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ABSTRACT. A study of the winds exceeding 20 mph at Delhi has been made from the anemogram data of
the five years 19046-30. The winds have been classified into three groups namely (i) winds unassociated with
weather (ii) winds associated with rain or thundery conditions (iii) winds associated with duststorms and thunder-
storms. Characteristics of the three groups in respect of their frequencies, maximum speed, direction etec have

been noted. Situations causing winds without weather and those causing weather have also been briefly indicat-
ed.

Winds exceeding 20 mph occur at Delhi in all the months of the year being most frequent in May and June
and least frequent in November. Strong winds unassociated with weather are more pronounced during the period
from March to June. Winds associated with rain or thundery conditions are more frequent during monscon
months. The total duration of strong winds is on the average abgut 600 hours per year 75 per cent of which are
associated with west to northwest direetions, northwest being most frequent, west coming next, then east and
then north. Winds unassociated with weather and those accompanied by rain or thundery conditions reach a
maximum speed of 40-45 miles per hour. Winds associated with duststorm and thunderstorm may, however,
reach 70 mph. Winds of the first group commence generally between 1000 and 1200 IST except during May to
September when they commence at about 0700 1ST. Winds of the second group have a greater tendency to
occur at noon in March, forenoon in July, both in the forenoon and afternoon in September and in afternoon
and evening in May and June. Winds of the third group begin in the noon and afternoon in monsoon and pre-

monsoon months and in the evening or in the early hours of night in other months.

1. Introduetion

Krishna Rao (1938) made a study of the
squalls at Karachi and similarly Rama-
swamy and Majumdar (1950) for Peshawar.
In addition to the squalls that have their
own importance from different aspects, there
may also be at places strong gusty winds
whose frequency may be quite high, whose
speed may be as high as in the majority of
the cases of squalls and whose duration may
be many times the duration of the squalls
and as such they are also quite signi-
ficant from the aviation point of view. One
of the present authors (1952) made a study
of all the typesof winds of 20 mph or more
that are observed at Allahabad and made
a note of the general characteristics of
these winds. Itis proposed here to make a
statistical study of the characteristics of
winds of 20 mph or more that are observed
at Delhi (Safdarjung aerodrome).

2, Situation of the aerodrome

The Safdarjung aerodrome is located to
the south of New Delhi on a slightly undu-
lating plain. The latitude and longitude
of the aerodrome are 28° 35N and 71°
12° E respectively and its height 696 ft

above sea level. The situation of the aero-
drome is shown in Fig. 1. The other aero-
drome at Palam is at a distance of six and
a half miles to the west.

On the ecastern side of the aerodrome
there is the Jumna river, at a distance of
three and a half miles. On the south to
the southwestern side, there exist rocky
areas of elevation of 1000 ft above sea level
at a distance of eight to ten miles.

Towards the northeast and southwest
respectively at a distance of about 100 miles
from the aecrodrome lie the Himalayas
running northwest to southeast and the
Aravallis running southwest to northeast.

8. General features of wind at Delhi

The general features of the surface winds
at Delhi are shown in Fig. 2.
They are light to moderate during
October to December. The winds show a
tendency to increase in strength in Janu-
ary particularly in the afternoon and fur-
ther increase in the succeeding months.
The winds are generally from easterly direc-
tion in July throughout the day and night
and for some hours in the night in April,

May and June. Thg direction of the wind
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Fig. 1. Situation cf the Safdarjunz Aerodrome
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alternates between east and west in August.
Duringsthe rest of the year, west to north-
west is the general direction of the winds,

4. The data fo: winds exceedinz 20 mph

The data have been collected from the
five years’ records (1946-50) of the Dine’s
Pressure Tube Anemograph, installed at the
top of the acrodrome building, The head of
the anemographisat a height of 17 ft above
the building and 65 ft above the ground.

Occasions when the wind velocity rose
to 20 mph or more were noted from the
anemograms, together with the highest
wind velocity and the corresponding direc-
tion. The =associated weather was also
noted down from the westher diary of the
station. When the winds were associated
with weather, all such occasions were taken
into account, irrespective of the duration of
the strong wind. But, when the winds were
not associated with weather, only occa-
sions when the winds gusting to 20 mph or
more persisted at least for 10 minutes were
considered.

On certain days, winds of 20 mph or
more }lil\'f‘ ()ﬂ(‘-lll‘r('d on  more t-hﬂ.]l one
occasion on the same day. The oceasion of
the highest wind velocity is incorporated in
Table 1, giving the number of days of winds
exceeding 20 mph at Delhi. While making
further analysis of winds associated with
different weather, as in Tables 3, 7 and 10,
all the different occasions have been taken
into consideration.

5, Winds of 20 mph or more, irrespective of weather

The number of days on which the wind
velocity rose to 20 mph or more during the
years 1946-50 is shown in Table 1. The
main features brought out by this table
are—

(i) Number of days—Winds exceeding 20
mph are observed at Delhi on as many as
twenty days on the average in each of the
months of May and June, on about eighteen,
days in April, on about half the days of the
months of March, July, August and Sep-
tember. They occur during October to
Jamuary on five to eight days, November
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being the month with the least number of
days of such winds.

The number of days when winds reach 50
mph ormore is, on the average two to three
in May, one in each of the months of June
and July and one or two in five years in
Marech, April and August.

(¢1)) Wind wvelocity—The highest wind
speed reached during the five year period
was 70 mph on 20 May 1950.

The upper limit of the wind velocity was
in the ranges of 60-70 mph in April, May
and June, 50-60 mph in March, July and
August and less than 50 mph in other months.

(111) Wind direction—Although the direc-
tion of the wind of maximum velocity
may be in any quadrant, it is mostly east
or west in July and more often west in
August and Septomher and north or
northwest in October. During the other
months the winds are more often from some
northwesterly direction.

6. Total duration of winds exeeeding 20 mph

The number of hours during which winds
gusting to 20 mph or more blew from dif-
ferent directions during 1946-50 is shown
in Table 2. The total duration of winds
exceeding 20 mph is on the average abeut
600 hours per year, 75 per cent of which is
due to winds blowing from the quadrant
west to north. Individually, northwest is the
direction of longest duration; next comes
west, then east and then north, the cor-
responding percentages being 36, 17 and
12 respectively. During the monsoon period,
the easterlies and the westerlies are of
the equal durations, while during the hot
weather period and also in the remaining
months, northwest has the predominant
durations.

7. Classification of the strong winds

The occasions of strong winds are clas-
sified here into three groups, namely,
(7} those not being associated with weather
excepting dusthaze (during the hot months,
particularly in May and June, the winds
are laden with thiek dust extending upto
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TABLE 1

No. of days of winds of 20 mph or more at Delhi during the years 1946—50 ‘

. ——————— e e s ) -
Wind ) ) .

Velocity N NNE NE ENE E ESE BSE S8E N SSWOSW O WEW W WNTW NW NNW Total
(mph)

JANUARY
20-29 2 — — - 1 2 - b = - —_ 2 ] 2 21
30-39 L = = = 1 = = - - - ) (— I — G
40-49 —_ = = = L — - - - - = - 1
50-50 - - = = = = - e . - = =
60-70 = = s e ML= = - - S
Total 3 - - = 3 2 - } — 1 2 12 2 28

FEBRUARY
20.29 4 — 1 -_ 2 — 2 - 1 s 3 10 4 27
3030 — I = e 2 = - : - = ] - 1 — 8 318
40-49 2 - — i st 1 1 - — - 1 - — s —— — 5
50-59 — = = o = = = = = = = = &=
60-70 - = - - = = = = = = = e .
Total G 1 1 —_ 4 1 3 1 { . 1 1 18 7 50

20-20 8 2 1 — 1 - = 1 — M 4 36
30-39 5 —_— 1 — 1 — 1 - 1 1 1 - ! 1 13 [ 37
40-49 1 —_ - — 1 - - —_ — - — 1 1 1 5
50-50 —_ = = = = = = ! = = = !
60-70 — - - - o o o o o - o o o o - —
Total 14 2 2 f— i —_ 2 1 6 1 1 . " 1 ag 1 =
APRLL
20-29 G = —_ - 2 - - — 3 - 2 — [ - 10 2 J
30.30 4 — 1 - 2 - 3 —_ - i 3 2 fi g 23 240
40-49 1 — — — 1 — — —~ — — — —- a — 2 1 ¥
W — — = = = 1 = = =~ = = = = = = - |1
60-70 1 - - - - - - - - - - - - - 1

Total

._
2
l
—
I
3
ot
)
&t
"
@
>

MAY
95,90 g = o= o= M4 == 5o— + - 2 - 2 2 5 1 30
30-39 b 1 2 — 4 —_ — — - — 2 a 8 11 10 42
40.49 2 —_— 2 — 2 — — - 1 — 1 —_ 2 — 2 = 15
50-59 3 i — = = = 1 — — - 2 -— 1 1 —— 8
60-70 1 — 1 —_—— —_ —_ — == — 1 . 1 - e o 4

Tatal 13

1
I
|
I

2 19 11 HH]

TUNE

20-20 ] —_ 1 — 1 — 1 — 1 1 — 5 1 7 2 23
30-39 7 - = - 2 1 1 — 1 — 3 117 2 15 2 52
40-49 8 — 1 = — — 2 - 2 - 3 1 8 — 25
50-59 3 == &= == == @ - - - 1 o 4

t— — — — — - 1

60-70 = - = = S = B

1
1

Total 21 -

(]
L]
|
e
s
&
-
&
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Table 1 (contd)

Wind Direction

e e S USSR

Veloeity N NNE NE ENE E ESE SE SSE 8  SSW BW WBW W WNW NW J\'JN‘\\'TC‘LII
(mph)

20-29
30-39
40-49
H0-59
60-70

20.29
J0-30
40049
50-59
G070

Total 13

Hi)-5H0
60-70

OCTOBER

20-29
30-39
4049
50-59
0-70

Total

NOVEMBER

20.20 — -
30-30
10-40
50-59
60-70

Total

DECEMBER

20-29
30-39
4019
60-59
60-70

Tofal
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TABLE 2

Tofal hours of duration from different direetions of winds of 20 mph or more at Delhi during the years 1946--50

Windd Dire
- e

Month Vari- N NNE
alile

SE SSE

tion

5 SNy SW

WS W WNW NIWNNW .1':l.||'

1091

20 515 155

10.000/12.000 ft), (/i) those associated with
pain or thundery  conditions (mostly the
cases of rain without thunderstorm : at few
cases when lightning hut no
thunder or rain was ohsorved, are ineluded
in this group) and (777) those associnted with

wis  seen,

duststorms or thunderstorms with or with-
out rain,

The characteristies of the windls of the
above three groups are summarised in the
following sections.

8. Winds exceeding 20 mph, not assoclated with
weather

The statistics regarding the number of
oceasions of such their directions

: b .
and speed are given in Table 3.

winds,

J () Nuber of oceasions Winds exceed-
200 mph and net being associated with
weather, excepting dusthaze, ave ohserved
on sixteen to twenty the
average in eaxch of the months from March
to June. Thev oceur on seven to ten oc-
easions 11 Fu]n‘t'\ml‘\‘_ July, August, Septem-
her. October and December and on five
oceasions in November and January,

1y

nl‘t':'..\'ila]m 01

(it) Wind velocily Barring an isolated

case in July, the maximum wind veloeity
of this group of windedoes not rise hevond

45 moh. In the months of August, Nov-

ember, December and January the maxi-
mum veloeity does not even reach 40 mpll.

(ii7) Wind direction—The winds are most-
ly from west to northwest direct ion. There
is, however, equal chance of easterly di-
rection in July and equal chance of norther-
Iv direction in October.

(iv) Time of commencement—These winds
arouped according to their times of com-
mencement are shown for different months
in Table 4. They commence more often
at about 1100 or 1200 IST during the period
from October to January and at about
1000 or 1100 IST in February, March and
April.  On a number of occasions in  April
they may even commence at 0800 IST.
During the months from May to September
the winds often begin at 0700 or 0800 IST.
In the months of May and June, winds
exceeding 20 mph may in a few cases start
even at about 0200 IST and continue till
about 1800 IST.

frequencies of the
winds of different durations are worked
out in Table 5. Although, on occasions,
winds exceeding 20 mph and not being as-
sociated with weather may continue for
about fifteen hours and sometimes may
not last even for more than half an hour,
their are, however, more often

(v) Duration—The

durations
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TABLE 3
No. of oceasions of winds of 20 mph or more at Delhi during the years 1946—50

(Nl assuciated with wealher)

Wind Direction

Wind —— e e A - — ————y
» Velocity N NNE NE ENE E ESE BSE 8SSE 8 SHW O OSW WsW W O WNW NW NNW Total
(mph)

JANUARY
20-29 2 —_— = - — 2 - — 2 - — —_ - 2 9 3 19
30-39 = = = &5 == ks 1 = s S I e - 5 |
40-49 o e - BT == s o=
50-50 -- — — — = = = = = — : — - - — - o
6070 — — i (1 [ — ke _— e == - = = =% = '
Total ] = = & = & 1 - 2 — - - 1 2 12 2
FEBRUARY
£ 27

20-29 3 — 1 — 3 — 3 - — — e 3
30-39 —_ = . — " .
4049 1 — — —_ == 1 1 e s = — : — —

50.59 - — - B - . . - - - == — = N
60-70 — s — s e - - = e as s e - - i - .
Total 4 1 1 - 5 1 3 — — — 1 -- 1 3 22 y § 40
MARCIL
20-29 11 2 1 —_ 3 — 9 — 2 - - - | - 16 42
30-30 5 1 1 — - - 1 1 - | - ] 5 3
40.49 — st - - 1 . - — — —_ - - —_ 1 3
50-59 — i = = . = i = HEF . . = — . - -
60-70 — —_ - - i . e . _ - - -~ — =2 —

Total 10 2 2 o 5 e 2 == [ — 1 — 5 — 32 10 sl

20-20 8 — —_ I 1 1 1 1 2 - 2 - 7 -— 11 2 37
30-30 3 1 s s 1 . 3 5 1 s 3 = [ 2 23 2 15
40-40 1 — 1 e I - 2 — 2 1 7
50-50 —_ . — = = e - = P - — — - — - e
G0-70 — —_— . - — _— . e - ~ - - -— — -

Total 12 1 — 2 2 1 1 1 ' 3 = ] — 15 9 36 '] 8]

MAY

: -}Z!l 7 —_ -— = ' —_ 7 - 3 - 1 1 { 3 ] | i1
30-30 2 - 4 —_ i -— - - 2 - 1 2 1t - 13 10 ol
40.40 - — = iz = - - - L " 5 2 1 — 1 . 2
50-59 - — — — — — — — - - — - — -_— - =
0070 - | - o - — s i s = . s = - - - -

2020 2 s 1 s 5 = 1 == 2 1 1 = 8 3 i 2 35
30-39 5 — - — 2 . 1 - - - ot — 15 2 19 4 48
40-49 2 — — = — =z = = —_ 1 1 [ — 10
50-59 - - — — s o - _ - - — - — = P - e
60-70 — -— — = s = = s Zatt ey == s P — — i s

Tutal 0 g i
2 e -

1
(1
s
s
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TABLE 3

Wi

N NNE NE ENE E

=58
(I8l

Total

20-29
$0-39
10-49
5050
1i0-70

Total

60=T0

Tatal 10

20).20
3030

10-40

an-54

0)-T70

Totul —_

DECEMBIER

30-39
400-19
B5N-59
6G0.70

Tutal
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TABLE 4
Frequency of time of commencement of winds of 20 mph or more at De hi during 1946—50
* (Not associated with weather)
Hours (IST)

PR e -— '._E
Month a a4 8% 3 P

= - (3] o

] (3] (-] (-}
Jan —_ e = =
Feb _— 1 — 1 49
Mar 2 1 3 1 8l
Apr 3 — 1 2 89
May 2 2 1 1 97
Jun 1 1 2 3 1 2 9 14 17 B8 3 8 5 3 1 — 1 3 1 2 5 1 1 1 93
Jul — 2 1 1 — — 1 9 3 7 5 1 2 1 d 2 1 4 1 — — — 1 2 48
\ug —_ e — — = — — (14 1 5 — 1 1 — 1 — 8 e e — 1 32
Sop —_— - 2 = = — = =13 T 5 2 2 2 2 9 e ] e o ] e = 3D
et —_— = — = — 1 — 1 2 2 1 4 9 & 3 — 2 1l — 1 — 1 — — 36
Nov — - —_— — = = —_= — — = 2 9 7 3 2 ] = — — ] — — — - 29
Dec -~ = — — — 1 — — — 1 5 310 3 — — — — 0 0 @ — — — 33
Year 8 12 10 12 5 T 14 45 TG 48 81 8D 81 43 31 12 5 15 5 9 12 7 7 9643

TABLE 5
Duration of winds of 20 mph or more at Delhi during 1946—50
(Not associated with weather)
Duration in  hours
——————— e — ———i—y
Less -1 1-2 2-3 3-5 5-7 7-10 10-15  15-20
Month than Total
1
Jan 2 - 7 3 f 3 —_ —_ — 24
‘eb 2 3 3 4 12 14 9 2 — 49
Mar 4 5 7 12 12 21 17 3 — 81
Apr 5 4 12 4 27 15 17 4 1 89
May ] 7 15 16 19 14 13 5 2 97
Jun 3 6 13 11 18 10 15 14 3 93
Jul 6 8 7 4 13 4 4 1 1 48
Aug 6 2 3 6 7 5 2 1 — 32
Sep + 2 S 11 6 5 3 - —_ 39
Oct [ 4 3 13 9 —_— 1 - - 36
Nov 1 - 2 5 8 6 —_ -_— - 22
Dee 1 2 6 2 16 7 — — — 33
Ycar 46 43 86 91 1556 104 81 30 7 643
. — %




154

from three to five hours. In the month of
June, also in March, April and May. the
duration is seven to ten hours on a number
of occasions. To quotz two examples of
unusually long duration, it ma2y be men-
tioned that winds excecding 20 mph
from some casterly direction hetween
and IR0O0 IST on 11 April 1946 and from
westerly direction from 0230 to 1820 IS8T
on 14 May 1946.

llIt'“'
(O2000)

(vi) Time of wmarimm gusts—The time
of occurrence of the neximum gusts  is
shown in Table 6. The maximum gusts
occur more frequently at about 1300 IS8T
during the period from October to January
and at about 1400 IST during the months
of February to May. The time of oceur-
rence cf the maximum gusts shifts to ahout
1000 IST in June, to about 0800 I1ST in
July and August and to about 0900 IST
in September.

9. Winds exceeding 20 mph, associated with rain or
thundery conditions

The number of oceasions of winds ex-
ceeding 20 mph in association with rain or
thundery conditions, and the wind diree-
tion and speed of the nuvixinuun wind are
indicated in Table 7.

INDIAN JOURNAL OF METEOROLOGY AND GEOPHYSICS [Vol. 4 Ne. 2

(r.) Number uf occasions—Winds exceed-
ing 20 mph and being accompanied with
rain or thundery conditions are experienced
rage in
the months of July, August and S'lm-m-.
berand on one to two oceasions in- February,
March. May and June. During the remain-
ing months, they may oceur once in rwo
years on the average,

ol sIX to seven oceasions on the a

el

(76) Wind velocity—Although, the meximum
winil veloeity in an isolated extreme case,
may go beyond 50 mph, it s generally
within the limit of 45 mph as in the case of
winds unassociated with weather.

(¢if) Wind direction—The direction of the

wind 1s more often southwest in March
and north in June and August. During

the rest of the year, the winds are more
frequently from some easterly direction.

(tv) Time of  commencement—The  [re-
quency of the time of occurrerce of this
group of winds is shown in Table 8. These
winds may occur at any hour of the day,
although there is a greater tendency of
their oceurrence at noon during March, in
the forenoon m July, both in forenoon and
alterncon in September and in the afternoon
and evening i May and June.

TABLE 6
Frequency of the time of occurrence of maximum wind veloeity during 194650

(Nt wxsoniated with weather)

» )
Mar 1 I 261 1 ] — — 3 2
Apr 4 1 2 — 1 P2 4 B
May P2 0 1 & 2 2 5 46 7 06
Jun - 1 - — 3 - 20 13 14
Jul — 2 - —_ - — — 2 ¥ 5 5
Aug - — - 1 - — S G 3
Sep —_ - = 1 4 10 5
Oct — — - — 1 I R
Nov —_— = Lo - _ — —  —
Dee — = — 1 = - ]
Year 7 b G 8 I | o 11 38 J9 47

S T3 TNl L 25 18 6 11 [

Haours (18T)

R . _—

A

‘EEEL L

3 8 2 9 1 -

300 6 14 G2

7 N 0 16 7 ]

3 8 I8 20 1o |

1 o612 8 8

17 6 7 4 4

2 3 %3 ¢ 1 |

| I 2 1 2

+4 2 2 4 5 --

2 7 9% 3 2 2

I A e —_ — 92
L1142 = e e PIERN,

G G4l
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on
[543

TABLE 7 .
. No. of occasions of winds of 20 mph or more at Delhi during the years 1946—50

(Associated with rain pr thundery conditions)

- Wind Direetion
Wind r —_—
Veloaity N NNE NE ENE E ESE BSE SSE 8 SSW SW WSW W WNW NW NNW Total
(mph)

JANUARY

20-29 =] = = - l = = = = - > = T e e 1
30-39 - — — - | — — -— — — — - — —_ —_ — 1
40-49 _ —_ —_ — [ - — - - — - — - — — 1
50-50 - - = = il o = = = - == - = = =
G0-70 = = = = = = e s ms e e e R e e e
Total - = = = 3 - - = = = = = . o - 3
FEBRUARY
20-20 - = = = = = = = 1 2 - = = - 3
30-30 el e e B B - = 2 - - - - - 2
40 49 == i e 1 - = - - - 2

I 2
50.59 S B a0

Gi-700

Total 1 - - = - - - 1l — 5 - — - _ L 7

1 - — - 1 - I - — - - - I - - = 4
~- - - - - 2 - = = - - = - — 1 3
1 — = = 1 — 3 - = = = 1 - = 1 7
APRIL
20-29 - - = — 1 - — — = = = = e = 1
30-39 —_ - - 1l - = = - - - - - - o - 1
40-49 e - — = — 1 - - - 1
50-59 - = Y e = e m - - - - 4 e - Z -—
60-70 e e S e T
Total —_ - —_ 1 1 —_— s — _— —_ = 1 — — —_ 3
MAY
2029 I - = —- = = = 3 - = = - = o 4
30-39 1 — = = - - 2 — = - —_— = = 5
40.49 - = = = = = = = = I - - = = 1
50-50 e T T T T e —_
60-70 S P A e T T S —
Total 2 - 1 —_ — —_ - -— 5 — 1 - 1 — — -- 10
JUNE
20-29 — - = = = 1 1 - = = = o o 2
30-39 2 = = — 1 1 - - 1 — G 1 — - 7
40-49 2 - = = - = = - a4 - 4 - 4 1 — 3
50-59 i B s e s e T A
60-70 - = = = = = = = = = e e e e e =
Total 4 — — —_ 1 1 -_— 1 2 — 1 —_— o — 1 - 12
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. TABLE 7 (contd

Wind S —— - ' - - . — -
Valocity N NXE XE EXNE . ESE =E =SE s SHYONTYOWRTOWW OWNWONW ONNW T
(mph) ) )

2029 i - - - = .

30-39 1 — - - k 5 — . I — : - . = - - 11
44-49 1 — = = - :

50.59 - .- - - - - - I : 5

6§70 — % - — = s - - - - —

Tatal 1 — t — 16 - | - 3 — s ) 7 4 o - - _r . 37

ATTGUST
20-20 5 — 3 - - - 3 - 9 = 5 e 4 . 1 29
30-39 1 - - - 2 - | - = o 1 i
40-49 2 — — - - - : - = o s - 2
H0-59 —_ — - — - - - - - - - — = = — & o
G0-70 - — — — —_ - - — — - = = - — =
Total 8 — 3 — - - b - 3 - 5 , 4 _ 9 .e 2

20-29 -— - 2 - B 1 - | 1 - 3 - - 1
30-30 1 i - 2 - 3 = =

1 -
40-49 - ” i ! z 3 . 1
50.50 - — . - 3 - - = = . = = = —c = -
(3070 = e == ™ = —= - = - . - - - - - - =
Total 1 - 3 - 1] - 3 J— 3 - 1 - ;3 - —_— 7| 27

20-20 - = - - w3 . 1 I - 1 - —_— = — B

30-30 - = - = = = - w= —_— = == = _ = -
4049 - = = = - < = = = e s - - =
50-50 - = = = = = e T e T - s = = P =

HO-70

Total — - = = = - - 1 - - = 1 = = = = 2

20-20 = S o G n S I o N - :
30-39 i

£0-10 —_ — — — — - - = —
50-59 —_— —_ - - - — = - = —_ — — - == —
(-0 — —_ —_ = —_ - - - — - = = - —

Toutal - = = = = -

20-20 - = 1 s = N - = = = 1 - - — 2
30.30 — — — = e — = r— - == = - — B . - =
4049 o = s i S . - = % - -
50-59 — — — - - - = - - - - = = - = s =
60-T0 —_ —_ - < — - - = 2 = - - bt

Tatal —_ — *1 - — - — —_ —_ — - — 1 — - - 2




duration of these winds. The duration is
more frequently less than bhalf an hour
during the six months from July to Decem-
ber. The winds may, however, continue
for five to ten hours on occasions in July,
August and September. In August 1948,
winds exceeding 20 mph from northerly
direction continued for nineteen hours com-
mencing from 0900 IST on 23rd and last-
ing till 0400 IST on the next day.

During the remaining six months, the
winds of this type generally do not last
for more than three hours.

10. Winds exceeding 20 mph in association with dust-
storm or thunderstorm

The figures regarding the number of oc-
casions of such winds, their maximum
speed and direction are shown in Table 10.

(7) No. of occasions—The number of oc-
casions of winds exceeding 20 mph in as-
sociation with duststormor thunderstorm is
seven to eight per year in May and June.
It is four to five in July and two to three
in March, April, August, September and
October. These winds are absent in
November and may occur once in one or
two years in the remaining months of De-
cember, January and February.
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TABLE 8 .
Frequeney of time of commencement of winds of 20 mph or more at Delhi during 1946 --50
(Associated with rain or thundery conditions)
-
Hours (IST)

r —— A — Al b

Month ~ % W ow D o®me o o822 B F S ¥ 2 85 5 a2
R I - T B SO . T N S N - = & 0

(= T e = = =T 5 2 =

Jan o e o e S — = L I e oo e ] = om im e e <e B
Feb —_ 1 1 — — = 1 = == 1 1 = = — = o= - - 1 = - =
Mar —_ e e e e = 1 0l e — 3 — = = ] — =] = = — =1
Apr T e . — e e = = ] e e e e = 1 — 3
May 1 1 1 — 1 = = = = = —= = = = = = | — 2 — — 1 2 — 1
Jun 2 - — — — - — — 1 ] — = =— 1 — — 2 — 1 == — 3 — 11
Jul _— 1 1 — 1 1 1 1 — 5 4 3 2 2 2 1 2 2 2 1 2 1 — 2 347
Aung _ — — ] = ] = 2 — 4 ~ 3 — 3 1 2 4 1 2 1 3 2 — — 30
Sep 1 — 1 — 1 1 2 1 2 — 1 3 2 = — 6 1 3 1 — 1l — — — 27
Oct G (T e
Nov N I S [ T B |
Dee — e e e ] = e e e e e = ] = — — 2
Year {1 3 4 1 -4 3 & > 3 11 77 0 9 ¢ 3 1013 6 9 4 7T 8§ 3 3141
(v) Duration— Table 9 indicates the (i7) Wind velocity—The highest wind velo-

city in association with duststorms and
thunderstorms during 1946-50 was 70 mph,
recorded at 1730 IST on 20 May 1950.

The wind velocity in association with
duststorms or thunderstorms often rises
to 40-50 mph and on some occasions to
60-70 mph in the months of May and June.
In the other months, although the wind
velocity may exceed 50 mph, it is general-
ly within the limit of 45 mph. In the
month of January and February, the wind
speed did not even reach 40 mph.

(iti) Wind direction—In the month of
January, the wind direction is from north-
west to north or from south and in Febru-
ary it is from north to northeast or east to
southeast. In March, the direction lies
either in the west to north quadrant or
east to south quadrant and in April in the
other quadrants of either north to east or
south to west. In the months of May and
June the direction may lie in any quadrant,
but the most frequent directions are south-
west to west or northwest to north. Winds
of 50 mph or more are also mostly from
these directions. In the months of July
and September also the maximum wind
may blow from any direction, although the
direction is more ofteéh from west or south
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TABLE 9
No. of oceasions with different duration of winds of 20 mph or more at Delhi durinz 1946 —'50

( A ssorinls

noor thundery conditions)

Year _|;|

Teal

e E—
10=15 15-20

>

10 12 1 141

in July and southwest or northeast in Sep-
tember.  In August  the direction is more
often east or north and in
either in the north to east or south to west
quadrant.  An  isolated case of this type
of wind recorded in December had wi sterly

October it is

direction.

(i) Table 11

shows the time of commencoment for this

Tiie of  commiencenent

}_?'?'u]l|1 tli‘ \\'in,nl\.
commencement of the winds in .J:!fllli!]“\'_
One of the time of ocewrrence. however,
appears 1o be about 20000 TST. Tn the
months  of  February, March and  April,
the winds commence often in the
three  hours interval hegiimivg  af 2000,
1900 -and 1800 IST  vespectively in the
three months. T May, the
winds may start ot any time of the day
or night, although they mostly hegin het-
weerr OO and 1900 IS8T, They more often
commence bhotweoen 1300 awd 1900 IST in
June, between 1200 and 1800 IST in July,
between 1100 and 1800 TST in Aungust and
hetween 13000 and 16000 IST in Hx-lm'mlwl'
and they may also oceur ot night during
these months. October oe-
curred hetween 14000 and 2100 IST and the
isolated ease in December at 1400 IST,

more

SUCCOSSIVEe

TIU‘ CAS0eN AHI_

Theve is no specifie time of

“Table 12 indicates duration
Duration of the winds
exceeding 20 mph,  in association  with
duststorms  or thunderstorms is less then
half an hour in January and February, The
duration is more often less than half an hour
also i the months of March, April, July,
August, September and October hut in these
months the duration may be as long as
about five hours in a few cases.  During May
and June, the duration is more often one to
two hours and inereases to five to seven
hours in some cases.

() Duration

of  these winds.

11. Bynoptic sifuations associated with strong winds

 ([0) Situations causing strong winds without
weather (excepting dusthaze)—Winds  of this
type are observed to blow over Delhi predo-
minantly from the northwesterly direction,
They are also observed on a large number of

from
easterlyv directions.

oceasions westerly, northerly and

The northwesterly direction is connected
with the eastward passage of some of the
western disturbances through the Punjab
(1) and  neighbourhood.  Conditions  for
oceurrence of the strong winds are favourable
when the disturbance is fairly aetive, 1o

fresh western  disturbance  immediately
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TABLE 10

No. of occasions of wind veloeity of 20 mph or more at Delhi during the years 1946= 50

(Associated with duststorms or thunderstorins)

Wind Direction
S

Wind —
Velocity N
(mph)

NNE NE ENE SSE 8 SSW OBW WSW W WXNW NW KNW Tofal

JANUARY

20-29

e e e e e e e e s | s

30-39 1 = e = e e = mE = = & B i

40-49 e e e e e e I . ) . N o

50-50 s S sy mm w2 B N B

670 _— —_ — — e — - — — -

Total 1 —_— — — — - — — 1 - - o i B 1 ) B 3
FEBRUARY

20-20 i L= i = 1 I s s 1, == . _ ;

30-39 = = = = em ow=  T — — S I 1

10-40 S T i G A - )

H0-59 — —_— - — — " — —_— - — . -

G0-70 [— — = = - Hs - — == = -

Total I = @ = 1 a 3 = i o= = o = e 6
MARCH
20-29 B s w= e, B R e e 2 —_ o . i
30-39 I = = = - 1 - e -8
40-49 1 = o o R, = Em = =, e T S &
50-50 = o e e s ok e b e _ 1 = o= o=
60-70 = A = o= = e o _
Total § |== == == & == 1 = @ 1 F = 8 o o e 18
APRIL
20.29 R P o I
30.39 1 | — 3 @ 4 e = ais = T & 1 @l o= "o
40-49 R R S s S S - =
50-59 — = e O . : - |
60-70 1l = i e e e ) o - !
Total 2 — 2 1T 2 — - — 1 T T BET
MAY
= = = en e owma s wm e ) e mem s = 2
1 B o T o= = = 10 s [ | 1 g
30— 2 — 2 - = = 1 1 1 - 1 — 1 15
3 - —_ —_ -— _ 1 _ — - 2 1 - 1 3
1 = 1 — e o = e e — i - 1 = S |
Potal 8 2 3 — 3 — 2 — 2 1 9 — & — 3 T
JUNE
9).29 A T . o = )
30.39 1 —- —_ — 1 Yo o - 1 —_ 4 1 1 2 1 2 12
400-49 6 | [ N S  J— - [ 3. 17
50-59 8 = o= = e o e o —m — 2= T N !
60470 Pl T T iy pmmye ; 1
Total 11 —_ 1 — 1 - i — 3 — G 1 ) i 2 5 - 1__-::.?
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TABLE 10 (contd)

Wind Direction .

Wind PN L T ENANE=S iy = N PN P . :
Veloeity N NNE XNE ENE E  ESE  SE SHE 80 SEWOOSWOWSW O W WNW ONW ONNW Total

(m‘u.?;]
—— e e — e

20-29 Sy - - . 1 — 1 = s
J0.30 1 — 1 = 3 e} == u —

40-40 1 -

50-59 — — o < — ) .. . 1 - -

60-50 = = s - i S = e s - = - -
Total 2 = 3 = = 3 = { — pLt 1 A - 2 1 23
AUGUST

2020 1 - - I = — 1 1 7
30-30 1 = L 2 - = - |.
40-40 —_— s — = N . - - — _— = 5= == - =
50-50 = i — | & s - — s — - - — 1
00-70 i . _— . - = = = = - s -
Total 5 — . H - | - = - = 1 - 1 e 14

20).29 2
30-39 — ==

40-49 -_— . Py ey s = . . — | — . — i = 1
50-50 — 3

6i0-70 -

Total 2 — 3 - b - (I 2 30— 1 1 1 16
OUCTOBER

20.20 — —_ == = 1 == —_— —_— - 1 — -— - 2

30-30 1 — 1 1 . — - - 1 = — 8 = e == i

40-40 — S = S - - o - - — s — - 1 — 1

50-59 =SS em e i —_ R, i P S e s =

60-710 —_ — - s - - - - — - - - . — o _

Total 1 — 1 o - i W 1 1 —_ o 1 —

NOVEMBER
20.99 -— — =) = = : =3 —_ —_ - — —_ — = - 2=
30.30 e - - — — - == ~— == == = _—
40-49 — = = == L - = e - s — — - — e o
51150 - - - R = = 3 =
130700 — == . R — = = = = -— - — —_— - -
Total — = i = s = == o — — — - —
DECEMDBER
1,29 _— — — — . . — s - —_ — —_ - —
A0-39 —_— i i e = . = s i _— — — . — —
1049 — —_ — - - — == i - - = 1 - — \
560 -— e s = s - - - —_— — — — s, -
G070 — —_— == s =s . A= == = i s 2y e s
. R ; = . = == ~ :

Tutal - —_ — e — = ias == Wi s
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TABLE 11

161

Frequency of time of commencement of winds of 20 mph or more at Delhi during 1946—50

(Associnted with duststorms or thuaderstormes)

Hours {IST)

e o - |

1 & w13 =S - S~ S B B T =

T 9 9 7 E iy ; b = M -

2 dd xS 225358 8-

Jan ] = — e em e e em e e e = ] = = e = = = = ] — — — ]

Fely ] — e = = — — 1 —_—— = == ] — - e e = 1] = 2 — ¢

Mar —_ e e = = = = e = ] = — — 1 1 3 2 2 1 1 12

A —_ —_ — — — - — —_ —_ 1l — — — — 3 1 56— = 11

.\1{:7\" 2 1 - — 1 -- 2 1 1 1 1 1 3 ¢ 1 %7 2 1 1 1 2 2 37

Jun — 2 — 1 1 2 - — - — e 2 2 8 B 5 % 1 —= 2% 1 — 35

Jul 2 1 2 | = SR = -~ — 1 | 3 L3 ]l — — 2 — 2 — 23

Aug ity 1 o e S i E 2 — 2 1 2 838 2 — — 1 — — — 14

Sop. . — @ . B — — = ! 5 8 = 1 = = 1 1= = 16

Oet _— - - - — - - — - — 3 3 - 1 | (RS ) 1]

: i D o o I - A T R

II):.):' —_— = - — — - e - 1l - — = — - — — - 1

Veir 7 3 4 3 2 3 — 2 3 1 1 3 4 S 19 2 1218 10 6 14 6 8 4167

TABLE 12
No. of oceasions with different duration of winds of 20 mph or more at Delhi during 1946—50
(Assoriated with duststorms or thunderslorms)
Duration in hours
Month —— — = —-&——"—.—. e ===y I'otal
Loss -1 1-2 o 3-5 57 7-10 10-15 15-20
than &

Jan 3 — — - —_ — - - 3

Feb 6 = r— — = = — — = 8

Mar 7 I 1 2 — 1 — — —_ 12

Apr 3 2 2 i 1 2 — — —_ 11

May 4 7 12 1 4 - 1 — 37

Jun 5 3 10 S 9 — —_ — — 25

Jul 1i 7 3 2 — — -- — — 22

Aug 10 — 1 = 1 — — — = 14

Sep 6 4 3 1 - 2 — - — 16

Oct 4 2 — i i 1 — - - 9

Naov -- — _— - — S- — — — o

Dec — i — 1 = = - = i 1

Yoir 5o 26 32 23 16 10 = 1 — 167
overlakes the previous disturbance and no than results in these winds. An elongated

residual or induced low remains over the
northern Punjab and neighbourhood. An
clongated low extending from the Punjab-
Kumaon hills to Bihar also presents a situa-
" tion of strong winds.

Westerly winds are ohserved mostly in
the hot weather months and during the mon-
soon period. "During the hot weather period
steep pressure gradient over Sind :j_:_ul Rajas-

.

\

trough extending from Baluchistan to the
Punjabs alzo causes strong winds on succes-
sivedays. Strong westerly winds during the
monsoon period are generally associated with
weak monsoon. During the weak monsoon
period in August 1950, westerly winds
gusting to 20 to 30 mph blew over Delhi for
about ten days in succession commencing at
2bout 0800 IST and lasting for two to four
hours each day. 1In September 1946,
L
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wcsf(‘rl_\' winds gusting to 25 to 35 mph con-
niencing  at O300 IST and lastinge for two to
five hours contihned over Delld for thirteen
days in suvcession,

Winds from the northerly
more often observed m March.
also observed on a nuniber of
the period from April to June and in Octoher
and December. Northerly winds i Octo-
ber and December mostly oceur during th
day time while those during the
months occur mostly during the nighr e
Strong northerly winds in the sunmer n
may occur when a fairlvy cetive w
disturbance passes away througl the Pungeh
Kumaon hills in the eveinge or
duststorm or thunderstorm pesses i
vicinity of the station.  Winds
with the western disturbonees mzy continue
for seven or eight bours while those conneetod
with the dueststorm or thunderstorme moyv
last for one to three hours, The northerly
winds in October and Decomber may he due
to onrush of the Sub-Tlimalavan airin connee-
tion with the eastwand al a low
pressure systen.

direetion ar
Titﬂ'\'

"f"'1|‘.fili:'* |

stern

Ininluilg 1t

th
l'-)i‘ll.l‘l‘l\(l_

]'g“'.‘; L

Strong winds of easterly divection are
more often observed during the active maon-
soon periods in association with the woest-
ward passage of the nwonsoon depressions
from the Bay of DBengal.  Gusty  winds
from east to southeast are also obsoived in
connection with  the western disturbances
when o well-marked Tow ll.-\'-'l.-lrs over th
Punjabs or o trough extends !
from the Peninsula te the Punjabs with a
low over the Punjabs and a sccondary over
Rajasthan or further south.

praciicetin

Strong dust raising winds from west to
{northwest during day time in the swnmer
culminate into duststorims or thund: rstorins
in the afternoon or evening on some dayvs,
Similarly strong  gusty winds from som
easterly direction may also result in i
or thundershowers, particularly  during
the winter period and heginning of the
summer.

(i?) Situations eausing weather thel ey be
accom panied awith strong winds—During the
winter period, weather oceurs over Delli in
connection with some of the western distur
banees or their second®ries.  In the beein-

ning of the winter many of the western dis-
turhatics without
westher

way
Delhi.  Rain or
ocenrs over Delhp wh

f;.us [l]'mlljl‘i!'j_"
thunder-

afetive

over
ﬂni\\'r‘]‘
moves rastwerds throueh
4 socondary
preforal Iv fed with

the ];.'\ of
with the western
weather

"
Lstarn

aover

ir fron
colnerction
disturbances of the wincer 1 riond,
over Delhi without
1ts preoceuiience in the west or northwest.
thanderstorms  from
northwest may affect Delhi o the evening
atd some milder weather [rom west i the
morning.  On 15 Janoary 1949, @ thunder-
stovie reported earlier by o pilot to the
northwest of Dellii came over Dellii at 1930
IST. Clouds dissolved Ty midnight bt
skv ozoin became  overeast and assumed
threatoning appearance on the next morning
due to some effeet from the weost, which was
neaked carlier by ocewrrence of thunder-
stormoat Jodhpur.  Sometimes thunderstarm
to the westnorthwest at Hissar at night
affeets Delli 2t late night or in the morning,
On the 10-11th night of February 1949, a
thunderstorm with guarter inch of vein was
recorded n!||_\' la}' the obst rvatory at Hissar.
There were thundery conditions at Delhi on
the next morning with a squall of 45 mph
from northinorthwest at about 0730 [ST.
[ Karachi gets vain or drizzle, Delhi is very
likely to have rain or thundershower,

el BT ?CIH_‘. ljll: = ot oeeur

(hy sonw OCCASIOILS,

Duving the summer months, particularly
the eovlier ones, duststorms or thunderstorns
at Delhi oceur in association with the westermn
their secondaries i the
nerier s deseribed for winter period. A
wastern disturbance may also pass rlir(‘('ﬂ}'
throvgh Rojesthan wud cause the duststorm
or thuwderstorm, A trough line nese Delhi
observed by the wpper wind shift 2t 10,000
and 12,000 11 §s also a factor for anticipation
of thew sther,

disturbanees or

Althouelh. moderate 1o strong northwester-
Ivowids over Delhi are suggestive of fajr
weather during the winter period, such winds
i association with southeast to south upper
winds neer Bikaner are generally followed hy
duststornis or thunderstorms in the evening
or night during the sumumer months, Onse
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of fresh winds from southwest to west parti-
cularly In the later summer months results
in duststorms and thunderstorms in the after-
noon or evening., Strong surface winds during
the day time particularly in the months of May
and June when dry adiabatic or super adiaba-
tic lapse rate exists over the area upto 10,000
to 15,000 ft. canse thick dusthaze extending
upto 10,000 to 12,000 ft. Appearance of thick
dusthaze upto high levelis followed by dust-
storm or thunderstorm in a day or two. Some-
times the duststorm or thunderstorm may
occur after three or four days when other con-
ditions are not favourable. The cumulonim-
bus clouds causing these duststorms have gene-
rally the bases near about the upper levels of
the haze layer and may he caused by the
heating of the upper levels of the dusthaze.
On some occeasions during the summer
months, the duststorm or thunderstorm may
oceur over Delhi without any previous
indieations. On 2 number of occasions,
however, the duststorm or thunderstorm is
observed earlier in the northwest or north at
Hissar and Ambala and in the southwest to
west in the Jaipur-Bikaner section, Rewari,
about 50 miles to the southwest of Delhi
often reports occurrence of duststorms or
thunderstorms one or two hours before
Delhi gets them. The duststorms or thunder-
storms when reported by Jaipur alone, may
sometimes affect Delhi and at other times
may pass south of Delhi. The duststorms or

' thunderstorms oceurring in the Delhi-Jaipur

section in the hot summer evening generally
move to the east to the Lucknow-Kanpur
sector at late night or early morning and die
off there.

During the monsoon period, one of the
factors affecting weather at Delhi is the
depressions that develop in the Bay of Bengal
and move in the west or northwest direction.
All these depressions, however, do not produce
weather over Delhi. Those coming very

near Delhi or recurving through, or north of
Delhi produce marked weather. Sometimes
a low pressure wave moving from west to
east apparently makes an arc of convergence
which is marked by heavy rain along the arc.
Sharp replacement of the easterly winds by
westerly

ones and vice versa generally
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produces rain during the monsoon period.

During the post monsoon period, the chances
of weather over Delhi are small. One or
two depressions of the late monsoon period
nay come up as a low pressure area towards
Delhi in October and cause rain or thunder-
shower.

12, Comparison with the winds at Allahabad

Winds exceeding 20 mph are absent at
Allahabad in November and December and
particularly so also in October, whereas in
Delhi, they are observed throughout the year,
Delhi has greater frequencies of days of
such winds in all the months of the year.

The upper limit of the velocity of the winds
not associated with weather is abhout 40 and
45 mph in the case of Allahabad and Delhi
respectively. The small difference may he
partly due to the head of the anemograph
being on a higherlevel at Delhi. Excepting
the monsoon period, the direction of the
winds unassociated with weather is generally
west to northwest at Allahabad, while at
Delhi, although the direction is west to north-
west on many occasions, it may also he from
north, or east to southeast on a number of
0CCasions,

The wind speed in association with the
duststorm and thunderstorm is within 50
mph on many cases both at Allahabad and
Delhi and may rise to 70 mph in a few cases.
The record wind speed has been 70 mph at
Delhiand 100 mph at Allahabad.

The duration of the duststorms and
thunderstorms in the hot months of the year
is more at Delhi than at Allahabad. ,
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