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Part III. Discussion of Typical Synoptic Weather Situations

1.1 Winter = Western Disturbances and their Associated Features

by

¥.b. Ras and ¥, Sriniwvaszan

1. BSeasonal Distributionm of Pressure, Rainfall, Thunderstorms and Fog,

i | The months of Japuvary and February form the winter periocd. Howewer,
For northern India December may also be considered as a winter momth. [During
this seaton pressure over India incresses from scuth to north as part of the
Siberian High. A ridge runs from central parts of the country to the east
coast of south peninsula and there are two troughs, one along the west coast

of peninsula and another from Tenasserim coast to Assam. In December the

ridge runs more inte south peninsuls than aleng the coast, Bone of these pres-
fure systems appears to hawe 3 dlrect bearing on the dewvelopment of weather ower

northern a2nd central Imdia,

1.3 Rainfall is more in Jamuary and February than in December in the nor-
thern and central parts of the country. In December maan monthly rainfall
greater than L cm is confined to Jammu and Kashmir, Punjabk, Haryana, Himachal
Pradesh, hillkof west Uttar Pradesh and northeast Assam. In January the réin-
fall not only incresses over the above areas but alsa rainfall exceeding 1 em
extends owver East Rajasthan, 'Mtar Pradesh, Madbhya Pradesh and northeast India.
From January to February, there is an imcrease in raimfall by about 1 em in
West Bepgal, Bihar Plateau, Orissa, southesst Madhya Pradesh and adjolning

Vidarbha and 1 to 3 cm in Aszam. There i3 a slight decrease in Jammu and Kahmir,
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Punjab, Harvana,; southeast Ralasthan,; West Megdhya Pradesh and the adjoining ames.
During all the three months, rainfall decreases southwards from the lower zlopes
of the Himalayas; there is less rain alomg the foot-hills of the Himalayas bet=
wee East Uttar Pradesh and west Assam, than elther to the west or east. Sig-
nificantly, in January and February a rainfall maximum of the order of 2 to 3 cm
ocours over northeast Madhya Pradesh and Bihar Plateauy this is due to the for=
mation of induced lows in thlis nelaohbourhood, This Ls also reflected in the
meg1 monthly number of rainy days. The Himalayan ranges of Himachal Pradesh
and Kashmir get 4 to 9 cm of rain in Dec; it increases to 12 to 20 om 1n Jan=
vary and Februvary. Hortheast Assam gets about & em in February., The maximum
numaer of ralmy days 1% along and near Western Himalayes and northeast Assam,
They are about 6=11 days per month in Himachal Pradesh and Jammus and Kashmir in

Jamuary and February and 3 to & days in northeast Assam.

1.3 During the winter periecd, rainfall gwver morthern and central India; par—
tienlarly the plains, is freguently sssociated with thunder. In Kashmir and
Himschal Pradesh precipitation is not zo much associated with thunder. The
frapency of thunderstorms is wvery small in December, It is about ome day in &
month in December (which is the maximum) ln the hills of West Uttar Pradesh. It
ia 1.% day per month, im Punjab, Haryana, Himachal Pradecgh, “West Uttar Pradesh
and adjoining East Rajasthan, West Madhya Pradesh,; gouthern parte of East Uttar
Pradesh and Morth Assam, In January, there is a slight increase in the thunder-
storm activity and the isclime of one day covers Punjab. Haryana, Himachal Pra—
desh, Uttar Pradesh, north Wadhya Pradesh and Bihar Plateau, with a small area
of two days ower north Madhya Pradesh and hills of West Uttar Pradesh. Febrio-
ary is similar to January, except that there is an Increase in the frequency to
three days over northeast Assem and the frequency of one day per month extends
ta north Orissa and Gangetic West Bengal., The duststorm frequency is very in-

significant during the winter.

1.4 The number of days when differant parts of the country are affected by
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synoptic systems likely to cause Tain or thunderstorms is more than the number
of days of rain or thunderstorm at amy station. WMot all statlons in am area

gat rain at the same time even when affected by appropriate synoptic systams.

I.% Though fog is infrequent over India considering the whoele year, northern
India ls most susceptible to mornming radiatlem fog in winter, Assam valley and
Gangetic West Bemgal hawve the highest frequency. In paris of the Assam valley
there are more than twenty days of fog in each of the menths; December and

January. TFog statistics at many Indian observatories are under—sstimates as by
tha usual time of observation of 0830 IST (03 GMT) fog would hawe dispersed and

tha earlier phenomenon may not have been carefully obsarved.
2. Western Disturbances

2.1 During winter cloud and precipltation belts are seen to move from west to
past owver northern India. The cause of these cloud and precipitation systems
cams to be referred to asz “"western disturbances". The adiective "westerm"
implies that the disturbances approach from the west, in contrast to most of the
rain=giving systems in the principal rainy season approaching India from the
east. At present the term "western disturbance" 1 applied to low or trough
elther at surface or in upper air in the region of westerly wind regime (north of
20°) while clouds and raln are aecurring, In the ahsence of clowds and raim it
is more usual to refer to them as troughs. When two or more closed isobars at

2 mb interval cam be drawn on the sea level chart, the disturbance is describad

as a "western depression”. (See Appendix I and II for Departmental Circulars en

the subject.)

2 The wsual sequence of precipitation with western disturbance is flrst

over Jammu and Kashmir and even Himachal Pradesh,; Punjab and Haryena and the naxt
day over East Rajasthan and West Uttar Pradesh as wall., Many times rainfall may
cease at this stage. In other cases, rainfall now commences over Madhya Predesh

and during the following two days (though not alwavs) spreads to East Uttar Pra-
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jesh, Bihar, Orissa, West Bengal and Assam while it stops to the northwest. This
Ls the broad pattern of synoptic dewelopment of rainfall balts though wide varia=-
tions are possible. The main point to note in this sequence is that precipite=-
tien commences north of Lat. 30°N and may stop with it, Hext it develops bet-
waan 2% and 30° to the west of 80°E, If precipitation now starts in the

area neayr about Lat, 24"N Long. B0°E, it can spread to the sast. Ewen with die=
turbances which do not affect northwest India south of Lat, 30N, North Assam
sometimes gets precipitation two to thres days after the western disturbance hes

causad weather over the western Himalayas.

2.3 In this season depressions or troughs are known to mowve in an eastnortr=
sasterly direction across southern Russia, Turkey and Iran and occasionally ewen
further south. Areas north of Lat. 30° may lie at the periphery of thesa syi=
tems which accouwnts for the first rainfall there. Weak clirculation now dewvelops
over Rajasthen and nelghbourhood which causes the second rainfall belt, Elther
alth the slow shift sastward (or more correctly sastnortheastward) and extenslicon
southwards; of this system or by independent developmsnt, a weak low or trough

may appear owver Madhya Pradesh which is associated with the third rainfall belt.
Weak low pressure systems may alse form ower Gulf of Cambay and neighbourhood,

which while moving in an easterly direction affect the weather over Gujarat and

north Maharashtra States, However such "lows' are wvery rare,

2.4 In sarlier days,; the system first affacting Kashmir used to be referred
to as the "primary western disturbance" and those developing south of Lat. 30°M
ag "gacondaries"™, Howevwer, the current practice is to call the systems that
develop over Rajasthan, Madhya Pradesh etc. under the influence of disturbance
mowing further north across Indis or West Pakistan, as ‘“induced lows®. The
terms "primary’ and 'secondary’ are no longer in use. The western disturbancos
are mainly lower tropospheric systems which show varistions inm strength and
vertical extent with superposition of mid- and upper tropospheric troughs in

westarlies., Movement of 'induced lows' is wary sblow = five degrees in a day,
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sometimes much less, Faster movement' occurs under the influence of mid- or
upper tropospheric trough. In a general way it may be said that 'induced lows
travel rolatively faster to the sast of Long. B5"E. When they reach Assam or
Sub-Himalayan West Bangal, they become very diffuse, Life period of & simple
sgtuence of a western disturbance is two to four days, induced lows tending to
fill up within that time, Longer periods of disturbed weathar occcur over nor—
thern India, sven vwpte ten days, if & fresh western disturbence from west comes
over Inmdia while the lnduzed low of the previcus disturbance has not decaved.
In such situvations trowgh line complex may develop extending to even south of
20°N and cause extensive rainfall over the country. Western disturbances cau-
eing rainfall over Punjab or Uttar Pradesh seem to come in succession at inter-
vals of 2 to 5 days whlle they last. it other times, i1t is wvsval for periods
of one to two weeks to be continucusly free from such western disturbances in
any month. Roughly on one half of the occaslops, the activity of western dig=-
turbances is confined to Jameu and Kashmir, Himachal Pradesh, Punjab, Haryana
and the hills of West Uttar Pradesh, while during the remaining spalls the wea-
ther extends te the sowth also. ©On an average there are six to sewven distur-
bances per wenth (including the induced lows) moving across India during the
winter. A depression in South Bay of Bengal or Arablan Sea seems unfavourable

for activity of western disturbances over northern India.

2,3 The average numbers of low pressure centres per menth on the surface
chart owver Europe and Asia in every five degree sguare are shown in Fig. 2.1;
these were calculated from the northern hemisphere charts published by the USSR
in which the isobars have been drawn at 5 mb interval and centres of lows have
been indicated, The charts for five winter parieds (Dec., Jan. and Feb.) wers
looked lntﬂ{:?'l: data collected, The water surfaces of Mediterrapean Sea, Black
Sea, Caspian Sea and Lake Balkash form a zone of cyclogenetic regions. Of
immediate interest to India is the cyclogenetic regiong mrﬁﬂipiaﬂﬁﬂ and Aral

Sea areas. The s$outhward extension of the 1.0 and 3.5 isopleths towards
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Iran and adjeining Baluchistan would suggest that the lows forming over Caspian
See and Aral Sea areas have a tendency to induce fresh lows to the south, The
southwest=northeast rur of the 0.5 isopleth from morth Baluchlstan to Lake Bal-
kash shows that the lows aither weaken as they approach the seasonal high owver
past Asia or have & tendency to be steered around the periphery of the high,
Formation of the induced lows owver north India and their movemsnt eastwards are
indicated by the appearance of a maximum over the area. Faatures of western

disturbances are further discussed below by presenting some case studies,

3. Western Disturbance, 1% = 19 Decembar 1961,

3.1 The western disturbance from 15th to 19th December 1961 which caused
precipitation over northern and central parts of Indla 1s now discussed to il=
lustrate the wvarious features of western disturbances. Figs., 3.1 to 3.5 show
the surface precssure distribution ower India, West Pakietan and Iran, day by
day, from 15 to 19 December. On 13th the seasonal high has been replaced by a
low over Baluchlstan and to west. This, along with the pressure fall and high
ciouds over Sind and Rajasthan, would Indicate the approach of a wastern dis-
turbance, Stations im Afghanistan wera heavily cloudad, precipitation having
gcurred in tha past twentyfour hours, By 16th a low pressure area had coms
batwean longitudes 70°E and 75°E and latitudes 25°N and 30°M with a southwest=—
ward extension to Sind and Baluchistan. Rain had cccurred to the north of 30°N
with snowfall over Kashmir. On 17th the low pressure s$ystem dvar northwest
India and neighbourhood was very diffuse and two low centres seem plausible from
dita = one nesr 2B®N, 74°E and the other near 25°N, 7I3®E. There is also a ten=
doncy for a diffuse trough to dewelop to the southeast of thesa lows, Rainfall
balt has spread south upto about 25°N and to Bl°E in the sast; the amounts were
higher north of Lat. 30°N. On 18th a trough lay over Punjab, Haryana and nei-
ghibourhood, a low near 24°0 T8®E and another diffuse low pressure ares OVET
Vidarbha, East Madhya Pradesh and nearby Orissa. Tne first two systems can be

ragarded as dlsplacement sastwards of the lows of the previcus day while the



third is a fresh development. Present weather precipitation was reported by
stations in and near the Himalayas to the east of 76°E and in the Gangetic
plaing to the sast of BO"E; rain had also extended to Sub-Himalayean West Bengal.
During the past 24 hours, there was fairly extensive weather over the whole

srea between 75°E and B6°E, to the north of Lat., 23°M, Falls of the order of
3 to 5 cm were confined to over and near westsrn Himalayas. By 1%h the sys—
tem weakened rapidly and we notice only a wery diffuse low owver Assam which may
be a remnant of the eastward displacement of the low over East Madhya Pradesh
on the previcus dav. Present weather precipitation is now confined to the east
of BY9°E and it is also very light and isolated. The 24 hour precipitation,
though fairly well distributed owver northeast Indle outside Gangetic West Bengal,
ower Eact Uttar Pradesh, Fast Madhya Pradesh and in and near hills of western
Himalavas, was generally light. In the resr of the western distuibance there
was widespread fog and low stratws on the morning of 18th and 19th. Ahead of
tha disturbance there was also fog 2t a few places in Gangetic West Bengal on
18th. Extensive thick and prolonged fog occurred daily over Uttar Pradesh and
neighbourhood for nearly ten consecutiva days. Moderate to severe cold wave
conditions alse prevailed swver Uttar Pradesh, Blhaer State and north Madhya Pra-

dash for over a week.

3.2 The chief points to note in the above sequence are 3
(i) progressive eastward displacement of pressura system and rainfall
belt ,

{iil.tendaﬂnv for lows to form or extend to more sputherly latitudes to the
east on succeeding days, & feature which is confined to the area to
the west of ES°E and

(iii) more northerly course and faster movement to the east of B5'E,

These are ugual features noticed.

3.3 Among the pressure systems affecting Indla, excluding depressions and

cyclonic storms, weetern disturbances have consploupus 24 hour pressure changss
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assnciated with them, which are usaful in detecting the approach and movemant of
the western disturbances, In this particular case these changes were gquite
pronounced. Flg. 3.6 shows the pressura fall at the approach of the western

disturbance and the rise im its rear.

3.4 Figs. 3.7 to 3.10 show the winds at upper levels between 1&th and 19th.
A frough is ssen to the west of India maar G5°E at 700 and 500 mb levels on
l16th. A weak circulation at 30°N, 72°E is also noticed at 900 mb, correspon—
ding to the surface pressure pattern, On 17th the troughline i1s near 74°E at
850 mb and YOO mb and perhaps slightly to tha wast at 500 mb, By next day
(18th)} the trough was along 78°E at 700 mb and 500 mb and extended southwards
to Madhya Pradesh, ©On 19th the trough was near BET®E at 700 mb and 500 mb and
was decreasing in amplitude over India. At B30 mb im the area of this system,
the trough line runs east to west along 26°M. Weather had started over India
aven while this trouah was far to the west, The passafje of the trough across
India from 17th to l%th was responsible for accentuating the surface system on
the 17th and subsequent extension of weather to northeast India.  Such passage
of upper air trough after surface low has developed is fawvourable for extension
of weathaer to the central and northeast India. While this trowugh moved fairly
systematically, such is not the case with all. Some troughs weaken rapidly
neir BO®E. A feature to be noted in this case was the occurrence of the pre-

cipitation entirely in the forward sector of the trough at 500 mb lewvel.,

3.5 Tha relatlonship of this disturbance to systems to north and west as
noticed in hemispherical charts* published by the USSR is now discussed. On
14ih a low without frontal structure was loceted over the Caspian 5ea snd ano—
ther similar system over Lebanon and Israsl. Only one of these lows could be

identified the next day, at 40°N, &5°E, This seemed o have now a warm front

* The hemispherical charts {surface and upper-air) in this report are copied
from "Synoptic Bulletins of the Morthern Hemlisphers" published by USSR,



5
from the centre to Kashmir and a cold front upto Casplan Sea, with & very open
warm sector. On l6th (Fig. 3.11) this low was getting occluded, centred at
42, TO"E, The seasonal high ower east Asia was weak, By 17th, this surface
low might have filled up against the mountains, thoughthetrough between 35N and
407 and B5"E and 957E could have been its residusl. On the 15th morning, when
this low was centred at 40°M, B5"E, an induced low was forming over Iran and ad-
joining Baluchistan., As the main low moved sastwards to TO"E on the next day
{16th}, the induced low also came over to Rajasthan and adieining Sind (which
has already been discussed in para 3.1). Thus it will be noticed that the
induced low which came over Rajasthan was directly conmected vp with an extra-
tropical low further to the north in the latitudes 35°N to 45°N, Although the
main low weakened on the 17th, the induced low became more marked under the in—

fluence of the upper air system,

1.6 On 15th, (Fig, 3.12) the extratropical low at 40°M, 657E was extending
upto 300 mb as a clesed cyclonic circulation and with a trough extending south-
wards upto Baluchistan at 500 mb level, While the surface low weakened as it
moved across the Himalayas on 17th, the upper trough maintained its identlty and
came over northwest Indla. [During lts passage over India, the trough intensi-
fled an the 1Bth and extended southwards:; howewsr on the 1%th, it was decreas-
ing in amplitude over India (The positions of this trough over India day-by-day

have already been discussed in the earlier para 3.4),

3.7 Fig. 3.13 shows the hourly sequence of weather at Mew Delhi during the
period of this western disturbance, High and medium cloude appearad on the
morning of L6th and before the mext morning thick altostratus. Drizzle com-
manced at OO0k on 17th and continued as drizzle or rain wpto 06 GMT., During
this time thick altostratus covered thres gquarters or mm;gh& sky. The sky
then partially cleared and there was & thunderstorms from 13 to 15 OMT after
which sky cleared. Morning and nlght, during the naxt three days, fog occur-

red, The sequence of clouds and precipitation was as 1f a warm front had
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patéed over the station in the forenoon of 17th and cold front in the evening.
As the skies cleared on L7th night, after the ground had become wet during the
day due to precipitation, radiation fog developed early next morning. The
above sequence i vsual to the nerth of =, particularly over northwest India,
To the south, cumullform low clowds develop at an early stage itself with ad=

vection of moist air to the sast of the low.

3.8 Fig. 3.14 shows the upper-air temperaturs variations at Delhi during the
period. The temparatures dropped slonificantly on 18th morning. Whether the
rather high temperatures on 17th at 12Z can be regarded as representative of
likely warm ssctor is debatable. Tamparaturas on 17th morning when precipi-
tation was just commencing are also low, thoegh not as much as on the 1Bth.
Primary disturbances have probably some diffuse frontal structure, at least in
an occluded form. But frontal analysis has not dewveloped dua to apparant lack
of utllity. Surface temperatures cannot be used to locate fronts, as effacts
of clouds and precipitation overwhelm any airmass differences. Frontal type of
precipitation cannot often be distinguished from that due to other tvpes of con—
veIgence . Movement of fronts cannot also be related to surface geostrophic
winds. In this case initially the weather sequence at Allahabad (five degrees
of longitude to the southeast) was somewhat similar to Delhi but delayed by ten
hours. Such displacement of likely fronts could not be related to winds balow
700 mb level. Precipitation at Allahabad was prolonged by the influence of the
upper trough on LBth. Induced "lows' which dewvelop cwer the Indian area have

definitely no frontal structurs.

3.9 Flg, 3.1% glves & sequence of radiosonde ascents at Mew Delhi showlng
the chenges in upper alr temperatures and humidities durlng a spell of wet wea-
ther owver the place, associated with a western disturbance. The normal curves

are alse shown for comparison. *Three ascents are given here; as representa=

# ARlthough the ascents for the pericd 15=19 December 1961 would have besan mors
appropriate, the illustrations are taken from January 196% as the radiosonde
ascents at New Delhi after December 1947 when the audiomodulated instruments
ware introduced, are ¢onsidered to be more reliable,
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tive of conditions prior to, during and subsequent to the spell of rain owver
Mew Delhl, On 92th Janvary 1969 the weather was dry owver Mew Delhl and nelgh-
bouring sreas. ©On 12th and 13th light precipitation was recorded at Hew Delhl
and subsequently weather cleared. The features to be noticed in these ascents
are -
(i) The atcent onm 13th shows a marked increase in the dew point tempera-

ture above B50 mb level and a cooling of the alr between ESU mb and

300 mk level compared to the 9th ascant.

(ii} The ascent on 1&th shows a large decrease in moisture content compared
to the 13th. Howewver, the dry bulb temperatures do not indicate any
advection of fresh cold air over New Delhi,

This comparison brings out the greater role of molsture rather than advection

of warm or cold air even in winter ower Indian latitudes.
4, Western Disturbance, 10-12 Japuary 1962

4.1 This is an example of & western disturbance which gave raim in Jammu and
Kashmir only. A low which was over West Iran on 9th morning (Fig. 4.1) moved
to the border of West Pakistan by the ewvening. MNokkundl pressure fell by about
4 mb, On the 10th morning it was over Afghenisten and adjoining West Pakistanm,
The main 'low' was centred further to the north, near 43°%, &4°E cn 9th and
near 48°N, T1°E on 10th (Fla, 4.2'a). The western disturbance over Afghanistan
{ P 2] .

and West Pakistan/ on the 10th was seen as a trough yunning from the main low
into Afghanistan, On the 10th morning a trough was present at 500 mb along
E7"E, to the south of Lat. 40°N, over Afghanistan and northern parts of West

Fig. 4- 2 b2
PikiltuQE By 1200Z a weak low also appeared over upper 5ind and southwest
Rajasthan on the surface chart (Fig. 4.3). Owver this area the 24 hrs pressure
thanges were about 2 mb (falling) with a rise further to the west (Nokkundi
7 mb rise) and the pressure departures were &7 mb negative (Fig. 4.4} in the
lower levels (0.3 to 0.9 km) two circulations were seen (1) ower north Rajasthan

Trough/=irculation
and [2) sver Sind. i was alss present over the
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Punjabs at B%0 mb and 700 mb (Flg. 4.5).

4,2 On 11th morning (Fig., 4.6) the main low moved northeasstwards to 54°H,
BE2°%, while the previcus day’'s trﬂughg'n?iiqhanistan was seen along T5°E between
30° end S0°H. Precipitation had occurred over Jammu and Kashwir, The indu=
cad low was also seen &5 a trough between 23N and 30N over East Rajasthan and
adjeining Gujarat. The circulation/trough in the upper air was seen over the
Punjabs upto 4.5 km, On 12th the trough cwer extreme porth of India

moved northeast and was extending from 40°N, B4®E (Sinkiang) to Kashmir (Fig.4.7)
while the induced low was owver East Uttar Pradesh and adjsining north Madhya
Pradesh (Fig, 4.8). The upper air circulation (Fig, 4.9) was generally weaken-
ing, The induced low did mot cause any precipitation or signiflcant clouding.
By _2th #vening as the induced low moved to Blher thers was light precipitation
ove:r Sub-Himalayan West Bengal and nearby; and the precipitatlion extended to

noptheast Assam op 13th and 14th, as the induced low moved across upper Assam,

4.3 In this case wa can trace thres "lows" -
(i) a well marked low pressure system moving from southeast of Aral Sea
(43°, &4®E) aﬁ 9th to north of Mangella (%4°N, 96°E) on 12th,
{ii) a second low moving from West Iran (34", S2°E) on 9th to Sinkiang
{40°N, B4®E) on l2th across Kashmir and
{iti) an induced low moving from Sind on 10th to Assam (13th).

The second low gave Some precipitation over Jammu and Kashmir and Hima=
chal Pradesh while the induced low was feeble and gawve rain only 1ln Sub-Himala-
van West Bengal and Assam, In the upper air, the trough which was over Afghe-—
nistan and parts of West Pakistan on the 10th, did not sxtend sguthwards owver
Incis and was weakening afterwards. The hemispherical charts for 500 mb lewel
for the period show that the middle latitude westerlies were more or less zonal

with no marked large amplitude perturbations - i.,s, showing features of high

imelax type circulation.
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%, Wsstern Disturbances, 15=19 February 1962

5,1 This cace 1s interesting for causing rainfall in the south peninsula

and the associated marked trough im upper troposphere. Its entry into the
Indlan sub-continent seems to have been a little more to the south than most
cases, near lat. 25°M-30°8. On the 15th morning light precipitation commenced
nedr Lat. 30°NW over the plains of Mest Pakistan with a surface low over Lower
Sind and south Baluchistan (Fig. 5.1). The low lewel circulation over Sind and
southwest Rajasthan could be Ssen upto 2.1 km owver this area. Mid- and upper
tropospheric trough was present further to the west with its axis along Long.G65%E
(Fig. 5.2), Hemispherical charts (Fig. 5.3) showed that this upper trough was
a part of the low over Russian Turkistan, A ¢lesed high was situated further
to the north. These conditions were suggestive of a low index tvpe circwlation
with blecking highs and cut aff lows. The lew owver south Baluchistan and Sind
wat sgen on l&th morning (Fig. 5.4) as a surface trough over Rajasthan. Fairly
widespread precipitation had occurred over the country to the north of 309N with
isolated thundershowers to the south upto 27°N to the west of TS*E. Upper
winds (Fig. 5.5) at 0.9 km showed two circulations, one near ths surface low and
another over the Punjabs. Taken with t£he surface pressure falls (Fig. 5.6)
aver the Punjabs, it would appear that a low was deweloping over this area,
which could not be traced with the avallable data as having come from the west,
This circulatien could be identified upte 3.6 km with centre near 32°H, 72°E.
{1t could be traced as a trough on the surface also by 122). Mid- and upper
tropospheric trough was near &8°E from Afchanistan to Sind, On 17th the surface
trough was between T2°E and BO®E and 23° and 31°N. Precipitation had bean
malnly to the north of 26°W and west of BI®E and in two patches ; one north of
Lat. 30N and the other over Uttsr Pradesh with & precipltation — less area in
between presumably due to the two systems, cne travelling to the north of 30°N
and another travelling from lower Sind to Uttar Pradesh, Sky did not clear wp

over West Pakistan snd northwest India to the rear of the western disturbance,
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gs a fresh western disturbance was approaching West Pakistan in a relatively low
latityde. At 124 of 17th the upper tropospheric trough was near TO%E, On the
18th morning (Fig. 5.7) the trough line at surface and in the lower tropospharic
levels was near 77°E and tha trough was extending to the south upte 15°W (i.e.
from West Uttar Pradesh to north Mysors). Precipitation had reached upto B3°E
in the east and 14®™M in the south in association with thls trough and agaim in
three patchas, with precipitation = free areas in between. The upper tropos=
pheric trough (Fig. %.B) was most marked at 200 mb with axis near 74°E and ex-
tandead as far south as 159M, This trough was howewver less marked at- 500 mb
than at 200 mb. By 124 of 18th (Fig. 5.9) this trough had weakened at 200 mb,
fts axis at 300 mb had moved to BO®E and the trough was more pronounced in mld-
troposphere, as if vorticity had been advected downwards into these layers., By
19th morning precipitation belt was to the north of 15°N and between longltudes
77" and B85°E.(Rainfall further south seems to have been due to other causes
ales,) Pressure field became very diffuse (Fig, 5,10). The trough line was
baetween BOYE and BS®E at most levels indicating that the upper lewel trough was
povurtaking the low lewvel system, though the trough had relaxed considerably at
300 mb and 200 mb (Fig, 5.11). By 20th morning the upper tropospheric trough
had relaxed Ffurther and rain had fallem batwsan B83°E and S0°E to tha north of

23™N.

< The chief features to note in this case arei-
{i) The lower tropospheric trough/low came under an upper tropospheric
trough reaching upto 159N which caused precipitation belt to extend
far southwards.

(41) The weather was confined batween the trough and ridge line in the uppaer
troposphere. The precipitation decreased and the low level system
filled up when it was overtaken by the upper system.

Liii) Vertical advection of wvorticlty from the system in upper troposphere

to mid—troposphera i6 an interesting feature.
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(1w} Rainfall first occurred in the plains of Punjab(P) and then extended
northwards. The low was first seen in the lower latitudes, Affar as
available cbesarvations show the low to the north of 30°N developed later
locally over the Punjabs. This 1s in contrast to the usual sequence of
s weestern disturbance appearing in the higher latitudes first and the
induced low in the lower latitudes later.

{v} During this pericd the subtropical jet stream was to the south of its

mean position ower India.
G, Uppar Alr Trowgh, 1-2 December 1962

6,1 Even a wall=marked uvpper alr trough may not cause weather, ags is illus-
trated by the case of 1=-2 December 1962. At L200Z of lst (Filg. 6.1) there was
a trough/low over the Punjabs and neighbourhood extending from B350 mb to at least
300 mb, This was about the time of its maximum intensity. At the surface,
(Fig, 6.2) the seasonal high pressure pattern continped below this upper low,
although the 24 hrs pressure changes suggested the movement of a weak low across
the extreme north of the country, On lst and 2nd; the seasonal high cwver Asla
{Fig. 6.3) was & little over 10 degrees of latitude to the south of normal pasi-
tion. The upper trough (500 and 300 mb) mowed to Tibet and Sinklang the next
day (2nd) and weakened considerably on 3rd. Relative humidity of the air over
north India was very low in this case, less than 3%% (both at the surface and

upper air).

6,2 During this period & well marked system in sasterlies was affecting the

peninsula with mnorthward extension of weather aleost uwpto Z0°W.
7. Western Depression, Decamber L9&7

7.1 The western disturbance in the last week of Decembar 1967 is% an axample

af a disturbance

(i) of depression intensity and
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ii) which developed outside India and moved into the Indlan sub-continent.

T.2 On 23rd December (Fig.7.l) there was a wery pronounced upper low/trough
in westerlies extending roughly aleng Long. 40°E from seet Russia (70°) to the
south of Turkay (30%M). In the Forward portion of the trough a north-south
frontal system was located between the longitudes 45°E and 5%°E. With the
movemant of the system eastwards, a depression [with at least three closed iso-
bare at 2 mb interval) was seen on 24th {Fig. 7.2) over extreme east Iran, while
another 'low' was centred to the north of it near Lat. 41°M, Long. &5°E. The
depression over Iran was stationary for the next 24 hrs, although the upper
troLgh showed an eastward movement. An induced low also formed off Mekran-5ind

goast on 25th morning (Fig. 7.3).

Tad By Z6th morning the depressiom over Itanm moved imto West Pakistan and
adjcining Rajasthan with centre near Khanpur {West Pakistan) (Fig, 7.4). The
indLced low had also apparently moved esastwards and caused extenslon of the
dapression as a trough ower Gujarat 5tate. The central pressure of the depres—
sion was LOCD2 mb and the departures = 1V mb; five closed isobars at 2 mb interwval
could be drawn. The lower level winds (upte 0.9 km) in the circulation were
20/90 kt strong (Fig. 7.5). The precipitation during the past 24 hrs was

fairly widespread cver West Pakistan and northwest India and Savrashtra and
Kutch., At 500 mb a low was centred at Lat, 40°N Long 64°E with a trouah exten-
ding southeastwards upto Punjab (India) across Afghanistan (Fig. 7.6). The de-
pression retained mearly the same intensity in the evenimg of 26th also. During
the 24 hr. periocd ending on 27th morning the precipitation extended eastwards
upto as far as Long. 83°E, and moderate to hesvy falls occurred in and around
wastarn Himalayas, the heawviest being 1B cm at Banihal. In tha south, the
precipitation (although light) extended upto Bombay. By 27th the system wea-
kenod considerably without appreciable movement and pressure rose by as much as

5 to 10 mb, There was no marked change in the 5300 mb pattern, though the trough

lino towards Indla was not as marked as on the previous day. It is difficult
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to explain why the depression weakemed so rapldly. A significant feature was
tha considerable rush of dry air over the depression area at this stage - as

evidenced by the changes in surface dew polnt temperatures and the radiosonde

ascent at Jodhpur.

7.4 This case was characterised by the intensity of the systems both at the
surface and In the upper alr and the extensive weather caused by it. The dig=
turbance could be traced from the west atleast two days before it came to the
Indlan border, although the Intensity of the disturbance while over Iran could
not be judged prechsely due to papcity of data. The satellite picture aof the
western depression 18 given in Sec. lé.

8, MWestern Disturbance over North Arabian Sea and Gujarat State,

4 to 4 February, 196]

8.l The firet week of February 176l was characterised by active western
disturbances and induced lows affecting in guick succession and causing 2 large
excess of rainfall over India north of Lat. 20°N. During this period the hemis-
pherical charts showed a pronounced "low index™ circulation and a persistent
blocking high in the * Ff wyw* middle latitude westerlies owver Asia, Out
of the disturbances during this period the cne which came into India at a wery

low latituda between 20 and 25°M across the north Arabiam Sea, will be descri-

bed to illustrate a few points.

8.2 An active western disturbance was moving across the north Punjab{P} on
2nd February and simultanecusly another low was noticed owver Oman Peninsula
{Fia. B.1). A pronounced ridge could be seen over Baluchistan in between thasa
two disturbances. Bahrein was ralning. By the next moraimg the low moved
sastuuré inte Gulf of Oman and was well marked. fvallable data would suggest
gven two closed isobars at 2 mb interval. The low mowved to north Arabian Sea
of f Mekran-5ind coast by the evening (Fig. B.2) where pressure changes were

about 4 to 5 mb negative, The preascure departures were about 4 mb in defect.
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The circulation could be seen upto 2.9 km only.

g.3 On the 4th morning (Fig. B8.3) the low travelling across porth Arabian
Saa lay as a trough extending from southwest Ralasthan to off Sind coast, with
the mein centre over southwest Rajasthan and nerth Gujarat where the negatiwve
prassure changes and departures reached about 10 mb (Fig, B.4). Over this
araa, the disturbance was seen as a circulation wpto 0.6 km and as a2 trowgh upto
1.5 kmj at higher levels (300 mb - 300 mb) the winds were strong westerlies and
a wind maximum was noticed,{Fig. B.5). A low/trough was alse

located betwsasn Aral Sea and Afghanisten

L from surface upto JOO mb which was
affecting northern parts of West Pakistan and adjeining India (Fig. B.&).

During the next 24 hrs rainfall occurred over most of Gujarat State and extended
southwards upto Bombay (which is a very rare feature) while Rajasthan had no
ratn. The low mowved eastwards to north Madhya Hadash and the subsequent his-

tory of the low is not being followed as not beaing of direct interast,

8.4 The chief features to be noticed In this case are 1=

(i} the movement of the low from as far to the west as Gulf of Oman (it

could not be tracked further to the west dus to lack of observations),

{i1) its travel over sea arealnorth Arablan Sea) and entry into Gujarat
State which ls very rare(over sea there seems to have been an inten=
gification of the system),

(111} extenslon of rain belt as far south as Bombay,

{iv} the large pressure changes and departurss associatad with the low and
the very shallew circulation (at no stage probably It axtended abowve
1.5 km- ),

{v] the absance of upper alr treugh over the area (In fact the strong
upper wastarlies shifted te the south of the normal position and a
belt of west winds lay over the area of the disturbance from 500 mb
level upwards., Alrcraft reports suggested that at 200 mb lewvel winds

ovar tha areas were about 100 kt ) and
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lvl) the pronounced low index clrculation over seskh Asia during this

period (Fia. 8,6),

9. Western Disturbances = General Conclusioms

From the cases discussed in the abowve paragraphs it will be seen that wes-

tarn disturbances are quite varied in nature — im thelr Structure, in respect

of the weather they cause and the extent of the arsa they affect. However there

are fome noteworthy similarities which are summarised below

{i) Western disturbances are low pressure systems which move across the

(ii)

(111)

axtreme north of the country or sometimes even further to the narth,
They may be seen on the surface chart or in the lower troposphere as a
closed low or aven a trough. Usually thera is a trough to the west
in the mid- and upper troposphere. As the western disturbance comes
over lenglitudes of Indo-Pakistan area, an induced low sometimes forms
oveT Sind or West Pakistan. If at this stage the wpper trough extends
well to the south, the induced low may be active. The induced lew is
generally shallow and its circulation does not extend as high as the
maln disturbance.

Western disturbances are usually associated with recognisable 24 hr.
pressure changes — fall of pressure shead of the disturbance and rise
in the rear, The pressure gradient associated with the high in the
rear of the western disturbance is sometimes strong and may extend over
north and central Arabian Sea causing moderate to strong winds. FRise
in the minimum temperatures and dew point temperatures 1% also useful
indicator of approaching westerm disturbance.

Simultaneously there can be more than one low level system over the
Indian area and they may appear as a complax low pressure area with a
di ffuse isobaric conflguration. Ewen otherwise, surface lsobaric
conflguration associated with western dlsturbances 1s generally quite

weak and icobare may have to be drawn at 1 mb interval, so that weaker
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gystams are not missed. When there is more than one low present,
each low causes its own belt of weather.
Without the appesarance of 4 low elther at the surface er in the upper
air below 1.0 kmy weather does not occur over India to the south of
Lat. 30%. Howaver, to the porth of Lat, 30N weather can occur dus
to disturbances sean mainly in the upper alr or dus to systems moving
to the north of India. The conwverss may not be always true = i.a.

en when a low or trough has appeared on the chart (surface or upper
,&:rth of 30°M weather may commence over hills sarlier than over plains/
air) weather may nmot occur in some cases./ Western disturbances
aravery diffuse and often difficult to identify on the chart when they
mova across Assam and cause weather there.
The intensification of the seasonal high owver east Asia, its more
southerly locationm and its extension as a pronounced ridge southwest—
ward into Iran and West Pakistan appear to inhibit active western dis=
turbance over India and so also depressions in the Arabian Sea and the
Bay of Bengal are seen to inhibit the western disturbance.
The activity of the disturbance is closely related to the position of
the low lewvel circulatlen in relation to the upper level systoms [ sueh
as trough or wind maxima). Thus there i% 3 nesd te recognise tha
systems in the lower and upper tropospheres and follow their sequence
It is far sasier to trace the upper troughs and locate the favourable
reqglons of development on the charts, thean the wind maxima.
The existance &f surface low to tha north of India as well as the
intensity and the latltudinal extent of the upper air trough can be
followed more eystematically with the extended charts and hence a
better understanding of the behawiour of the western disturbance is
poessible to some extant. 5till the behavicur of the upper air sys-
tems themselves ls a matter not clearly understood = for example,their

intensification or weakening amnd thelir amplification or relaxation.
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{viii) 1In the middle iy o latitudes during pericds of low index
circulation westerly troughs may be expected to dewelop large amplitude
and affect lower latitudes., On such occasions we may perhaps anticl-
pate more induced lows over the Indian sub-continent and the extension
of weather over large areas. During high index type circulation,
upper air troughs may affect only the extreme north of the country and

may also move away quickly.
10, Cold Waves

10,1 Apart from ¢louding and precipitation, another feature associated with
western disturbances is the cold wave. Cold waves occur in the rear of westarn
disturbances, According to the departmental cenventlon, when the minimum tem=
peratures drop &7°C below normal it is called a 'moderate cold wawe" and when
they drop B7C or more below normal a 'severe cold wawve'. Mo absolute minimum
temperature limit is ineluded in the definition of the cold wawve which is always
with refarence to the normal minimum temperature for the stations in tha area.
i : i “¢ ew= ' ' It is often noticed that when the
minimum temperatures fall sufficiently, there is also a drop in the maximum

temperatures; the range through which the maximum temperatures drop may, howsver,

not be the same as for minimum temperatures. Ground frost may also occur in

association with cold wawve.

10,2 Severe cold waves occur in northwest India, West Utter Pradesh, Madhya
Pradesh, Cujarat 5tate,; Madhya Maharashtra and Vidarbha between December and
April,; although the number of occasions are less in December and April. Occa-
sionally they also extend sastwards o East Uttar Pradesh, Bihar, Orissa and
Weet Bengal and southwards to Marathwada, Telangana, Ravalaseema and Morth Inte-
rior Mysore. [During the cold waves, the minimum temperatures have dropped

as much as 10 to 12°C below normal and over Jammu and Kashmir 13%C to 20°C

below normal. A spell of cold wave over northern India generally lasts for
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about & to 5 days and ln exceptional cases about a week or ten days.

10.3 Althowgh it is wsual to assoclate cold waves with active western dis-
tirbances moving across India and West Pakistan, it Is found that om some occa-
sions when the temperatures are already below normal, even & small drop in the
temperatura in the rear of & weak disturbance may bring tha temperaturss down
sufficiently to be classified as & cold wawve, In someé rare ingtances, a dis=
turbance to the north of the country also causes cold wawve, when the high in the
rear of the disturbance extends to Indo-Pakistan sub-continent. Three casas
illustrative of the different featiras of cold waves are discussed ln the follw-

ing paragraphs.
11. Moderate to Severe Cold Wave, 22-2% January 1964

11.1 On 21 January 1964, a western disturbance wes over the Punjabs and the
adjoining areas, with an induced low over Rajasthan, It had caused fairly wide-
epread preclpltation over Jammu amd Kashmir, Punjab and Himachal Pradesh, with
igazlated falls owver Harvama, Rajasthan, Saurashira and Kutch, An intense ridge
of high pressurs set in over West Pakistan in the rear of the disturbance. The
prassure was 1029.4 mb at Nekkundi,about 10 mb above normal. Hemispherical
chart (Fig. 11.1) showad that the cemtre of the high was near 36", &63°E, with a
cevtral pressure of 1040 mb., A ridoe pattern was seen extending more or less
uninterrupted from southern Eurcpe to Afghanistan. The hlgh in the mear of the
western disturbance was a cold high, weakening by 700 mb lawel, The next mornm-
ing (22nd) (Fig. 11.2], the western disturbance was moving away across the wes-
tern Himalayas while the induced low was over southwest Uttar Pradesh. Preci-
pitation was fairly widespread over western Hlmalgyaﬁ. with isolated light rain
in tha plains. The ridge over West Pakistan now extendad eastwards into north-
wast India. Low level winds (upto 0.6 km) changed to northwesterliess over

Rajasthan and Gujarat State (Fig. 11.3}.

11.2 Even on 215t minimum temperaturs had fallen appreciably over the nﬁ-
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tern parts of West Pakistan. On 22nd dew point tempearatures fell by 5° te 10°C
over Punjab, West Rajasthan, Sawrashtra and Kutch with a few stations in Rajes-
than reporting Falls upto 172, Minimum temperatures fell over northwest India,
the highest falls beling about a“E to 9°C pver West Rajasthan where near—freezing
temparatures were racorded; moderate cold wave conditionms started affectlng

West Rajasthan [Fig., 11.4).

11.3 The high pressure ridge extended further eastwards to MWest Uttar Pradesh
and northwest Madhya Pradesh om 23rd and in the upper air {upta 0.5 km] there was
an almost uninterrupted flow of northerlies from Jammy and Kashmir to Madhya
Waharashtra and Konkan (Flg. 11.5). There was a further fall of dew points owver
northwest India and Gujarat State by 5°C to 10°C. Moderate to severe cold wave
conditions extended over the whole of Rajasthan and Gujarat State and sub—Free—
zing temperatures were recorded by many statieons in Rajasthan, It is a point

to note that on thlis day the lowest temperatures and largear negative departures

were recorded over Rajasthan and Gujarat and not further to the north (Flg.ll.6)

15.4 During the next two days {24th and 2%th)} the ridge extended successively
upta Bihar and West Bapgal (Fig.ll.7). Owver Uttsar Pradesh, even by 23rd, the
garller easterlies upto 0,9 km were replaced by northwesterlies: the northwes—
terlies strengthened and extended southwards and eastwards reaching West Bangal
by 26th (Pig,.l1.8). Minimum temperatures started falling ower Uttar Pradesh,
Bihar and north Madhya Pradesh on 23rd and the fall continued owver these areas
for the next three days. Fall of minimum temperatures commenced over northeast
India by 26th and continued on the next day alsc. As the minimum temperatures
over all these aress wera previcusly above mormal, it was only after two or three

days of continued Fzll that the temperatures became sufficiently low to be clas-

sified a¢ a cold wave (Figs. 11,9 and 11,10},

11.5 The descriptlon of the cold wave conditions over the varicus metecrolo-

gical sub-divisions day-by-day is given in the follewing Table:



Table,
Date
£2 23 24 = 6 27 28 29
l.West Rajasthan M 5 M M M5
<.Fast Rajasthan M u - WS W M M
3.Giujarat Region [ T M 1]
4, Saurashtra and M5 5 WS M5
Kutch
5.Funjab andHaryana | '] M ] M5 M i
6.%est Madhya Pra- M M5 M ]
desh
T.Wezt Uttar Pra=- M
dash
B.East Uttar Pra=- M
desh
O .Hihar Plataau |
10.Bihar Plains M
11.Mest Bengal M
M = Modarate Cold Wave
W/S = Modarate to Severe Cold Wave
5 = Savere Cold Wawe
L1.4 The cold wave was most imtense in the northwest India and Gujarat State

and bacame less severs as it progressed sastwards. The cold wave also lasted
West Madhya Pradesh
for more number of days over northwest India/and Gujarat State. Cold wave
prevailed over EBast Rajasthan and Punjab=Haryana during the whole period
while it abated in Gujarat State by 2Tth. It extended lnte Uttar Pradesh,
Bihar and West Madhya Pradesh between 26 and 27th. It affected “West Madhya

Fradesh for 4 days and Uttar Pradesh; Bihar and West Bangal just for a day.

11,7 The recovery from the ¢old wave was wery gradual and was spread over
a few days, since there was mo chenge in the clroulation pattern dus to approach

of any western disturbance. The temperatures began to rise slowly by 27th over
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northwest India and Gujarat State. This continued over these areas on the sub-
sequent days and extended eastwards alsc. By 30th except for a few pockets,

the cold wive cenditions abated,

11.8 During the period similar changes were also noticed in the maximum
temparatures over the northern parts of the country. They were 5%C to 7°C
below normal over many parts of north India between 23nd and 26th.  Amother
feature was the strong pressure gradient which ceme im the rear of the westiern
disturbance and extended over the north and ¢entral Arablan Sea where modeTate tc
ttrong winds of speed 20-30 kt were reported by ships. On 20th and 218t sironc
winds were reported only in the western parts of Arabian Sea. Subsequently
there wers reports from the east Arabian Sea also. With the strong pressure
gradient extending te the east central Arabiam Sea, the seasonal trough off the

west coast of the Peninsula intenslfied and northerly winds of speed 30 kts were

reported of f Maharashtra Coast.

11.% Time sections of the sequence of low level winds, maximum and mindmum
temparatures for Jodhpur and Delhl affected by the cold wawve are shown in
Fig.ll.ll, They indicate, among other things, the fall in minimum temperature
with the changes of the low level winds to a more northerly direction as well as

the magnitude of changes when the cold wave set in and the slow recovery from

the eold wave,

12, Moderete to Severe Told Wave, 10 = 15 Jamuwary 1967

12.1 The charts for the peried 10 to 15 January 1967 are illu:t:atiﬁu af a
sltuation where a cold wave occurred In the wske of a western disturbance which
affected only the extreme north of the country and cauvsed light precipitation.
The western disturbance was over Afghanistan and neighbourhsod on 5th and 6th.
Thereafter the system was not noticed on the surface chart. However, an upper
air low was noticed on 7th over the northern parts of West Pakistan and adjoin-

ing India in the middle troposphere. This circulation persisted till the 12th.
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Hemispherical chart (Fig.12.1) for 9th showed that the seasonal high over central
1o iobhe mb.
Asla was intense (central pressure 10%% mblas against the normal valua of 1035 mh)
and a ridge was extending southwestwards into Afghanistan, ITan and West Pakis=
tan. In the low lavel upper winde {upto 0.9 km}{Fig,12.2), a ridge was located
ovar north Rajasthan on Sth; the ridge extended southesastwards upte Bihar on

10th so that the winds were more or less northeast/east to the south of Lat.2%°N

{Fig.12.3).

12.2 The minimum temperatures were generally below normal over northwest
India, MHtar PFradssh, West Madhya Pradesh, Cujarat State and the western half of
tha paninsula even on 7th; they (tha minimum) commenced falling by 2°C te 4°C
owaer Punjab anmd Haryana and neighbourheod on Tth and comtinued to fall during
tha next three days. Moderate cold wave conditlons set in owver Punjab, Haryana
and northwest Rajasthan by l0th (Fig. 12.4) whers the minimum temperatures

redched below freezing point at some statlons.

12.3 By llth the dew polnts and minimum temperaturss fell (Fig.l12.%) prac-
tically over the whole of north India north of Lat. 22°N. Moderate to severe
cold wave conditions now prevailed cver Punjab; Harvana; Rajasthan and north-
wast Madhya Pradesh. The cald wave percisted over these areas, during tha next
two days (12th and 13th) and also extended to West Uttar Pradesh. Sub=freazing
temparatures continued over north Rajasthan, Funjab and Jammu-Kashmir. Presu=
mably because of the pronounced easterly components of the wind to the south of

La=z. 25°N, the cold wave conditions did not extend to more southerly latitudes.

12.4 The northwesterlies strengthened over the Gamgetic Plains from West

Uttar Pradesh to West Bengal on 13th (Fig.l2.6); on l4th, (Fig.12.7) minimum
o o v

temperatures fell appreciably over sorthesst—India, East Madhya Pradesh and

southeast Mtar Pradesh and moderate to severe cold wave conditions extended to

East ttar Pradesh and Bihar Plains. The cold wave affected Saurashira and

Kutch (particularly the northern portions) alse on a few days.
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12.5 With the arrival of a fresh western disturbance cver Punjab(P) the
wind pattern changed over north India during the 14th and the westerlies to
northwesterlies gave place to easterlies. By 1%th the cold wave began to abate.

Balow normal temperstures, however, continued for ower a week.

12.6 Ower Gujarat Reglom, Madhya Maharashtra and Kenkan the sinimum tempera-
tures fell by 3°C to 4°C on l4th and 15th. This seems to have been associated
with the winds ower these regions becoming northerlies in the lower lewvels,

which had & more e=asterly compomnent earlisr,

12.7 The maximum temperatures were aleo below mormal over the areas affected
by the cold wawe, although it was not so significamt as in the case of January

1964 (discussed in Sec,ll}).

12.8 Some of the features noticed in this case which could be contrasted
with the case of January 1964 are :=
i} The western disturbance in the present case affected only the extreme
noerth of the country and ceused light preclipltation over western Hima-
layas,
ii} The cold wave started from Punjab-Haryana and extended southwards and
eastwards, whereas in the Janvary 1964 case it first sccurred over

Rajasthan and later in Punjab.

=
i
it

i

The drop in the minimum temperatures were more gradual and because
they were below normal even earlier, these relatively small falls were
able to cause cold wave conditions,

iv} Presumably because of the marked easterly component of low lewvel winds

south of Lat, 25N, the cold wawve did not extend much to the south.
13. Moderate to Severe Cold Wawve, 16 = 1B January, L9462

13.1 The cold wave of 16 to 18 Janvary 1962 was associated with a well

marked lew moving to the north of the country, An extratropical
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low was moving batween Aral Sea and Lake Balkash on the 10th. As it meved away
northeastwards, a trough associated with it, was trailing behind over the extreme
north of the country on the 12th. Tha high in the rear of the disturbance was
centred near 45N, 57°E. On the next day (13th) (Fig.13.1) the high shifted
slichtly southeastwards and a well marked ridge extendsd into West Pakistan and
India. The central pressure of the high was about 1045 mb., At the same time
the seasonal high owver central Asia alsc strengthened and the pressure at the
centre reached 1055 mb en the l4th. Simultanecusly a fesble induced low also
moved from scuthwest Hajasthan to Bihar between 1Oth and 12th, though it did not
cause any preclipitation or significant cloudiness. Marked changes in the low
level wind flow occurred on 12th and 13th; on 13th morning the flow over the
major portions of the country to the north of 20°M became northwest/morth

(Fig.13.2).

13.2 In assocliation with thess developments minisum temperatures began to
fall over West Pakistan on 1llth and 12th. Im north and central Imdia the mini-=
mum temperatures were nearly normal over most areas on L2thy  from this day one
wards they commenced falling over nerthwest Indla and Madhys Pradesh (Fig.13.3)
and the fall continued and also extended mastwards during the next four days,
the fall being wvery gradual. By 15th the minimum temperatures were 3° to &°C
belos normal over the country to the north of 20°M. On 16th (Flg. 13.4) it
becane a moderate cold wave over East Rajasthan. It extended sastwards rapidly
and an 17th (Fig., 13,5) moderate to severe cold wave conditions were affecting
Gangztic West Bengal, Blhar Plateau, south Uttar Pradesh and adjeining Worth
Madhya Pradesh and East Rajasthan. It is of imterest to note that the cold
wave intensified over Bihar where temperatures were 8°C to LO®C below normal,
compared to Rajasthan and Uttar Pradesh where it did not go below 6°C-7°C,

Althaugh the minimum tesperatures over Bihar Plateau were nearly of the same

# This low has already been described in Sec.4 which mey be referred to.
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magnitude as those over morth Rajasthan and the adjoining areas, the negative
departures over Bihar Plateau were higher, since the normal walues of mindmum
temperatures over Bihar Plateau are higher than cwer Rajasthan. By 1Bth the

cold wave abated ower the country except over a small portion of Gangetic West

Bangal .

13.3 The following polnts are noteworthy in thls case -

i} The cold wave was preceded by a western disturbancte moving to the north
of the country. The feeble induced low did not ceuwse any clouding or
pracipitation.

11] The intense high in the rear of the disturbence extended zouth and
southeast and was probably responsible for the loawering of temparature
over morth India. The fall in temperature was gradual, spread over a
fow days,
iii} The cold wave intensified ower Bihar and adioining areas.
iv) It travelled sastwards across south Uttar Pradesh and north Madhya Pra=
desh to Bihar Plateay and Gangetic West Bemgal, while areas further to

the porth ware free from the cold weve,
14, Cold Wawve = Conclufions

14.1 The abowve case historlies show that cold waves occur in the rear of
active =5 well a5 weak western disturbances. (The adjectives, "active' and
'waak' are based on the preclpitation over India produced by the western distur-
bance.) In the case of active disturbances the drop in temperature Ls rather
abrupt and appreciablse. When the minimum temperatures are already below normal,
sometimes we get 8 cold wave in the rear of even a weak western disturbance. In

these cases the drop in temperatures fs more graduwal,

14,2 The lowest temperatures in the cold wave is usually reached on the

second night of the cold spell,



a0
14.3 Cold wavas may enter northwest India from West Pakistan, or develop in
sity over morthwest Indla, They usually spread eastwards and southwards and
may reach as far sast as Weat Bengal or as far south as Telangana. On Some

oceisions a cold wave intensifies owver Bihar or East Uttar Pradesh.

14.4 Since cold waves occur in the resr of western disturbances where pras=
sur: gradient is somewhat strong,the resulting strong winds add to human discom-
fort. The pressure gradient sometimes extends over north and central Arabian
Sea also. Generally the winds below 1.0 km are intimately related to the

onsét and progress of cold waves. The wind at 0.9 km has been found to be very
useful in advecting the 10Cand TLminimum temperature isotherms during the sub-
gegsant 24 hrs. The winds at higher lewvels do not seem to have any signifi-

tance in forecasting the cold wawve.

a5 Oyar CGujarat State, WMadhya Maharashtra, Yidarbha etc. a more northerly
componant for the upper winds (0.3 to 0.9 km) is favourable for a cold wave than
a northeasterly or easterly turnimg atound the anticyclone over northwest India.
Cold waves are assecliated with large drops in surface dew points, suggesting the

invasion of extremely dry air.

14,6 A preliminary examination of some radioscnde ascents on days of cold
waves showe that the changes in the dry bulb at a station when the cold wave
advancaes, is much less than the chanoes in the dew point and whereas the dry
bullk temperatures during the cold wave days are not wvery different {or in Fact
even warmér than) from the normal walues for the station, the dew point tempe-
ratures are very mech lower than the normal values, suggestive of the gresater
role plaved by the lack of molsture in the lowering of temperature. Turing
period of cold wawes the morning ascents show considerable stability Inm the
lower level = sometimes extending from the ground to as high as BOD-T750 mb lewl,
omd Jpel hput
Twec rddicsonde ascents for HNew Dalhiiﬂu:tng a cold wave period are {llustrated

in Fig, 14.1,
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15, Fog

15,1 Fog is a localisad phenomenan.  However, under certain synoptic situwa-
tions, conditions become favourable for the occurrence of fog ower fairly large
areas, although the actual occurrence or non-occurrence at any partieular place
i¢ dependent on local Features. The most important synoptlc eitwation under
which fog occurs over large areas, is the western disturbance. In the rear and
somatimes ahead of western disturbance, the low level moisture,; wind fleld and
stability conditions become favourable for the coccurrence of radiation fog -
though there may not always be a4 favourable combination of these thres factors
If raln falls in the evening or night and imeediately after the rain the sky
clears up and strong winds have not set in, thera is a good chance for thick fog
on the pext morning. Often fog ocours on the subsequent one or twd mornings
Immediate
also, Such situations occur in the [/ rear of a western disturbance. Along
the cepastal areas of Orissa, West Bengal and East Pakistan foo generally ocours
ahead of the western disturbance, when a shallow current of moist air is drawn
over these areas under the influence of a western disturbance further to the
weit, Occasiomally such conditions alse occur over Bihar and Uttar Pradesh
when an easterly stream in the wvery low levels extends over these areas under

the influsnce of a western disturbance over northwest India.

content 1=
1%.2 When the low level moisture / quite large, the fog may persist for a

long period and may be accompanied or followed by wery low and thick stratiform
clouds.  On cccasions thick fog and stratus hawve persisted upto forenoon or

even mid=day, though such {nstances are mot very common.

15.3 In the following paragraphs an instance each of fairly widespread fog

i) in the rear of a western disturbance,

i1} shead of a western disturbance along coastal Orissa and West Bengal and

iii} shead of a western disturbance over Bihar and Uttar Pradesh, are giwven.

15,4 In association with the western disturbance discussed in Sec, 3 thers
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was falrly widespread rainfall over Himachal Pradesh, Punjab, Haryana, East
Rajasthan, West Uttar Pradesh and adjoining areass even by the evening of 17th
December 1961, By 2330 hrs IST, lew level winds{ 0.3 to 0.9 km)changed te
light northerlies owver Rajasthan, ©n the 1Bth morming (Flo. 3.4) in the Tear
of tha western disturbance there was falrly widespread fog in Punjab and north
Rajasthani soma stations reported thick fog with sky not discernible. The
ligtt winds, moisture in the lower levels due to the previous evening's preci=-
pitation and the subsequent c€learance of the skies as the western dlsturbance
moved sastwardsmwere qulte fawourable for the occurrence of fog. As the western
disturbance moved further eastwards on l9th, foq recurred at a few stations in
noerth Rajasthan and Punjab and also extended to Uttar Pradesh and north Madhya
Pracesh (Fig. 3.%). Again on 20th a number of stations in morth Rajasthan,
Uttar Pradesh and north Madhya Pradesh reported fog. In this particular case
thick fog over Uttar Pradesh and neighbourhcod recurred for nearly ten consecu=

tive days. '

15.% on the morning of 27 Janwary, 196%9; there was fog at many stations in
Gancietic West Bangal and East Pakistan (Fig.15.1). The western disturbance was
5till owar northwest India, but as it was intense, molsture was belng drasm into
northeast India ahead of the disturbance. The noteworthy features on the day
aret—
La) S/SWly upper winds over Orissa, Gengetic West Bemgal and East Pakistian
in the lower levels {(Fig. 15.2},
(b} an anticyclone over north Bay on the surfa¢e chart and
{e) considerable rise in dew point and minimum temperatures over the above
land areas indicatlve of the advection of warm moist alr (Fig, 15.3).
The morning radiosonde ascent at Calcutta on 27 January (Fig.15.4)
shows a nearly saturated shallow layer close to the ground and & strong
inversion layer above this, ©On the previous morning the inwversion

layver was from the ground to 985 mb,
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15.6 Under the influence/a westarn disturbance over West Pakistan, easter-
lies were prevailing on 10 January 1962 (Fig. 15.%) over most of north India and
Madhya Pradesh in the lower lewels {very much different from the normal flow);
the easterlies were rather light. The skies were cloar over the plains of
north India, Dew point temperatures were generally rising during the previous
36 hre. over the area., Fog was reported on this day at a number of places in
Bihar Plains and Utar Pradesh (betwesn Patna and Delhi) and at many stations
they persisted sven at DB30 hrs IST (Fig.15.6). On the previcus two days also
fog was reported from Uttar Pradesh and Biher althowgh the nuwber of statlioms

reporting fog was rather less.
l&é, Satellite Pictures of Western Disturbances

16.1 Mo systematic study of the satellites cloud pictures of westarn distur-
bances hay been made so far. However, satellite cloud data are now regularly
available, on an operational basis o the forecasting offices, The pictures
indicate the extent of the cloudiness associated with the western disturbances,
so that the forecasters who very often do not have adequate data coverage over
the crucial areas to the west and northwest of India can infer from the satel-
lite pictures the approach of western disturbances snd the nature of their acti-
wity. Three satellite pictures of clouwding essociated with western disturbances
have been presented below — more as & matter of Interest than as any typical
cages based on an exhaustive study of the subject. Very cccasionally extensive

low stratus and fog have also been noticed (picture not presented) in the pic-

turee taken during morning hours,

14,2 The picture for 16th December 1967 (Fig. L6&.1) shows an extensive
frontel system from central Siberla westsouthwestwards #o Eoypt (the picture o
the north of 50N is black becawse of the absence of sunlight at the high lati=
tudes). The hemispherical surface analysis is also shown in Fig. 16.2, The

frontal system lies just over the extreme north of Jamm: and Kashmir. The upper
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winds owver the fromtal system wepemore or less zonal, The cloudiness over
central India is associated with a system in easterlies which lay off the west

coast of the peninsula and adjoining areas.

16.3 The picture for 22nd December 1967 (Fig. l6.3) shows the cloudiness in
astociation with a well marked western disturbance over Rajasthan (Fig, 16.4).
Ho:e the extenslive cloudiness entirely to the north and east of the low and its
pxension southeastwards almost upto Nagpur. The relatively sharp eastern edge
of the cloudmass near Long. B2"E roughly coincides with the upper ridge, Surface
statione below the cloudmass (im the satellite picture) reported mixed types of
clouds-cumuliform, stratiform and cumulonimbus. Fairly widespread rainfall
pcirurred over these areas, many Stations recording as much as 2 cm at OB30 hrs.

IST of 23rd.

16.4 The picture for 26th December, 1967 (Fig. 16.5) is that of a western
disturbance which lay as a depresslon centred near 29°M, TO°E on this morning
(see Sec. 7). The extensiwve heavy overcast to the north, the rather sharp wes-
tern edge of the cloudmass at &3°E and the cumuliform bands to the south and
goutheast more or less aligned alomg the stromg lower tropospheric wind field,
are noteworthy features in the picturs. As suggested by the picture the rain=
fall was widespread and heavy to the north of Lat. 30° ,many stations reperting

4 cm and akove.
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APPENDIX = 1

R.Czs Bombay/ Calcutta/ Madras/ Nagpur/ Mew Delhi.

Subs Criteria for tracimg western disturbances.

Ref: Recommendation 12 of Forecasting Officers Conference,
15954,

D.G.0. has approved the above recommendation dealing with the

criteria for tracing westernm disturbances in the day to day analysis. Forecas—
ting Offices under your control may kindly be infermed accordingly.

Recommendation = 12.

1. When the disturbance is outside the Indo-Pakistan, area, the princlipal
agsociated phencmenon like preclipitation, cloudiness, pressure fall or wind
shifts, which makes one infer the existence of the disturbance, should be men=
tiored in the infeTence.

2. When the disturbance enters the Indo-Pakisian area, we may describe

it wherever possible in terms of the actual synoptic situatiens. For example:=

Western disturbance lies as am upper alr trouah,

LE] L s sa @ Sad=level trough,
"y i i4 4% 8N UppeET air low,
e e sy sy & sea-level low,

When two or more closed isobars at 2 mb intervals are discernible on the sea-
level chart, the disturbance may be described as a western depression, at has
been done inm the earlier days.

3. Tre use of the term "Secondary western disturbance” be altogether
avolded, as most of these so-celled secondaries do not appesr to foim in our
region Im the same way as secondaries do in the middle latitudes. When a
tecond 'low' forms over Rajastham or Madhva Pradesh, it may be describad as an
"induced low' or simply as "a low', {(This would mean that term "Primary wes-—
tern disturbance” would also be not uged].

£d/ -
for O. D. G. F.

DDGE UOT Mo, w394/ Pooma=5% , dated the 11 February, 1957,



40
APFENDIX - T1.
B,Cs: Bombay, Calcuttas/ Madras/ Wagpur/ Mew Delhi.

Sub: Meed for evolution of wniform criteria for locating
and LIacing movement of western disturbances.

Ref: RAecomméndation 9 of F.0s' Conferencé, 1960 and in
continuation of DOGF.UJY. Ho.W304 dated 10.2.1957.

D.G.0. has approved the : ove recommendation. Forecasting Offices
uncer your control may be asked to adopt the recommendation with effect
frem J.&.1961. Recommendation 9 of F,08' Conference (1960) is reproduced
below. For ready reference,; copy of DDGF DDI Mo. W3%d dated 11.2.1957 is
al=o epnclosed.

The receipt of this letter may kindly be acknowledged,

Recommendation - 9.

L. Parss 1 and 3 of the recomsendation of the previous Forecasting Offi-
cears' Conference (1956) are to ba strictly followed.

2, The adoption of terminology alven in para 2 of the previous Forecas—

ting Officers® Conference (1956) is to be continued, keeping in view the fol-
lowingi=

i)5ea level lows or troughs need not be referred to as “Western Distur=
hances™ unless those systems are discermible at 0.9 km or aloft.

ii)In cases where sea lewel systems are complex 4nd feeble but the upper
air systems are more marked, then the 'diesturbance' be described in
terms of upper air systems,

1ii}In the case of upper air systems, the appropriate levels (1.5 km and/
er aleft or 850 mbs and/or aleft) at which the systems are discernible
should be specified,

3. When there is evidence to infer that the system is affecting the Eastern
Hinaleayas durlng its eastward travel and when it is not possible to describe the
system in terms of paras 1 and Z above, the term "Western Disturbance™ may ba
usitd without any speciflcation, The use of the term 'westerly wawve' should be
avoulded in such cases,

Sd/=

{ T.M.E. Hedungadi )
for D. D. G. F.

DDGF UOI No. W394/316-20 Poona=5, dated the 7 April, 1961,
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