is tl_m. vectorial combhi-
whole day the shear appears to be confined pation of the g}'ndlqut \\.‘md. duncta e pre-
5 ol =Sy i ' vailing synoptic situation, and the anti-
iy direction it the' sector 040°—100". triptic wind at the coast. Studies of such
In the layer 134-—200 ft the shear magni- transitien have been made by Ramdas
tude is maximum at 0530 hrs, The direction (1931) and Ray Choudhuri (1948). It must
of shear appears to be confined to the sector  be mentioned here that the coust line at
235°-045° (through north). Thumba runs along direction 1457 to 3257,
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TABLE 1

Frequency table showing N and E component shear values in different slabs
in the layer 0200 ft over Thumba — December 1963

Height intervals
A

Time of Shear —— .
observation kts 30m 31'—8 56'—31" 134" —o6" 200°—134"

(GMT) A p T e ey, TRAE PR
E N E N E N E

4

0000 0— 3
4— 6
— 9
10—12
13—15
16—18
19—24

0300 0— 3
4— 6
7— 9
10—12
13—15
16—18
10—24
25—30
0— 3
4— 6
77— 9
10—12
13—15
16—18
19—24
25—30
0— 3
4— 6
—9
10—12
13—156
16—18
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25—30
31—36
37—42
0— 3
4+— 6
-9
10—12
13—15
16—18
19—24
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31—36
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Note: This frequency table for December is based on data of only one year
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TABLE 2

Frequency table showing N and E component shear values in different slabs

in the layer 0—200 ft over Thumba

January 1964

Height intervals

Time of  Shear —— S = e ) o
observation kts; 30m 31°—5¢ ati'—31’ 134'-—06*
(GMT) ——r——, —A—— —r—
N E Y5 E N E

QU0 u— 3 20 16 al 18 28 25
4— 06 s (] 4 2 3

T— ) 1 3 2 I 0 2

10—]12 1 3 2 2 1 i

13—135 0 1] 1) 0 0 i

16—18 ] 0" 1 i 1 i

10—24 0 0 1 1 0 0

0300 U— 3 15 5 24 149 26 26
4— B 4 = 2 1 2 2

i— 1) i 7 1 } 0 1]

10—12 1 3 1] 1] 0 0

13—15 1 1] 1 0 (0 0

16—18 [l 2 0 | 0 0

19—24 [} 1l 0 1 0 0

CBLO 00— 3 I | 20 14 22 14
4— 8 4 o o [} a hJ

— 0 3 4 3 3 1 0

1—12 3 3 0 0 0 |

13—15 t 3 1] 0 0 1]

16—18 1 3 0 0 0 0

1924 7 i 0 0 0 0

25—30 0 1] i 1] 0 {

31—36 0 1 1] (0 0 (0

QOO0 — 3 3 u 11 13 23 20
14— 6 0 1 ] ) 6 8

— 1 2 1 7 4 0 0

10—12 | 3 1 1 1] 0

13—15 2 2 0 0 0 0

16—18 3 5 0 1 0 0

19—24 7 G 0 0 0 0

25—3 7 S 1] 0 0 0

3130 1 2 0 " 0 0

37 —42 0 2 ] 1] 1] 0

13—48 1 1 1] 1l 0 0]

1200 00— 3 4 b 18 20 24 24
— 6 3 3 b ] 4 +

T— 5 3 1 2 0 0

10—12 1 1 | 1 0 0

13—15 4 2 0 0 0 0

16—18 4 a 1} 0 0 0

10—24 6 7 1l 0 0 0

25—30 1 2 0 1] 0 0

31—36 il 2 0 ( 0 0

37—42 1] 1] 0 1l ) 0

43—48 (1] 0 0 0 [} 0

15300 00— 3 15 10 2 20 a8 26
+— 6 3 3 " 7 0 2

i— 9 2 i 1 | 0 0

10—12 1 0 0 0 0 1]

13—15 1 () 1 1 0 ()

16—18 2 2 1 0 0 0

19—24 0 5 0 0 0 0

25—30 2 1 0 1] 0 1

o § 1} 1 1 0 0 1] ]

2000134
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Note: This frequency table for January is Lased on data of only one year
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and so the direction of the antitriptic compo-
nent should be along the direction 235°-055°,
Further, December and January are rela-
tively cloud-free months, during which the
sea-breeze effect should be pronounced.

If attention is focussed on the lowest
slab, below 31 ft (i.e., shear vectors marked
A in TFigs. 3a and 3b), it is observed that
the shear value jumps more or less suddenly
between 0830 and 1130 hrs. The increaged
value of shear is more or less maintained
up to 2030 hrs. The explanation appears
to be the following. The normal wind at
31 ft in December and January at Thumba
is I'ght westerly. At night, owng to land
breeze this wind is reduced or becomes

light easterly—the shear in the layer surface
to 31 ft being kept low. Between 0830 and
1130 hrs sea breeze commences and the
normal light westerlies at 31 ft strengthen
enormously. This causes a large increase
in the shear value in the lowest slab.

Following the recommendation on Agenda
Item 11 of Commission of Aeronautical
Meteorology (Third Session, 1964), frequency
tables have been constructed., The frequency
tables for December and January (Tables
1 and 2) indicate that the N and E com-
ponent wind shear of magnitudes more than
the value 10 kts/30m occur at all times in
the layer 8-31 ft, the maximum frequencs
being in the afternoon. At other slaby
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(31—200 ft) the shear wvalues are mostly
confined to the class intervals 0-3 kts or

4-6 kts/20m and the number of oceurrsnces
of shear 10 kts/30m is very few.

A study of the elimogram for Trivandrum
reveals that the wind speed at lower levels
up to 0-3 kmis very weak during the months
December and January. Morning surface
wind is calm almost on all the days. Our
observations fit in, in general, with the cli-
mogram.

The climograms for the other months
are markedly different — in partienlar during
the months June to September the wind
speeds are high. It is to be expected that
the frequency of high shear values will
increase considerably when the above ana-
lysis is made during the smmmer and mon-
soon months,

4. Conclusion

During the winter months

and January, significant  wind

December
shear s
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observed in the layer 53-31 ft, especially in
the afternoon period. In the other layers
(31-200 ft) the wind shear is generally low.
The study is being continued during the other
seasons when it 1: expected that the freque-
ney of occurrence of significant shear will
be much higher. The relationship between
the shear and temperature profile will be
investigated as soon as proper temperature
sensors are installed at various levels on the
meteorological tower.,
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