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ABSTRACT. Study of western disturbances approaching NW India and neighbourhood during
winter period (November-March) has been made with the help of satellite cloud imageries of 10 years.
It has been shown that threc distinct types of cloud masses could be detected, of which the most
common ones are the overcast shapeless cloud masses forming in the belt 25 deg.-35 deg. N, 40 deg.-
50 deg. E and approaching NW India moving eastward. They are associated with the secondaries of
the extra-tropical depressions moving NE'ward from the Mediterranean. These secondary systems
generally form in the Persian Gulf-Black Sea region and move ENE/E'wards over an area (Middle
East) of generally sparse data, thus making it difficult sometimes to follow them on synoptic charts
properly. These are mostly shallow systems not extending above 700 mb. The study of cloud masses
associated with them shows that they remain well organised and could be followed systematically. They
reach the country in about 2 days' time from the Persian Gulf area and sometimes strengthen when
over NW India. For the piediction of such systems, therefore, satellite cloud photographs seem to be
of great help.

1. Introduction

It is well known that majority of western
disturbances affecting NW India approach from
the west as weak systems. The lack of data over
the Middle-East and the hilly terrain over which
they pass, make it very difficult to forecast their
movement and strength. Only a few strong ones
can be traced on synoptic charts systematically.
And even in these cases, the experience is that
their organisation changes so fast as to take the
forecasters by surprise (Singh er al. 1977). A
perusal of satellite cloud pictures of western dis-
turbances, however, reveals that clouds show
better continuity and indicate the movement and
strengh of the system better than the synoptic
charts, particularly in those cases where the
system is not very strong and organisation on
synoptic charts is poor. It is these cases which

(249)

really cause great problem for the forecasters.
Hence in the present paper an attempt has been
made to study the approach of weak western
disturbances over NW India from the Middle-
East with the help of satellite cloud imagery.

Bhaskara Rao and Morey (1971) classified
the cloud patterns associated with western distur-
bances into five broad categories and discussed
the synoptic situations generally associated with
them. We scrutinised satellite cloud pictures for
10 years and found that cloud imageries can be
classified into three broad categories:

1. Organised system (Fig. 1) with band-
ing sructure and vortex which are
generally associated with well develop-
ed extra-tropical depressions (Anderson
1966).
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TABLE 1

Position of first organisation over Middle-East (West Zone) and occurrence over
India and neighbourhood (East Zone)

West zone East zone

Cloud mass Approx. centre Cloud mass Approx. centre No.
A N whg. A A

Rl r r

- Lat. Long. rLat. Long. Lat. Lon; Lat. erg.1
(°N) (°E) (°N) (°E) (°N) (°E) (°N)

12 Oct 69 35-40 44-55 37 48 14 Oct '69  North East North
of 32N  of 70E of 32N

29 Oct "69 25-32 50-60 28 30 0ct 69 35 62-68 35

18 Nov 69 25-34 38-50 28 44 20 Nov '69  Over west 35
Himalayas

15 Dec 69 28-38 45-52 33 50 16 Dec 69  34-38 36

25 Dec "69 30-35 45-51 33 50 27 Dec 69  30-35 33

10 Jan 70 28-33 45-55 30 50 12 Jan *70 %rgund 30

21 Jan'70 30-35 45-53 33 48 22 Jan '70 A}r(c):und 30

26 Jan 70 25-30 45-55 28 50 28 Jan *70  22-30 26

11 Feb *70 30-35 40-50 32 45 13 Feb'70  30-35 32

15 Feb '70 28-33 50-59 30 52 17 Feb 70  20-30 26

21 Feb '70 25-32 50-60 30 55 22 Feb 70 25-30 28

12 Jan 71 28-38 40-50 33 45 14 Jan '71  North 30
of 28 N

30 Jan 71 30-40 45-52 35 48 1 Feb'71 25-35 30

5 Feb '71 30-40 45-55 35 50 7 Feb 71 30
16 Feb '71 3040 42-50 35 46 17 Feb 71
22 Feb '71 25-31 52-60 28 55 23 Feb '71 30
9 Nov'71 30-35 45-55 33 50 11 Nov '71 30

— S+

B o= RN

B = e b2 B

17 Nov '71 30-35 3545 33 40 20 Nov '71 41
27 Dec *71 — — 30 50 30 Dec '71 35
10 Jan '72 — — 30 50 12 Jan'72 30
25 Jan '72 30 40 27 Jan '72 28
13 Feb '72 35 45 15 Feb '72 70 36

MR N W W

20 Mar '72 30 50 22 Mar '72 65-75 33
5 Dec'72 35 51 7 Dec '72 65-70 35
1 Jan 73 25 48 4 Jan '73 60-70
9 Jan '73 32 50 11 Jan *73 65-75 33

14 Jan 73 30 55 17 Jan 73 65-75 32

20 Feb *73 30 50 22 Feb'73 60-70 30
2 Mar 73 32 50 4 Mar '73 — 30

15 Mar '73 30 50 17 Mar *73 70-80 30

16 Jan '74 30 50 18 Jan 74 65-75 31

22 Jan '74 30 50 24 Jan 74 —_ 30

29 Jan 74 30 46 31 Jan '74 65-75 32
1 Dec'74 33 68 3 Dec'74 75-85 23

12 Dec '74 30 14 Dec 74 70-73 30

19 Dec 74 57 21 Dec '74 65-75 31

24 Jan ’75 2 26 Jan '75 65-75 28

28 Jan '75 5 30 Jan '75 75-80 28
1 Mar 75 3 Mar'75 7v 28

BN RN N RE DR NN W W N
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TABLE 1 (contd)

West zone

Approx. centre
A

East zone
Cloud mass Approx. centre No.
AL A

f . r 1 r A r h | of
Lat. Long. Lat. Long. Lat. Long. Lat. Long. days
(°N) (°E) (°N) (CCE) (°N) (°E) (°N) (°E)

Cloud mass
AL

10 Mar 75 25-30 70 28 70
13 Nov'75 — — 30 70

1 Dec’75- 30 30 70
12Jan'76 — 30 70
23 Jan'76 — 30 68

8 Feb 76 33 73
12 Feb ’76 30 72
24 Feb '76 28 68
15 Mar ’76 32 70
17 Mar '76 29 75

3 Jan '77 30 70
13 Jan 77 37 73

9 Feb 77 35 68
29 Mar '77 30 70

5 Jan '78 33 66
12 Jan ‘78 33 70
28 Jan ‘78 35 76
10 Feb 78 23 68

8 Mar '75 30-35 50 32 50
11 Nov '75 30-35 50-55 32 52
29 Nov '75 30-35 50-55 33 52
10 Jan '76 25-30 50-55 28 52
21 Jan '76 — - 30 50

6 Feb 76 - - 25 55
10 Feb 76 55 28 55
22 Feb '76 55 28 55
13 Mar '76 28 50
15 Nov ‘76 28 50

2 Jan '77 30 50
12 Jan 77 30 55

7 Feb ‘77 30 53
27 Mar 77 28 53

4 Jan '78 28 52
10 Jan 78 29 51
26 Jan '78 33 58

7 Feb '78 34 47
28 Nov '78 30 48 30 Nov '78 34 76
16 Dec '78 40 50 18 Dec '78 38 68

Total 1818.0 2979 1834 4132
Average 31I°N 50°E 31°N 70°E

—
—
NE NN WRNRN=,RNRN= = NN RDRN

(2) Key to Meteorological Records docu-
mostly WSW-ENE from Central Arabia mentation monthly issue of environ-
to India and progress eastward slowly. mental satellite imagery upto December
They are mostly connected with broad 1974.

shallow troughs in the upper wester- ; ;
-~y (3) Scanning radiometer data of NOAA
hes: (Rao of &b, 1971). satellite from microfilms — upto De-

2. Latitudinal bands (Fig. 2) which extend

3. Overcast masses which may sometimes
show moderate meridional banding but
are mostly shapeless and extensive
(Fig. 3). These are by far the most
common form of eloudiness approach-
ing the country from the west.

In the present study we have examined in
details the formation of these overcast cloud
masses (category 3) over the Middle-East and
their approach over NW India with the help of
satellite cloud over NW India with the help of
(1969-1978).

2. Data

The satellite cloud data used in this study
were taken from :
(1) Catalogue of Meteorological Satellite
Television cloud photograph — pub-
lished by ESSA upto 1972,

cember 1978.

The period of study was confined to the winter-
period, i.e., November through March, for the
year 1969 to 1978.

3. Analysis

In all 59 cases of overcast cloud masses
(category 3) were found during this period, in
which the formation, movement and approach
of cloud masses over Indo-Pakistan region could
be established with confidence. These cases are
listed in Table 1 which shows the date of initial
detection of the cloud mass, its extent (Lat.-
Long. wise) and its approximate centre. It also
shows the date on which this cloud mass reached
NW India or neighbourhood, and its approxi-
mate centre there. It can be seen from this table
that most of the overcast cloud masses which
arrive over NW India or neighbourhood are first
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TABLE 2

No. of cases of clouds and their location of formation in West Zone (30-55° E) which could be followed up to
East-. 55-80°E)

Zone (

Favourable positions of organisation over
Middle-East (West Zone)

Latitude ~ \
40-45 45-50 50-55°E

Position of occurrence over India and nei-
ghbourhood (East Zone)

5560 6065 6570 7075 75-80°E |

Latitude .

40-45
35-40
30-35 (a) 4 (b) 11 € 3
25-30 @1 (e) 1 (f) 14

20-25

40-45 ®) 1
@1 (M1
(e) 4
®3 @1
4
©1
(e) 9 (e) 4
()6 (f)3
) s
©2 (@1
20—25 M1 @1

NOTE : (@), (b), (€), (d), (&) & (f) indicate position of clouds that formed in West Zone and followed up to East Zone.

noticed between 25 deg. and 40 deg. N, and
40 deg. and 55 deg. E. The approximate centre
being 31 deg. N/50 deg. E. They move ENE/
eastwards and arrive over the norhern part of
Indo-Pakistan region in about 2 days’ time. The
average position after two days movement is
31 deg. N/70 deg. E. Thus the overcast cloud
masses of the type discussed here, move at the
rate of about 10 deg. longitude per day from
the Middle-East to NW India and neighbourhood,
moving in an approximately easterly direction.
In individual cases, however, the movement is
not only northeasterly but southeasterly also as
can be inferred from Table 1 columns 4 and 9
(the approximate centres). It may, however, be
noted that the centre and the movement of a
cloud mass can be estimated only approximately
because its area and shape change all the time
due to continuous process of dissipation and
formation going on in it. The progress of these
cloud masses could not be followed further east
because they all entered the Himalayas by the
time of- next observation and their shape and
extent got highly distorted.

Table 2 gives the distribution of these cloud
masses (with respect to their centres as in
Table 1), in five degree Lat.-Long. squares in the
belt 20 deg.-40 deg. N and 35 deg-80 deg. E.
The initial formation area is located to the west
of Long. 55 deg. E. The subsequent progress of
cach of these cloud masses upto which it could
be followed, -is .located to .the east of Long.
55 deg. E. Identical suffix in the two zones
indicate the movement of the same cloud from
west zone (west of 55 deg. E) to east zone (east
of 55 deg. E) based on satellite pictures. From

this table the following inferences can be drawn:

() The initial orgapisajion area of the
overcast cloud masses studied here, is
in the belt 25 deg. N to 35 deg. N
and 40 deg. E to 35 deg. E, a large
majority of them between 45 deg. E
and 50 deg. E.

(i) Most of these move in the same lati-
tude belt castward and could be track-
ed upto 75 deg. E, though a greater
number of them could be followed
upto 70 deg. E only. This is because
most of them form fairly north (aver-
age Lat. 31 deg. N— Table 1) and
their passage beyond 70 deg. E is
over the high mountain ranges of
Hindukush and the Northern Hima-
layas. Hence their organisation becomes
distorted and cannot be traced with
confidence,

(itf) As an example of their progress east-
ward it can be seen that of the four
cases marked with suffix 1 in the west
zone, one is seen in the square 35-40
deg. N, 65-70 deg. E; another in 30-35
deg. N, 70-75 deg. E; The third in
25-30 deg. N, 70-75 deg. E and fourth
in 25-30 deg. N, 60-65 deg. E.
This shows that a cloud mass in its
_passage eastward can move fast or slow,
northeast, east of even southeast, and
can disorganise before reaching NW
India. But it is apparent that a great
majority of them reach upto 70 deg. E
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Fig. 1. Satellite picture of 29 November 1975 (VIS) showing a
system with banding structures and vortex at ‘A’

Fig. 2. Satellite picture of 22 January 1974 (VIS) showing Fig. 3. Satellite picture of 15 March 1973 (VIS) showing
latitudinal cloud bands ‘A—B-—C, overcast cloud mass at *A’
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Fig. 4(a). NOAA-4 SR (VIS). Orhit No, 14619; 26 January
1978 at 10-50-47 IST

Fig. 4(b). NOAA-4 SR (VIS), Orbit No. 14631; NOAA-4 SR (VIS), Orbit No 14643 ;
27 January 1978 at 09-50-49 IST 28 January 1978 at 08-50-52 IST
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TABLE 3

No. of cases of clouds formed in West Zone and moved to
East Zone after (A) 24 hr and (B) 48 br

Lat. Cases in West Zone

(°N)

Cases in East Zone

40-45° 45-50° S0-60°E  60-65° 65-70° 70-85°E

30-35 11

25-30 19 14

(A) 1
(B) 12
A2 (BS5
(B) 18

retaining their identity and then break-
up over the hills. Similar is the case
with all the other groups as can be
seen from the Table 2.

(iv) Tt can be seen that the belt of 25-35
deg. N is the most prominent belt as
far as the activity of western distur-
bances of this type is concerned.

Table 3 shows the time required for the cloud
masses formed in the west zone to arrive in the
east zone. To study their movement individual
cloud masses were tracked and their positions
after 24 hours, 48 hours and 72 hours were plot-
ted in five degree Lat.-Long. squares. It shows
that in almost 80% of the cases a cloud mass
took two days to reach the east zone (Indo-
Pakistan region).

4, Synoptic situations

Synoptic situation associated with a typical
case of this type is discussed below :

Western disturbance of 26-28 January 1978

Figs. 4 (a, b, c) give the organisation and
progress of the cloud mass associated with this
western disturbance from about Long. 50 deg. E
to NW India.

The cloud mass over Iran and Afghanistan,
seen in Fig. 4(a), was associated with a well
marked low pressure area over central Iran at
26/0000 GMT. The upper air cyclonic circula-
tion associated with this system extended upto
850 mb with a feeble trough at 700 mb. Higher
up the trough was not traceable. Fig. 4(b) shows
the cloud mass associated with this system the
next day when it lay over Afghanistan as a low
pressure area with associated upper air circula-
tion extending upto 700 mb (27/0000 GMT).

Fig. 4(c) shows cloud mass associated with
this low over Punjab, Himachal Pradesh, J&K
and hills of Uttar Pradesh on the 28th. The low
lay over the Punjab with associated upper air
cyclonic circulation extending upto 700 mb.

From the above discussion it is obvious that
the system though well marked at the surface,
did not extend beyond 700 mb at any time. The
cloud mass associated with it (Fig. 4) was, how-

ever, extensive and could be followed systemati-
cally.

It appears that the systems causing overcast
cloud masses of the type discussed here develop
mostly in the Persian Gulf-Black Sea belt as
secondaries of extra-tropical depressions from
the Mediterranean which move NE'ward. These
systems are comparatively shallow, seldom ex-
tending beyond 700 mb. At the surface too their
organisation is often poor, appearing as a series
of weak lows or shallow troughs. It may partly
be so because of the general lack of data, over
the Middle-East over which they move, making
their accurate synoptic analysis rather difficult.

The clouding associated with such systems
are typically shapeless overcast masses which are
extensive and persistent and their progress can
be followed systematically from satellite photo-
graphs. Thus these cloud imageries are a great
help in the forecasting of the strength and move-
ment of these shallow systems,

5. Conclusion

(1) Overcast cloud masses, studied here, are
associated with westerly systems which are first
detected generally in the belt 25 deg. to 35 deg. N
and 40 deg. to 55 deg. E as secondaries of extra-
tropical depressions moving NE'wards from the
castern Mediterranean. They are lower tropo-
spheric systems extending mostly upto 850 mb
(or at best 700 mb) and showing rather weak
organisation at the surface.
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(2) Cloud masses associated with them, how-
ever, show better organisation and continuity
and can be followed systematically with the help
of satellite photographs.

(3) They move generally in an easterly direc-
tion at the rate of 10 deg. Long. per day from
the Middle-East to NW India and neighbour-
hood and arrive over the latter area in about
two days’ time,

(4) They mostly maintain their identity during
this period and occasionally strengthen on
reaching the Indian region.

(5) Region of 25 deg. N to 35 deg. N is the
most active belt for the development and move-
ment of this type of cloud masses.
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