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Zonal wind circulation and vertical temperature distribution
along the Indian longitudes during the monsoon
and winter seasons

D. A. MOOLEY
Regional Meteorological Centre, ] Vew Delli
(Received 28 June 1954)

ABSTRACT. The study is based on all the available wind and temperature data for 1944.49, Sections of
geostrophic zonal wind and temperature and of observed zonal winds have been prepared. Frequencies
of strong winds (speed 70 knots or more) along the section have been worked out for the different lati-
tudes. The chief features of the monsoon sections are—(i) Generally small latitudinal temperature variation
upto 300-mb level and an appreciable variation ot 200.mb and 150-mb levels in Madras-Nagpur and
Nagpur-Jodhpur sectors (ii) Strong easterlv winds south of 15°N at 14 km and above. The chief features
of the winter sections are—(i) An appreciable latitudinal temperature gradient between Poona and  Peshawar
upto 400-mb level and reversal of gradient above 200-mb level as observed by others, (ii) Strongest
zonal (west) wind near 23°N and a secondary wind maximum apparently near 30°N and (iii) A fairly high
frequency of strong winds between 21° and 31°N. From a consideration of the frequency of high winds, a
well-marked jet south of 20°N seems unlikely. A comparative study of the various mean sections indicates
that during winter, jets in the northern hemisphere are found over a much wider latitudinal belt than in
the southern hemisphere and during summer, the westerly jets in northern hemisphere are much weaker

than those in the southern hemisphere.

1. Introduection

The vertical cross-sections of the atmos-
phere prepared by Venkiteshwaran (1950)
for longitude 78°E across India for winter
and monsoon seasons on the basis of data
for a large number of years indicated a maxi-
mum westerly wind of 40 mps near latitude
28°N at about 13 km during winter and a
maximum easterly wind of the same speed
near 10°N at 16 km during summer. Chau-
dhury’s (1950) cross-section for Indo-Pakis-
tan, representing mean winter conditions
for 1946 along longitude 76°E, showed a
doable maximum of geostrophic zonal wind
—one with westerly 70 mps near 31°N at
200-mb level and the other (designated by
him as ‘Equatorial Jet’) with westerly 40
mps between latitudes 13°and 18}°N at
nearly the same height. The mean winter
cross-section representing conditions over
India, Pakistan and Burma prepared by
Koteswaram, Raman and Parthasarathy
(1953) shows the existence of geostrophic

zonal wind maximum of 53 mps near 27°N
at 200-mb level. In connection with the Equa-
torial Jet of Chawdhury, Koteswaram and
co-workers have pointed out that Poona
temperatures and consequently the heights
of the constant pressure surfaces, during
the winter of 1946 were too low and hence
geostrophic winds between 13° and 181°N
were high and they have concluded that
there is definitely a single mean jet stream
over the country at about 27°N and none
over lower latitudes,

Gibbs (1952) has shown the existence of
double maximum of geostrophic zonal wind
across 150°E during winter—one at 29°§
and the other at 20°S , both having the spme
speed and the same height.

To study conditions during the monsoon.
cross-sections Colombo to Peshawar givin
temperatures and calculated (geostrophic)
and actual zonal winds based on the dats
of stations lying between T711° and 801°E
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and between latitudes 77 and 35°N were pre-
pared for the monsoon months. July
August. Similar  cross-sections  have
been prepared for the winter months (mean
of January and February).
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Observational data

2-1. Temperature—Temperatuve data for
all radiosonde stations for January, February,
July and August for the vears 1944-19 in
respect of evening ascents only have been
considered as indicated in Table 1.

All the stations lic within the longitudinal
range 711 to 804°E. The time of ascents
varied from 1300 to 1700 GMT and the data
may be considered as those relating to 1500
GMT, the mean time of ascents. Dur-
ing July and August 1948, radiosonde ascents
were made in the morning at 0360 GMT and
these data have not been considered.

2-2. Wind—The available wpper wind
data for January, February, July and August
for the years 1944-49 for 0900 GMT only
for all the pilot balloon stations Iying within
the same longitudinal range, viz., 711° to
804°E, have heen considered. The stations
are shown in  the map of India (Fig. 1).
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Data for the followi tations were available
{i 1) Y --l_l irter 1.,»;-1‘ " 1_

Drosh 1444-47
Suratgarh 1944-46
Bikane 1947-49
Rajsamand 1944-47

19485-49
1947-49

Udaipur
Anantapur

3. Tahulation and analysis of data

31 Pemperature ond  Tumidity—The data
were extracted from the Indian Daily Weather
Reports for the years 1944-49. In a few cases,
data were not available in LDAV.RR. and
they were obtained from the records of
plotted T- > grams. As the main purpose is
to study the distribution of temperature and
wind above G g only those days on which
ascents reached 500-mb level or higher were
cossidered. Daily values of temperature for
eaclt station were tabulated for the suriace
level and pressure levels 1000, 200, 850, 800,
700, 600, 500, 400, 300, 250, 200, 150, 100,
80 and 60 mb. Relative humidity was tabu-
lated upte 500-mb level since on account of

TABLE 1
Years tor which data have been

used
Serial  Station Lat. | one, Heieht r A -
No, (N) (] ometres)

Winter Alonsoon

1 Peshawar 345 0l 710 35 335 1944-47 1904446 (Also «

week’s  data for

July 1947
2 Multan 30 12 71 31 124 1946 and 1945

I'eb 1045

3 New Delhi 28 35 77012 217 194444 104447 and 1949
4 Jodhpur 26 18 73 0l it ) 104749 1946-47 and 1949
A Nagpur ar ob 70 07 af2 16547 -49 147 and 1949
6 Poona Is 32 5ol 2ot 1945-49 194447 and 1949
7 Madras 13 o4 S0 1a 16 1947-40 1946-47 nnd 1949
8 Trivandrum s 24 6 a7 Gl LO4S-40 1047 and 1949
9 Ratmalana 06 54 70 32 7 194546 1945

(Colombao)
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low moisture content of air ahove this level
virtual temperature corrections are negli-
gible. Tor stations where marked ground
inversion of temperature is a rule during
winter, daily mean temperature between
ground and 900-mb level was also tabulated
and the average of these daily mean tem-
peratures for ground—900 mb layer was used
in the calculation of the mean height of
900-mb surface instead of the average
of mean temperatures at surface and 900 mb.
Mean virtual temperatures upto 500-mb
level were obteined for each of the radio-
sonde stations. Mean values of temperature
and humidity for each of the stations for
the various pressure levels are given under
Tables 2 and 3 for the monsoon and winter
respectively. Number (n) of temperature
values available at each of these levels is
also given in these tables.

Annual seasonal means for monsoon and
winter as well as the range of the annual
means for each of the levels from 900 to 100
mb for New Delhi and Poona were caleulated.
The values are given under Tables 4 and 5
for monsoon and winter respectively. The
number of observations available for each
level is given within brackets. New Delhi
was considered as representative of the
northern radiosonde stations and Poona,
representative of southern radiosonde sta-
tions. A study of Tables 3 and 4 shows that
there are considerable variations from year
to year.

3-2, Caleulation of  zonal  geostrophic
winds—Geostrophic winds were calculated
for latitudes north of 13°N from the slope of
the isobaric surfaces for levels upto 100 mb.
From the mean virtual temperature dis-
tribution, heights above mean sea level of
the various constant pressure surfaces were
obtained for Peshawar, New Delhi, Jodh-
pur, Nagpur, Poona and Madras. Longitudi-
nal separation between two successive sta-
tions from Delhi to Madras in the order of
decreasing latitude would be more than the
latitudinal separation; in some cases it may
be almost double, e.g., between New Delhi
and Jodhpur, Nagpur and Poona. This factor
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is likely to influence the geostrophic wind
if slopes (given by height differences) of the
constant  pressure surfaces hetween two
successive stations in the order of decreasing
latitude are considered. Theoretically, there
should be no objection to considering suc-
cessive stations provided the wind is en-
tirely zonal, the distribution of data in res-
pect of space and time are identical and
instrumental errors in the temperature data
are absent. Wind is predominantly zonal
above 6 km and for latitudes north of 15°N:
but the distribution of data is not symmet-
rical and instrumental errors are not absent.
The geostrophic wind was, therefore, cal-
culated for the two sections—one along
Peshawar, Jodhpur, Poona and Trivandrum
and the other along New Delhi, Nagpur
and Madras. The stations along these two
sections differ very little in longitude. Winds
along one section were superposed over
those of the other section, Thus a section
of the zonal geostrophic wind extending
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TABLE
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Mean temperature and humidity during monsoon

Station

Peshawar
Multan
Delhi
Jodhpur
Nagpur
Poona
Madras
Trivandrum

datmalana

Peshawar
Multan
Delhi
Jodhpur
Nagpur
Poona
Madras
Trivandrum

Ratmalana

{1

—

H T

70 301-8
(161)
83 208-5
(104)
s 2995
(410)

1]

2560
0

560

(-H))

3200

(15:3)

T 2070
97)
S0 2045
(2843)
70 2066
(1G1)
S22 0
( LOM3)
s 2020
(411)

Pressn mbh
w0 s TN W) 200
— —_ = - _‘_,.7 —_—— r——A-——“
I | I 7 H /| H T H T
i 4 6B 2044 35 28746 35 2796 40 269-9
1533 133 (153) (153) (152)
Bl 2970 a5 202-8 63 254-9 ol 276-4 10 267-0
(54 (33) (33) (53) (33)
T 2060 50 2020 79 285-3 70 278-1 65 270-1
(278) (278) (278) (278) (278)
73 205:2 70 20149 G0 285-8 70 2779 63 2700
(153) (153) (151) (153) (152)
7 243 70 2008 70 284-7 70 27841 70 2704
(96) (94G) (M5) (06) (16)
B85 2016 83 280-0 G5 2844 G5 277-5 G 2060-6
(286) (256) (286) (285) (286)
T 2081 80 289-3 75 282-3 70 275-0 70 266-9
(161) (161) (160) (159) (138)
s 20005 75 2850 G5 2830 G0 2755 . 20065
(106) (103) (104) (104) (104)
T3 2000 70 2870 60 2815 33 2745 G0 266-5
(40 (40) (40) (40) (40)
Pressure (mb)
—_— — — N
250 2K 150 100 80 G0
-,p ’i' ’Il ."l ’l" !I'l
234 2253 212-7 025 200-0
(131) (121) (3 (15) (3)
2352 232.3 2102 202-3 20004
(30) (24) (13) (3) (2)
2357 234.3 211-4 2020 2005 1967
(116) (1647) (84) (30) (12) 4
241 3233 2083 20740
(N3 (68) (23) (3)
2381 AR 2134 2040 .
(42 (209 (7) (n
236-3 224 - 210-2 196-8
1401) (87) (30) (3)
2315 2189 2050
=1 {50y (|.‘,]
215 2205 20180
47) 27) (2)
230-5 218-5 2054 1965 193-0
(%) (28) (11) (2) (1)

IT indi

The numhber of ten

humidity. 7" the mean temperature (°A)

ture values available is given within brackets
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TABLE 3
Mean temperature and humidity during winter

Pressure (mb)

Station 1000 0900 840 800 700 600 500
——t— Pt —P— —r— — =
H T H T H T H T H T H T H T

Peshawar - o 40 283-7 40 280-2 45 276-7 50 269-2 45 261-1 45 252+3
(197) (199) (198) (199) (199) (198)

Multan - e 30 287-1 35 283-3 35 280-0 40 272-5 35 264-7 .. 256-1
(71) (1) (71) (71) (71) (71)

Delhi - - 45 987-2 40 283-9 55 280-6 40 273-7 40 265-7 35 256-7
(317) (318) (317) (318) (319) (321)

Jodhpur s oo 35 200-0 45 285-5 50 281-6 45 275-0 45 267-4 .. 258-3
(150) (150) (149) (150) (149) (152)

Nagpur G - 45 293-5 45 289-8 55 2856 45 278-2 30 271:5 35 262-9
(151) (151) (151) (150) (150) (148)

Poona - . 35 206-2 35 202-5 40 288-4 35 280-8 25 274:0 .. 264-8
(286) (286) (286) (284) (284) (284)

Madras 75 298-0 60 292-3 50 2897 45 286-9 30 282-2 25 275+3 .. 266-4
(156) (155) (153) (150) (151) (150) (142)

Trivandrum 70 2995 70 203-1 70 290-0 55 287-4 35 282-4 25 275:0 30 266-4
(112) (111) (110) (110) (111) (112) (112)

Ratmalana 80 298-3 75 291-4 75 288-7 65 285-2 35 281-4 30 274-2 35 265-8

(53) (52) (53) (53) (53) (53) (53)

Pressure (mhb)

| i A Rl
400 300 250 200 150 100 80 60
T T T T T /] T T
Poeshawar 240-7 228-7 222.1 218-8 215-56 211-2 2100 210-3
(180) (141) (112) (69) (34) (26) (16) M
Multan 245-5 234-3 2275 222-0 214-3 210-0 2075
(64) (46) (36) (29) (13) (2) (2
Delhi 245-3 232-9 225:9 2198 212-1 206-8 206-8 206-5
(305) (229) (186) (131) (76) (25) (10) (2)
Jodhpur 247-0 232-8 224-8 2172 208-8 199-6 195-5
(143) (126) (92) (59) (22) (5) @)
Nagpur 251-3 236:5 228-2 2187 200-4 205-0 203-0
(134) (95) (76) (32) (12) (1) (1)
Poona 253 -4 238-4 228-8 217-7 24-3 193-2 100-0 .s
(278) (256) (231) (161) (77) (20) (6)
Madras* 255-0 230-6 229-1 218-6 206-8 197-4 v .e
(138) (98) (76) (65) (39) (11)
Trivandrum 2554 239-6 229-5 219-6
(105) (80) (65) (19)
Ratmalana 254-9 238:7 228:0 216-3 2047 2005 ’e e
(45) (27) (23) (23) (9) (4)

*Temperature values for 150 and 100-mb levels are for Bangalore only, while those for 200-mb level are for
Madras and Bangalore
H indicates mean relative humidity, T' the mean temperature (°A)
The number of temperature values available is given within brackets
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TABLE 4

Mean annual temperature during monsoon at New Delhi and Poona

Pressure (r
Yeaar Qinp S50 S T B M 3 HI asi 2 150 )
NEW DELHI
Iy AR M5-5 ML REATIH 1777 %0 3503 245.3 2357 RRER] 3.2 20000
1944 208 201 4 2
(62) (652 32 (42 (62 (2 (60 (500} (48 41) (23 ("
1945 209:1 2056 20010 2584-D 2977 240.7 2597 2481 286-5 2257 213-9 204-4
M) (3 A 549 50 50 (57) (35 10 1 (22 (8)
1946 208:0  205-6 2001-8  285-2 2770 270-4  258-8 2450  9234.0 2237 21006

(40) (401) (1) (411) (400} (400) (G (201 (20 (1) (a)

1947 0.0 296-7  202-5  285-5 2387 270-1 260-8  247-2 7.7 227.0 212.8  204.0
57) (a7) (77) (57) (37) (57) (32) (47) (20) (21) (5) (2)
10449 2001 2062 201-8 285+ 1 297-0 26007 250.3 214-7 234-0 210-6 2040
() (601 (311) (6 (6540) (61 (643) (456) (53 (34) {11)
Mean 200-2 0 205.0 2020 283-3 0 2080 270-2 25046 245-7 2358 2245 2116 2031
Taiis 1-1 1-2 0-7 0.7 1-0 1:4 20 2-5 3-7 4-7 3-7 4+4
POONA
1944 203-9 206G 2813 2977 270-0 26000 245-8  236-5  226.8  212-5 —
(57) (37) (37) (37) (57) (51) (41) (33) (18) (2)
1045 204-2 200-D 288-1 2830 276-3  268-2  258-5  244-9 2350 222.3 2084 198-7
(39 59) (54 (a4 (59) (a1) (51) (44) (36) (25) (14 (3)
1046 20435 2017 2841 =84-5  298-0  270-2  240-0  244-2  2%6-4 994 210-4 1940
(55) (Aa (33) (55) (55) (a5) (47) (37) (31) (22) (12) {2)
1947 205-3 2027 200 285 29801 290-1 261-1 248-0 230-5  220.0  2|R-5 -
017
(5 3% 37 a7 (53) (139) (263) (12) (2)
1949 204 3 200-8 2802 28308 2TT4 2006 3 M45-2 0 240 22200 —
(58 i N N i SR (52) (31 (14) (L)
Maan 204-5  291-5 2801 34 -4 3754 240 ¢ 2500 2440 290.5  224.8  2]2.5 .
Range 1:6 2 J 20 24 2 264 3.1 16 70 10-1 s

Naofr: Figures within hrackets indicate t]

mher of temperature values
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Mean annual temperature during winter at New Delhi and Poona

119

Year

1044

1945

1946

1047

1948

1949

Mean

Range

1945

1946

3 1947

148

1949

Mean

Range

Pressure (mb)

000 850 800 700 600 500 400 300 250 200 150 100
NEW DELHI

285-8 282.2  270.4  272-7 2656 2370 2455
(45) (45) (45) (45) (45) (45)  (36)

284.1 282.5 270-0 271-5 263.6 254-2 2435 282-2  226:0 217-5 200-2 205+
(53) (33 (33 (53) (%) (83) (G (39)  (28)  (20) (1) (2)

288-8 285.8 282.8 276-0 267-8 2686 247-0 234.5 227.6 222.6 213.0  200-0
(56)  (a8)  (56)  (56)  (56)  (36)  (58)  (45) (3 (21) ) (3)

23¢-8 283.5 280-7 274-7 266-5 2583 246.8 234-3 2201 225-3 2195 2155
(33)  (33) (33 (54 (55)  (85) (5 (45)  (39) (L) (19) (4)

286+3  283¢1 270-0 2733  265-4 256-1 244-3  232.7 2240 219-0  213-0 —
(57)  (57)  (86)  (33)  (8B) (57) (36)  (48)  (29)  (11) (3)

980.1 285°7 2818  273-9  265.0 256-0 244.7 231-0  223.3  206-1 2089  204-3
(53) (54) (54) (55) (53) (53) (55) (52) (51) (48) (37) (165

287-2  283.8 280-6 273-7 265-7 256-7 245-3 232.0  226.0 220.1 212:7  208.6
3-3 43 3-8 45 4-2 4.4 35 35 5:8 92 10:6 112

POONA

205.2  201-0  287-5 280-3  273+0  265-3 254-3 238-9 228.3  216-1 203-0  101-4
(58) (58) (38) (57) (5T) (5T)  (33)  (52) (48)  (36)  (25) 9)

7.8 203-5 2886 2805  273-2  263-2  251.8  236.2  226:6  215-7 204-6 193+5
(58)  (58)  (58)  (58)  (58)  (s8)  (57) (5T)  (8B) (A1)  (28) )

205.5 2020 288.3 280-3 274.1 265-1 252-9  239.3  220-8  218:6  205-2 1067
(39 (39) (59 (59 (89)  (59)  (55)  (B1)  (48) (34  (24) (+)

205-5 202-4 288.4 281-1 274-4 265-3 254.0 238-9 230-3 221-3 - =
(54)  (54)  (54)  (53)  (83) (54)  (54) (44)  (30) (1T

206-0 203-3 280-1 2817 274:5 265-1 254.3 238:8 220.8 220-5 - =
(55)  (s5) (65)  (85)  (35)  (BB)  (BB)  (AD)  (48) (2B}

206-2  202-5 2884 280-8 2740  264-8 2534 238-4  220.0  218-4  204:3 1039
2.6 2.5 1-6 1-4 143 2-1 2.5 301 3.7 56 2.2 53

Note : Figures within brackets indicate the number of temperature values




Fig. 2. Mean distribution of virtual temperature and
zonal geostrophic wind at 1500 GMT during monsoon

from 13° to 30°N was obtained. This was
slightly extended  northwards hy taking
into  account geostrophic  winds hetween
Peshawer and New Delhi. South of latitude
13°N, the geostrophic winds were not found
to be consistent.,

33, Wik dater from pilot ballooi  obser-
vations—Here also only those ascents were
consideredd which reached 6 km or more.
Mean  zomal components for each of the
stations  were obtained for levels, 1:5, 3,
4-5. 6. 7-5. 9 and for each kilometre bet-
ween 10 and 20 kn. For Tndian stations data
were obtained from the relevent upper air
registers. For Pakistan stations, data upto 9
km were collected from 1. D.W. Rs. and
abhove 9 km these coulidd be ohtained for
only 1947 winter from the Monthly Weather
Reports, Data for Colombo also were obh-
tained from 1.D.W.Rs, Stations very near to
each other were grouped together and mean
zonzl winds for the mean latitude were
obtained. The wav how stations have heen
grouped can be seen from Table 6 (p. 123).
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LATITUDE

('N)

Fig. 3. Mean zonal wind distribution at 000 GMT
during monsoon (1944-49)

Speed in knots indicated on isokineties
E — Easterly. W — Westerly

4. Distribution of temperature and wind along the
section

4-1. During monsoon—Tig, 2 shows the
distribution of virtual temperature. Upto
300-mb level, the latitudinal temperature
variation is generally small except at levels
hetween 500 and 300 mb where temperature
decreases from Poona (19°N) to Madras
(13°N). At 250-mblevel, the temperature de-
creases from Nagpur(21°N) to Madras and also
from Nagpur to Jodhpur (26°N), while at 200
and 150-mb levels, the temperature decrease in
these sectors is appreciable, The distribution
of geostrophic zonal wind is also shown in Fig.
2. A strong easterly wind of 82 knots is seen
near 13°N at 150-mb level. i.e., near 14} km.
The zonal wind between 25° and 30°N and
below 10 km is light, being 5 knots or
less.

The ohserved zonal wind distribution is
shown in Fig. 3. The prominent feature of
this distribution is the strong easterly wind
in low latitudes above 14 km. The easterly




maximum as pointed out by Krishna Rao
(1953) is found over Nagercoil (8°N) at 18 km.
The maximum speed is 91 knots. The mean
winds at Nagercoil at 17, 19, 20 and 21 km
are 78, 78, 62 and 54 knots respectively. Un-
fortunately, Colombo upper wind data do not
extend beyond 45 km, Trichinopoly (11°N)
data are available upto 16 km only and data
for stations between 13° and 25°N are avail-
able upto 13 km only. Under these circum-
stances it is not possible to fix the lati-
tude of easterly jet, if any. This distribution
also shows that between 25° and 30°N the
zonal wind is generally less than 5 knots
below 10 km. This, in general, is the region
where air masses from the two hemispheres
meet the lower levels.

Strong easterly winds (direction almost
exclusively within the range 070-100°) are
found above 12 km at latitudes 13°N and
south. Winds with speeds of 100 knots or
more are observed on a few occasions at
18 km and above over Nagercoil. The number
of occasions of strorg winds (=70 knots)
and the number of wind observations (in
brackets) are given below—

13 14 15 16 17 18 19 km

Lat. 13 °N 2(4) 1(2)
100°N 1(5)  2(4) 1(3) 23
8 °N 0(22) 1(16) 2(10) 5(6) 3(6) 4(4) 2(D

4-2. During winter — The temperature
distribution is shown in Fig. 4. North of
19°N, the latitudinal temperature decrease is
appreciable upto 400-mb level, In general,
there is a slight variation at 200-mb level and a
reversal of temperature gredient above this
level. Tt may be mentioned that almost at each
of the levels 850 to 250 mb, the temperature
decrease from Poona (19°N) to Jodhpur (26°N)
is greater than that from Jodhpur to Peshawar
(34°N), the difference in the rates of decrease
being rather appreciable at 850, 800, 300 and
950-mb levels. Jodhpur is exactly mid-way
between Poona and Peshawar.

The mean tropopause has been shown in
Fig. 4 by a double line. Mean fropopause
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Fig. 4. Mean distribution of virtual temperature and
zonal geostrophic wind at 1500 GMT during winter

heights for Delhi (29°N), Multan (30°N) and
Peshawar were obtained from the mean tem-
perature distribution as the base of the layer at
least 1 km deep with a lapse-rate of 2°Ckm™!
or less. South of Delhi, the mean tropopause
shown has been the one based on sounding
halloon data, since the radiosonde data were
insufficient for the purpose.

Fig. 4 also shows the distribution of geos-
trophic zonal wind. The strongest wind of
97 knots is found at 22}°N. A secondary
maximum of 80 knots appears to be near
31°N.

The distribution of observed zonal wind
is shown in Fig. 5. The strongest wind of 110
knots is found at 23°N. A secondary maxi-
mum of 84 knots is observed near 30°N.

Tables 6 and 7 give frequencies of winds
=170 and =100 knots respectively at heights
6 km and shove for the various latitudes.
From a consideration of the frequency of
high winds, a well-marked maximum south
of 20°N appears unlikely (Fig. 6). The
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Fig. 5. Mean zonal wind distribution at 0900 GMT
during winter (1944-49)

Speed in knots indicated on isokinetics

W — Woesterly

K— j':iw?l I‘I_\'.
temperature distribution south of 20°N would
support this view.

4-2-1. ('ompm'f‘.m,a r‘tj‘ the resitls with Uppet
wind normals—Table upper wind
normals (based on data upto 19300 for Janu-
ary and February for 11 and 12 km for Aw-
bala, New Delhi, Agra. Gwalior. Juhalpur,
Almedabad, Nagpur and Malegiom: there
and Udaipur.

n knots)

R oves

are no normals for Rajsamand
The computed zonal components (-
for winter are given helow—
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Fig, 6. Percentage frequency distribution of strong
winds (speed = 70 knots’ at levels from 6 to 12 km
during winter (1941-49)
Gwalior and Delhi have only  January
normals, hence figares for these two places

EtIV)

have not heen given.

The available normal wpper winds would
nulicate the highest zonal wind near 23°N
and o zecondary maximum north of 30°N.
At 12 kem, normal zomal eomponent for Agra
(Laritudde 27°N) ; T‘\'--l"\' wealker
than that for 23°N and this < for each of
nuelividaal months January and  Feb-

Oy

e
iy,

1T km 12 km 13 k
T T Ty — e —
i 2 n

Ambala 22 3 ]k S0 -
Agzra (27°X) Az 64 T 63 13+ 73
Latitude (23°N) 6 4 ) s2 0 34
Latitude (21°N} L] IS 10 47
3 wbservations for Junvary and 5 for Febrnary,  +9 for January and 4 7o ]"'-hru.nr:,‘

13 for Jannarv and 6 for February
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TABLE 6
Frequency of winds (70 knots or more) at heights from 6 to 12 km durlng winter

Statiors

Height (km)
Mean —A
latitude i J 9.0 10-0
("XN)

Drosh
Peshawar
Jhelum
Lahore
Ambala
Multan l
Suratgarh J
Delhi ]
Bareily b
Bikaner

Gwalior

Udaipur

Rajsamand

J
Jodhpur }
1

Bhopal
Jabalpur I}
Ahmedabad J
Nagpur 1
Malegaon |
Bowbay

Poona }
Begumpet
Gadag Y
Vengurla r
Anantpur |
Bangalore ']
Mangalore %

Madras J

354 1(3)
34 _ 2(3)
33 3(4)
31} 2(9)

32(14)

31(14) 31(39) 19(36) 10(43)

24(21) 11(83)

17(16) 1(196)

6(21)

9(9) 49)

3(4)

5(4)

4

2(4)

Note: Figures within brackets are the percentages of frequencies to the total number of observations
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TABLE 6 (confd)
Frequency of winds (70 knots or more) at heights from 13 to 17 km during winter
Height 4
Latitude I = o T
{("N) 13 1 15 1 17
30 1 | | |
28} ) | i
26 Il
23 + 3 2 1
9] 3 3 0 0
10 | ( (] 0 0
174 0] | 0 0 0
15} 2 I I I I
13 1 0 1 I 1
{1} 0 i 0 1] 0
~ (4] 0 0 (1] 0
TABLE 7
Frequency of winds (100 knots or more) at heights from 6 to 12 km during winter
Height (ko)
Latitude 60 70 HT 1y 4) 11-0 120
(°X)
304 | a{3) 3011 1(¥) 3(33)
ReY 0 1 W (15) M) 1(2.3) 2(22)
a4 n 0" T2 H3) 3023 3057)
25 Wt i lidy 111
'3 1 n aed 2(4) 1(3) 1(241)
51 \ 0 0 0 0 1(:3)
Note: Figures within bra kets are the pereentages of frequencies to the total number of observations
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TABLE 8
Upper wind normals (Based on data upto 1950)

January February
Station ——— —A ———t———
11 km 12 km 11 km 12 km
— - A ——— ey ey
n v D n v D ” v D n v D

Ambala 11 4 27 11 70 271
New Delhi 30 67 265 16 69 269 No normals
Agra 31 8 273 17 70 285 21 59 278 10 65 286G
Gwalior 35 72 271 23 81 265 No normals
Jabalpur 15 71 270 15 52 275
Ahmedabad 17 750 270 10 87 267 21 62 279 10 s1 280
Nagpur 19 66 265 25 40 261 13 49 266
Malegaon 23 48 276 14 a0 279 22 4 270 13 45 275

n denotes the number of observations, v veetor

3. Comparative study of other longitudinal cross-section

Only the mean seasonal eross-sections ex-
tending over the tropical and subtropical
latitudes, including the section from Colombo
to Peshawar by the author, have been con-
sidered. The study is mainly from the view-
point of wind maxima (jet streams). The
relevant information for each of the cross-
sections excepting the one by the author has
been given under Tables 9 and 10, for summer
and winter respectively. Wind speeds and
heights of wind maxima have been reduced
to the same units, vz, knots and kilometres
respectively to facilitate comparison,

5+1. Summer — Majority of the sections
give geostrophic winds.

In the northern hemisphere the westerly
jet streams are located at and north of 40°N
and the associated wind speeds are less than
half the speeds during winter. In the southern
hemisphere, the westerly jets are mainly
confined to 30°-40°S and the associated
wind speeds are generally more than half
the speeds during winter.

The prominent feature is the easterly wind
maximum at 16 km and above in low

wind in knots and D the direction in degrecs

latitudes in the northern hemisphere. To find
out whether easterly maxima exist in
southern hemisphere also vertical sections
giving observed winds in that hemisphere
have to be awaited. The wind speed associated
with the easterly maximum ig generally more
than 70 knots. The strongest mean wind ob-
gerved is 91 knots at 8 °N (over Nagercoil)
at 18 km.

From his section covering 40°N to 20°8
over the Atlantic for August-September
roughly along 25°W, Vuorela (1948) gives
an easterly wind of 87 knots at 13 km at
8°N. The section is based on only 29 pilot
balloon ascents made during the Atlantic
expedition of August-September 1939. No
strong easterly winds were observed for the
corresponding latitude in the southern
hemisphere, but it may be mentioned that
wind data south of the equator may be for
September. Vuorela has associated these
strong casterlies with the regeneration of the
sub-tropical high and consequent strengthen-
ing of the zonal index,

The easterly maxima in the low latitudes
as yet have not been studied sufficiently.
The inherent difficulties are—(#) generally
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higher cloudiness over low latitides which
makes only very few pilot balloon ascents
available for study
Indis and other countries of southeast Asia,
r-l\\":'pt h_\' the southwest mon=oon and (7¢) the

this is particalarly so over

D. A. MOOLEY

helt in the southern hemisphere  lies at
30-35°%. The westerly jets of the northern
hemisphere are not lncated aliove regions of
high surface pressure but those of the
soathern hemisphere are located very nearly

llig!l Ei.]fi‘!'..ll“ [L:—J—:” |\'I]H "1' the ":I'-!r-l‘ll\' .;Im\'-- I‘};u- ‘||i~r_-]; l,]-.-,.‘;“.. I‘,.]r.
maximum regaives the halloons to be of a
very high gaality so that they ny ot harst
before they reach these heights, Extensive

As o result of the intense heating which
ocears over the huge land mass of the nor-
thern hemisphere a well-marked low pressure
areir 1= lll'\‘-_-]n|uwl over southwest Asia and
north Africa daring July.  The mean chart
for July shows lowest pressure over West
Pakistan. Strong monsoonal flow from south
of the equator takes place over South Asia
and the neighbouring parts of Africa in the
lower troposphere and this is probably com-
pensated by a marked counter-flow in the

rawin data reaching upto very high levels
thius become a neces=iv v for thorough stady
of the easterly jets.

In the northern hemisphere, continents
are dominated by low pressare systems, the
high pressare bels over ocean heing near
25°N; pressure is relatively high over the
continents near equator. The high pressare

TABLE 9

Summer sections

Wind maximum
— A

==y

Height  Latitudinal

(i) range of
section

Longitudinal Wind, Month Period
range of

section

Lati-
tude

Longitude
represen-  whether
tative  obscrved
of or
section geostrophic

—
Dir,  Speed
(knots)

Author

Willett (1)
(1944) i 80-87°W Two years’
(¢t sounding bal-

loon data

Geostrophie Jul &

18 Aug

Hess (i) ! o 2
(1950) ‘1,
(i) E 212 17)

298 to TN T8.84°W Geostrophie -Jul & 1942.1945

Aug

Data used for
a large num-
her of yeam

Jul &

Aug

Equator to Observed

3N

Venkitesh- above
waran 1
£1950)

131 -158°E 150°E
(For portion
between 13°

and 38°8)

Geustrophic Dec, Jan
& Feb

Locwe & (] 1537 to 34°8
Radok
(1950}

Hutchings (i)
(1970)
(#1)

“to TO°S 155.175°E 170°E 1044198

Geostrophic Mainly
Feb

Frost 1)
(1052)

(i3}

Olserved Jul 1948-1950
(radar-

wind)

33.50°E

1°5 to 35°N

One to five
yeuars

Gibbs 5% to 40°8 130°E Geostrophic Jan

(19221

10°E 5
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TABLE 10

Winter seetions

Wind maximum

A

Author rUir. Speed Lati- Heigl;l’? Latitudinal Longitudinal Longitude Wind Month Period
(knots) tude (km) range of range of represen- whether
section section tative observed
of or

section geosgtrophic

Willett W 96 30°N 12 17°t0 72°N  B0-87°W 8I°W Geostrophie Jan & Two years

(1944) (For portion Feb sounding bal-
17-36°N) loon data

Hess (i) W 103 36°N 127

(1948) 2°8 to T3°N 78-84°W 807w W Jan & 19421945
() W &3 55N 14 Feb'

Venkitesh- w 78 28N 13 Equator to i 8°E Observed  Dec, Duta used for
waran 35°N Jan & a large num.
(1950) Feb ber of years

Loewe & W10l 25°8 12 15" to 54°8 131-153°E 150°E  Geostrophic Jun, R
Radok (For portion Jul
(1850) between & Aug
15°S and
388}

Chaudbury (i) W 136 3I°N 12 71-82°E
(1950) f 13° to 56°N (For portion  76°E - Jan & 1946
(i) W 78  Between 12 upto Lat, Feb
15° and 34°N)

20°N

Hutchings w97 30°8 12 6°to 46°8 155-175°E 1T0°KE P Jun, Jul  1043.1948
(1950) & Aug

Tu-Cheng (i) W 104 30°N 123 Observed  Dec 1945
Yeh 117 to 40°N 113-128°E 120°E {radar- & Jan
(1950) (i) W 96 40°N 12 wind) 1946

James W 68  40°N 10 15° to 6O°N Mainly 0° Geostrophic  Feh 1951

(1951) 1°E-8°W

Frost W 100 2¢°N 12 1°Sto 35°N  33-50°E 40°E Observed Jan 1948.1950
(1952) (radur-
wind)

Gibbs W 100 27°8 12 10° to 46°8 o 130°E  Geostrophie Jul One to five
(1952) . ) years
() W 80 20°8 12
10° to 46°8 s 150°E . Jui
(#) W 80 20°S 12 f 2

Koteswaram,

Raman &

Parthasa- W 103 2N 12 10°to 85°N  G7°-01°E - " Dec, Jan  1944.195)
rathy & Feb

(1953)
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upper troposphere and lower stratosphere.
The cause of easterly jets appears to be con-
nected with the peculiar distribution of land
and sea in the northern hemisphere,

5-2. Winter. Here also majority of cross-
gections give geostrophic winds,

The mean height of the jet streams is fairly
constant, being about 12 km in most of the
sections. Maximum wind speeds associated
with major jets lie generally within the
range 80-110 knots. In the southern
hemisphere, jets seem to be confined to the
belt 20-30°8, while in the northern hemis-
phere they are confined to a broader helt,
23-40°N. This difference may be due to
the markedly different distributions of land
and gea in the two hemispheres but to some
extent it can be due to the act that fewer
cross-sections are available for the soathern
hemisphere and that they are confined to
the small longitudinal range 130” to 170°E,
i.e., Australasia,

Jet streams are located above the portions
of the atmosphere having rather marked
latitudinal temperature gradients and  there
is a reversal of the Jatitudinal  temperature
gradient above the level of jet stream. The
concentration of isotherms over a rather
narrow ]ilfi'i’:ll(lill;ll belt may e :lssln'i;ll--(l
with the polar front as mentioned by Palmen
and Newton (1948) or with the advection of
cold air from higher lagitudes or adveetion of

D. A. MOOLEY

warm air from lower latitudes or both as
statedd by Namias and Clapp (1949). Over
Indo-Pakistan, the  concentration  of
isotherms must be due to the confluence of
colder air from north and warmer air from
south.

According to Palmen (1951), the strongest
west wind in the upper troposphere must be
observed almost vertically above the sub-
tropical high pressure  belt,  provided
momentum flux is primarily determined by
the meridional flow or ‘drift” of air at different
pressure surfaces. During northern winter,
the high pressure belt is mainly confined to
30°N over the water surface, but is shifted to
the belt 40-50°N over the land masses, being
particularly at 50°N over Central Asa, while
during southern winter, high pressure belt
is confined to 25-30°8, It can be seen that
southern hemispheric jet streams are either
located above the sub-tropical high pressure
belts or their vicinity, but only a few of
the northern hemispheric mean jets lie over
or near the mean high pressure belts.
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