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1, Introduction
1.1 During the period March to July, when the normal temperatures are gene-
rally high over the Indian sub—continent, any further rise in the temperature
becomes a matter of concern to the people in all walks of life. If the hot
spell is prolonged, it creates shortage of water in some areas. For the agri-
culturist, it leads to a condition for drought. This disastrous phenomenon
gives a physiological strain also which sometimes claims heavy toll of live-

stock and human beings.

1,2 6n the other hand, during the period from November to March and some-
times in the month of April, cold dry air blows from a northwesterly/northerly
direction and lowers the day and night temperatures. Sometimes, the tempera-
tures go down so much that it leads to a condition of frost, resulting in damage

to agriculture.

1.3 There is no fixed periodicity or minimum/maximum extent of spread associa-
ted with each hot/cold spell. However, during each hot/cold season, there are
2 to 3 occasions when the hot/cold spells appear and disappear after a few days.

This has probably led to the idea of calling them as "Heat/Cold waves".

1.4 By long-standing practice in the India Meteorological Department, a
region (or a station) is said to be in the grip of a "moderate heat wave",when
the recorded maximum temperatures are above normal by 6°C to 7°C and it will be
called a "severe heat wave" if the maximum temperature is 8°C or more above

normal.

1.5 Similarly a region (or a station) is said to be in the grip of a
"moderate cold wave" when the recorded minimum temperatures are below normal by
6°C to 7°C. If the negative departure reaches or exceeds 8°C, it is said to be

under "severe cold wave" conditions.

1.6 Bxtracts from Technical Circular Forecasting No. 23 dated the 20th

December 1958 (brought upto date after incorporating all subsequent amendments)
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are 3iven below. This gives the ranges of temperatures with the description

associated with thenm.

Extracts from DDGE's Technical Circular Forecasting No. 23%

TIMPERATURFS
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Magnitude of change
or dsparture in 0°C
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l to -1
2 to 3
4 to 5

6 to 7

8 or more
-2 to -3
=4 to =5

-6 to ~7

—8 or more

Description of
change

Little change
Rise
Appreciable rise

Marked rise

Large rise
Fall
Appreciable fall

Marked fall

Large fall

Nearly normal
Above normal
Appreciably above normal

Markedly above normal
(Moderate heat wave)

Severe heat wave
Below normal
Appreciably below normal

Markedly below normal
(Moderate cold wave)

Severe cold wave

M aw ms MR M M e e Gt S fmm @ S dEe G e G A mm e e g o e S emn amm e e G e e am - e

Changes may also be described in numerical magnitudes if desired.
The uée of the word "heat wave" or "cold wave" should generally be restricted
to occasions when temperatures are above/below normal by 8°C or more. There
is, however, no objection if some prefer to use expressions "moderate heat wave"
or "moderate cold wave" when the departures are +6 or +7°C respectively. But
ordirarily the words "markedly above/below normal" should be used for descri-

bing temperature departure of + 6 or + 7°C.

* From DDGF's letter No. W 969 of 22 May, 1971.
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1.7 It can be seen from the above definitions that the actual maximum or
minimum temperatures do not figure in a direct manner in the déscription of a
heat or cold wave. It is only the departures from normal that define heat or
cold wave conditions. Thus, stations in northwest India may record minimum
temperature§ of the order of 4 to 5°C on a winter day, but technically it may
not become a "cold wave" condition. But if the temperatures of the same order
aré recorded at stations in central India, they may be declared to be in the

grip of a cold wave.

1.8 People residihg in a place for a sufficiently long time get more or less
acclimatized to the normal weather conditions of that place. Human beody is
quite sensitive to any physiological change which takes place due to significant
departure of weather conditions from normal. Perhaps these terms, "heat wave/

cold wave", are designed to take the physiclogical changes also into account.

1.9 In fact, these terms are used by the United States Weather Bureau to
signify a rise or fall of temperature at a given place by at least a specified
amount in 24 hours, to at least a specified maximum or minimum. These specifiec

amounts vary with season and locality.

1,10 The characteristic wave aspects like periodicity and frequency are not
generally associated with the case of cold or heat wave situations; but these
conditions, however, may tend to move in preferred directions, particularly the

cold wave.

1.11 For the sake of convenience, this study is split into two parts; the

first one deals with heat waves and the second with cold waves.

2. Heat Waves over India
2.1 Climatology
2.1.1 The climatological aspect of heat waves over India has been studied
by Raghavan (1966) based on the data from 1911 to 1961. Data for later years

from 1962 to 1967 have also been taken into account in the present study.
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Tabls 1 gives the number of severe heat waves which have occurred in the various
sub-divisions of India. Table 2 gives the duration of these heat waves for the
same sub-divisions.

TABLE ~ 1

Total number of severe heat waves (based on data 1911 to 1967)

S am sw S S e e o s A A e o A = - A o= am — - e o e -

Sub~division March April May June July Total
South Assam : 3 15 3 21
West Bengal 1 11 19 31
Bihar Plains 1 7 27 35
Bihar Plateau 5 36 - 41
Uttaxr Pradesh,Bast : 7 2 43 9 61
Uttar Pradesh West 5 2 23 14 44
Punjab 15 2 1 19 11 48
Jammy and Kashmir 16 6 13 18 9 62
Rajasthan, East 2 2 9 13
Rajasthan, West . 10 2 2 ‘14
Saurashtra and Kutch 25 7 4 36
Gujarat 3 1 1 1 1 7
Madhya Pradesh West 2 <l 23 8 34
Madhva Pradesh,East 4 3 38 3 48
Orissa 2 -3 27 32
Coastal Andhra Pradesh 4 13 17
Vidaxbha . 1 10 1 12
Telangana 7 1 8
Interior Karnataka JNorth 5 5
Marathwada 1 1 2
Madhva Maharashtra 1 6 2 9
Raya’.aseema , 1 1
Konkan ‘ 28 1 3

Total 98 38 59 3l8 71 584

% of Total 17 7 10 54 12

S e se e e e e e G vm s am g e wm e M emm A = e emm S S o e e e pmr e emm o - dem a—n -

Note: 1. Sub-divisions given here and in subsequent tables, correspond to
those in 1965.
2. Punjab includes Delhi and Himachal Pradesh, West Bengal includes
Sub-Himalayan West Bengal.
3. North Assam is excluded from this study.
4. Sub-divisions where the phenomenon was not reported at all are
omitted from the Table.
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TABLE — 2

Maximum duration (number of days) of severe heat waves (based on
data 1911 to 1967)

Sub~division March April May June July
South Assam -2 13 4

West Bengal | I 7 12

Bihar Plains ' 1 3 8

Bihar Plateau . '5 10

Uttar Pradesh, East 3 3 8 9
Uttar Pradesh, West‘ 2 1 8 8
Punjab 7 - -2 -1 7 6
Jammu Kashmir 15 4 9 _ iO 3
Rajasthan, Rast 6 . 2 3
Rajasthan, West 7 4 2
Saurashtra-Kutch - 6 5 2-

Gujarat . 5 2 : 3 | 1 1
Madhya Pradesh, West 2 1 6 6
Madhya Pradesh, East 2 1 8 2
Orissa A 1 ' 3 6

Coastal Andhra Pradesh 2 8

Vidarbha 3 6
Telangana 2 ' 2
Interior Karnataka~North | _ 4

Marathwada : 1 1
Madhya Maharashtra 1 3 1
Rayalaseema 1 |
Konkan ) , 1 | 1

— e am o - e - — — e e mm e m s e e e A SN e mm e em Ae A aee e = e e o e em = e

See Notes under Table 1.
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2;1.2 During the hot weather months, March to July, abnormally high surface
tenperatures occur in certain parts of the country; and this phenomenon pro~
gressively spreads from one region to another. There is a systematic varia—

ticn of the incidence of the severe heat waves from month to month in the

country.

2.1.3 As a whole, the occurrence of heat wave is mostly in north Indiaj
even there, the interior parts experience more number of heat waves than the
coastal areas. The islands are not affected by heat waves. Wxcluding Jammu
and Kashmir, the maximum incidence of severe heat waves has been in Bast Uttar
Pradesh; but there is no region where there is a positive recurrence of

severe heat waves every year.

2.1.4 It is seen from Table 1 that there are some preferred localities
where heat waves occur; there are also certain regions which have not so far
experienced any severe heat wave. The sub—-divisions which are not affected by
heat waves are (1) Lakshadweep ¢2) Bay Islands (3) Tamil Nadu (4) Kerala, and

(3) Coastal and South Interior Karnataka.

2.2 Frequency
2.2.1 The total number of severe heat waves experienced in each sub-
division is given in Table 1. Regions susceptible to severe heat waves have

been shown in Fig.l(a) +to 1(f) and it is discussed monthwise below.

2.2.2 March - On an average only 17% of the severe heat waves occur in
this month. Saurashtra—Kutch is the most vulnerable region. Fig. 1(b)
shows that there are two regions which are free from heat waves ‘during this
ﬁonth i.e.

i) Bihtar and West Bengal and

ii) north Interior Karnataka, Andhra Pradesh and Marathwada.
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2.2.3 April — As the sun moves up the northern latitudes during this month,
one would naturally expect that this month will have greater frequency of heat
Waves than the previous one. But this is not so. The frequency of occurrence
sharply falls to 7%. Moreover, many areas like Madhya Pradesh, East Uttar Pra-—
desh, Orissa, Madhya Maharashtra and Vidarbha (and even Bast Rajasthan) have
not recorded any heat wave even though they have heat waves in March. Fig.l(c)
shows that there are two distinct belts where heat waves occur — one in the
western sector from Jammu-Kashmir to Konkan and another over Bihar Plains, West

Bengal and South Assam.

2.2.4 May - In this month, Jammu Kashmir is the most susceptible.region.
The frequency of heat waves over the country slightly increases (to 10¥%) and in
general there is a shift in their activity from western region to eastern parts
of the country; but it is seen from the Fig.l(d) that West Uttar Pradesh and

Rajasthan are free from severe heat waves.

2.2.5 June — Nearly 54% of the total number of incidence in the whole year
are recorded in this month alone, In particular, East Uttar Pradesh experiences
the maximum number of severe heat waves. In 56 years, it has recorded 43 severe
heat waves in this month alone out of a total of 6l1. Next comes East Madhya
Pradesh which has recorded 38 severe heat waves out of a total of 48.

It is interesfing to note from Table 1 that Rajasthan which is one of the
hottest parts of India has hardly recorded any heat wave; another interesting
feature is that the west coast from Kutch-Saurashtra to Kerala is free from
severe heat waves (Fig.l(e).

During the first half of this month, there is a tendency for more occa—
sions of heat waves to occur in 4-.9 North Interior Karnataka and Madhya Maha—~
rashtraj 1in the second half of the month a similar tendency is noticed in the

area comprising of Uttar Pradesh, Punjab and West Madhya Pradesh.

2.2.6 July = In this month the incidence of the waves as a whole is much
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less —~ only 12%. The peninsular India becomes almost free from the occurrence
of severe heat waves (Fig. 1 f). There is a maximum tendency for the incidence

of these waves in the areas of West Uttar Pradesh and Punjab.

2.3 Intensity
2.3.1 As the measure of the intensity of a heat wave is the departure of
maximum temperature from its normal which is always different for different days
and stations, the highest temperature is usually, though not necessarily,

reached during the most intense wave.

2.3.2 Raghavan (1966) has presénted a map based on the data from 188l to.
1964 (Fig. 2) which holds good today also; in this figure, the highest maximum
temperaturesever recorded are depicted by isotherms. 1t is seen from data
svailable that Alwar (in BEast Rajasthan) holds the record for highest tempera-

ture of 50.6°C or 123°F (on 10th May 1956).

2.3.3 Normally in the severe heat waves in India the departure from normal
is about 8° to 9°C; however maximum temperatures 9° to 10°C above normal have
often been recorded in East Uttar Pradesh and Bihar Plateau. During the month

of April, this much intensity is not unusual in Assam.

2.4 Persistency
2.4.1 As far as the persistency of these waves is concerned, their duration
over the country is generally about 5 to 6 days. The maximum period of a wave
in the country was 15 days in March 1921, and this wave was mostly confined to
Jammu~Kashmir. In the plains, there was a wave which persisted for 12 days,
(20th June to lst July 1926). Obviously if a wave persists for a long period,
it may turn out to be quite intense also. The maximum duration (number of days)

of severe heat waves is shown in Table 2, sub-—divisionwise.

2.4.2 Generally a severe heat wave does not last for more than a day or two

in a sub~division but in Bihar Plateau it may persist for as much as 4 to 5 days.
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There is a tendency for these severe waves to persist longer in the month of June
than in the other months, in the areas of West Bengal, Bihar Plains, East Madhya

Pradesh, Uttar Pradesh and Punjab.

2.5 BExtent of coverage
2.5.1 The areal coverage at a time by the severe heat waves varies from wave
to wave, from a portion of a sub-division to a whole sub~division. As the
Season advances towards the end of June, the tendency of these waves is to cover
larger areas. In July, these waves do not extend beyond an area of 3,00,000 to
4,00,000 sq. km. The largest area coverage on a single day ~ so far on
record ~ in the country was associated with the wave of 26th June 1926 (Fig.3),

total area coverage being about 8,000,000 sq., km,

2.6 Movement of heat waves
2.6.1 Generally heat waves develop in the northwestern parts of India or
the northern parts of Pakistan. From these areas, these waves expand to the
neighbouring sub~divisions of the country. Heat wave may also develop in situ
over any region, It is not unusual that on some occasions, two heat waves

develop at the same time, over different regions of the country.

2.6.2 It is noticed that Punjab and Saurashtra and Kutch sub—divisions are
the most favourable areas for development of these waves. In particular, these
develop near Ambala or Veraval and then expand from that area to cover larger

area. When they cross Long. 78°E, they very rarely survive.

2.6.3 Finally when they shrink, the shrinkage may take place from one or
more directions or from all the sides, with or without losing their intensity.
Sometimes, waves suddenly disappear because of cloudy weather with (or even

without) precipitation associated with fast advancing western disturbances etc.

2.6.4 Probably because the mean winds are northwesterly over the country

north of Lat. 20°N, these waves move or expand eastwards or southwards but they
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never move westwards. If these waves move southward, they die and shrink rapidly,
The waves which form in Jammu and Kashmir and Assam sub—divisions, die in the

same regions without movement.

2.7 Factors favouring heat wave
2.7.1 It is mentioned earlier that heat waves occur during the months of
March to July. 1t is, therefore, essential to see the normal circulation

patterns on the synoptic charts for surface and upper air for these months.

2.8 Normal winds
2.3.1 With the progressive northward march of the sun, the equatorial trough
rapidly shifts northward from its winter location on the surface chart. By
April and May it becomes the dominant feature over the Indian sub—continent.
Thzre are two anticyclones, one situated over the Arabian $ea and the other over
ths Bay of Bengal, which give an anticyclonic flow over both the coasts and
adjoining parts. Along the northern latitudes of the country there is northwes—

terly to westerly flow.

2.8.2 At 1.5 km asl in March-April the anticyclone over Arabian Sea sometimes
spreads as far as the east coast of the country giving northerly or northeas~
terly winds over the West Bay of Bengal and the anticyclone of the Bay of Bengal
becomes a part of the anticyclone over Indo-China and Cambodia. It gives a

col region in the East Bay of Bengal; ;;;; the result, the flow of streamlines

in the northern latitudes becomes westnorthwesterly to westerly.

2.8.3 But at 3 km asl an anticyclone lies over the north Peninsula. It main-
tains the westerly flow in the north, and northeasterly flow in the southern
parts. At 6 km asl the anticyclone moves towards the south resulting in strong

westerly flow to the north of 15°N.

2.8.4 As the season advances, in May, these two anticyclones over the sea

areas disappear which gives a zonal flow with a feeble trough in the eastern
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half of the Peninsula. There is @ tilt in the trough and it runs in a north-
northeasterly to southsouthwesterly direction in the lower levels. At 6 km
asl a Tidge lies over north Peninsula resulting in westerly/northwesterly flow

to the north of 20°N and northeasterly flow in the southern Peninsula.

2.9 Weather
2.9.1 Considering the upper air features mentioned above, it can be seen
that there is a continued flow, throughout the season, of dry continental air,
which gives clear weather north of 20°N. The same is occasionally disturbed
by the western disturbances moving across narth<India, as a trough or closed
cyclonic circulation, As there is no possibility of any moisture incursion
into northwest India, it remains practically hot and with the clear skies
which provide maximum insolation. The warmer dry air is then transported to

the east and southeast of that region as per the flow pattern.

2.9.2 The above facts can be utilised in predicting the heat waves.

Some work, mostly in the sub—tropical regions where the air masses are dis—
tinct, is available. Considerable amount of work has been done on these lines
in the United States of America, but no direct method to predict the severe
heat waves, leave alone their intensity, movemént and extent, is so far codi-
fied., Still the problem remains to be solved. McQueen and Cadesman ngéizgle
shown the correlation of the heat waves with the thickness of air mass between

1000 mb and 500 mb levels. It gives an advance indication of the approach and

decay of these waves.

2.9.3 On similar lines, an attemﬁt has been made to see whether there is
any correlation between the thickness of the layer 1000500 mb to the severe
heat waves in India. It has been dealt with in detail in Appendix I. Many
analysed charts have been presented to show that in India also the thickness

of the layer 1000 mb-500 mb has a distinct correlation with the heat waves. It

gives a prior indication of its development and decay.
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2.10 Method
2.10.1 The ridges and troughs in the upper air flow and their amplitudes
which bring about a dynamic succession of pressure systems on the surface chart
are of prime importance in producing these waves at the surface. Therefore,
any positive difference in a 4—day or a longer period in 500 mb height changes
and 1000-500 mb thickness changes will unmistakably define the ridge as posses—
sirg warm characteristic. It will be noted that the thickness changes comprise
the greater portion of the 500 mb height rises, indicating that at sea level the
pressure increase will be only nominal. This fact can easily be observed by
subgtracting the 1000-500 mb thickness values from 500 mb height values to

ob:zain the 1000 mb height changes.

2.10.2 The resultant 1000 mb chart would also show the development of a trough
or a ridge in the initial stages. It will decide the air flow; and if it is
flowing from the source region of high temperature, it will transport this warm

air to the concerned region.

2.11 Conclusion
2.11.1 | The above mentioned factor, i.e. the thickness should be above normal,
is one of the major factors which is indicative of severe heat waves. Though a
number of factors are essential to produce the ideal conditions for the formation
for these waves, it is not ruled out that even some of them will also be able
to develop them; but then it may not be a severe one or of long duration.
These favourable factors are Iisted below in brief to be considered as parame-

ters; but the list is not exhaustive. There may be some unexplored ones.

2.11.2 The favourable factors are — (a) hot dry air should prevail over the
concerned region (b) there should be a region of warmer dry air and an appro-
priate flow pattern for transporting the air over the region (c) there should
2e little or no moisture present in the upper air over the area (d) sky should

be practically cloudless to allow maximum insolation over the region
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(e) the lapse rate should approach dry adiabatic in the air mass to allow warm—
ing to a considerable depth (f) finally there should be a large amplitude anti-

cyclonic flow or the thickness values should be considerably above normal in all

layers.
3. Cold Waves over India
3.1 Climatology
3.1.1 Cold waves are generally experienced in the country during the period

from November to March, but in some years they have also been observed during

April and QOctober as well, in certain regions.

3.1.2 Their frequencies, intensities and occurrences have already been stu-
died by Raghavan (1967) based on 51 years' data from 1911 to 1961. Recent six
years' data from 1962 to 1967 have been added to prepare the tables presented in
this study.

3.2 General
3.2.1 As a whole, more cold waves are observed in the northwestern parts of
India, and their frequencies fall considerably towards the southern and eastern
parts of India. Like the heat waves, there are certain regions which do not
experience these waves at all. These are Bay Islands, Laksha_dweep, Tamil Nadu,

Coastal and South Interior Karnataka, Coastal Andhra Pradesh and Kerala.

3.2.2 Jammu and Kashmir is the sub~division most affected by severe cold
anes. " The number of waves affecting this region is approximately 4 per year,
but in the adjacent areas of Punjab and West Uttar Pradesh, the frequency of
these waves falls significantly, being only one in two years. The most probable
reason for this fall in frequency can be ascribed to the warming of the cold

stream during its descent along the slopes of the high mountain ranges.

3.2.3 From Pakistan also these waves spread over the neighbouring parts of
India. However, Rajasthan, West Madhya Pradesh and Saurashtra and Kutch have

more incidence of cold waves than Punjab and West Uttar Pradesh. On an average,
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one severe cold wave per year may be expected to occur in Rajasthan and Kutch -

Saurashtra area.

3.3 Frequency
3.3.1 The total number of severe cold waves experienced in each sub—division
during the wyears 1911 to 1967 is given in Table 3. Regions susceptible to the
severe cold waves are shown in Fig. 4(a) to 4(bk). Their frequency and distri--
bution are discussed below month by month.
TABLE — 3

Total number of severe cold waves (based on data 1911 to 1967)

- e e e e o A e e e e e e e e = e A em e e o = e e mm mn ey mm e e e A e e em e mm e -

Sub~division Oct Nov Dec Jan Feb March April Total
Assam 1 1
West Bengal 1 5 2 6 14
Orissa 3 2 5
Bihar Platms:- 1 4 1 4 2 12
Bihar Plateau 2 1 1 1 3 5 2 15
Uttar Pradesh,Fast 1 2 4 2 . 9
Uttar Pradesh,West 4 4 6 11 11 6 42
Pun 3zb 1 4 7 6 10 6 34
Jammu—Kashmir 7 33 64 46 31 8 189
Rajasthan,East 1 4 8 17 12 9 10 61
Rajasthan,West 4 5 19 16 11 8 63
Madhya Pradesh,

East 1 3 6 7 4 21
Madhya Pradesh, '

West 1 5 19 22 12 8 67
Gujarat 2 2 8 11 10 3 36
Saurashtra—Kutch 1 3 6 15 16 7 1 49
Madhya Maharashtra 1l 3 8 13 3 2 30
Marathwada 3 2 5
Vidarbha 1 7 12 4 1 25
Telangana 1 1 1 2 -5
Rayalaseema 2 1 3
Interior Karnataka .

North 2 1 4 3 ' 10
Total 4 32 77 192 190 138 63 696
% of Total 1 5 11 27 27 20 9 -
See Notes under Table 1.
3.3.2 October — There are only four severe cold waves recorded during the

period under study. Generally this month is an insignificant month for these
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waves as there is hardly even 1% of occurrence of cold waves. The regions

affected are also scattered i.e. Saurashtra and Kutch, East Rajasthan and Bi har

Plateau (Fig. 4 b).

3.3.3 November — There are two distinct sectors in this month which are
affected by these waves. One is in the western sector from Jammu~Kashmir to
North Interior Karnataka. It is west of 80°E excluding Marathwada, Vidarbha
and Rayalaseema. The other belt comprises of Bihar State (Fig. 4 ¢). In this

month the frequency slightly increases and becomes about 5%.

3.3.4 December ~ This is the month in which these waves occur much in the
southern part of the country like Rayalaseema; moreover areas like Marathwada,
Telangana, Orissa, Fast Uttar Pradesh, Bihar Plains and Assam did not record
any occurrence of these waves. The‘most susceptible area in this month is
Jammu~Kashmir. The frequency over the country as a whole further increases to

11¥% and iﬁdicates the shift of its activity to include West Bengal (Fig.4 d).

3.3.5 January ~ In this month the frequency sharply rises tp 27% and Jammu
Kashmir remains most susceptible to these waves. There is considerable
increase in Rajasthan, Madhya Pradesh, Gujarat State, Interior Maharashtra
State and North Interior Karnataka. As far as Bihar State. is concerned the
activity starts in the Bihar Plains. It also commences in Fast Uttar Pradesh.

The activity ceases in Rayalaseema but starts in Telangana (Fig. 4 e).

3.3.6 February - About 27% of the total number of incidences, are recorded
in the month. The incidentes:mach a maximum in January and February. Almost
all the areas included in Fig. 4 a which depicts the annual incidence are
affected by cold waves during February (Fig. 4 f). It is éeen that we cannot
distinguish any part which is not susceptible during this month to be suscep~
tible to cold waves during the year as a whole. The regions ¥idarbha, Madhya

¥ahdrashtra, Gujarat Region, Madhya Pradesh and West Uttar Pradesh indicate
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significantly more activity of these waves than in January Jammu—-Kashmir is

still the most susceptible.

3.3.7 March — During this month, the frequency falls to 20¥. Most of the
Peninsular India becomes free from the occurrence of these waves (Fig. 4 g).
Although the activity in Jammu—Kashmir becomes less, it remains the most suscep~-
tible area for the activity of these waves. 1In general, the incidences are less

in the second part of the month.

3.3.8 April — This is the last month in the series; the frequency sharply
falls to 9% of the total. The incidences practically cease from West Bengal and
Orissa. The number of incidences becomes much less in Jammu—Kashmir (Fig. 4 h).

In Rajasthan the number continues nearly the same.

3.4 Intensity
3.4.1 It may be recalled from what is written above that the lowest minimum
temperature is not always experienced at a station in association with the sever-
est cold wave, as the intensity of the cold wave is judged by the departure of
minimum temperature from the normal. The lowest minimum temperatures ever
recorded in each sub—division during the period from 188l to 1967 are given in
Fig. 5. It is seen from records that the lowest temperature of —45°C was
experienced at Dras (in Jammu and Kashmir) on 28th December 1910. 1In the plains,
the lowest temperature of —4,4°C has been recorded at Jaisalmer in West Rajas—

than on 4th January 1949.

3.4.2 It has been noticed that generally the intensity of the cold wave
decreases east of about Long. 80°FE or south of Lat, 20°N. However, there is a
small region south of 20°N, on the eastern side of the Western Ghats, where
severe cold waves penetrate. This region comprises of Ahmednagar and Poona dis-—
tricts and the western part of Nasik, This may be due to the orography of the
rejion. Raghavan (1967) explains it on the basis that the cold air collects in

the valley at night, there being slopes on the three sides of the region. The
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movement of the air is restricted in that valley and the air which 1s trapped
gets cooled further by radiation, and this phenomenon gets aggravated in this

region when severe cold waves prevail over Gujarat.

3.4.3 During the months of January to March, 9°C to 10°C is the usual
negative departure of minimum temperature associated with these waves in West
Uttar Pradesh, West Rajasthan, West Madhya Pradesh and Saurashtra and Kutch
area, but the cold waves of Jammu-Kashmir are very intense with the departure of
minimum temperature of the order of —10°C to ~12°C. Over rest of the country
thesintensity is of the order of 8°C to 9°C below normal. In certain excep-

tional cases the departures were more than 10°C below normal.

3.4.4 The severest cold wave in the country on record is of 23rd March 1911
in which Dras (in Jammu and Kashmir), has recorded a departure of -19.7°C.
However, this wave was confined to a very small mountainous region of Ladakh.
The severest cold wave in the plains prevailed from 30th January to 2nd Feb-
ruary 1929. The maximum intensity of it was on lst February 1929, when the
departure dropped to 12°C below normal, over a considerable area in West Madhya
Pradesh and the adjoining parts of Gujarat State and Madhya Maharashtra |
(Fig.6). During this wave, on lst February 1929, the minimum temperature of
-2.8°C at Indore in West Madhya Pradesh and =0.6°C at Malegaon in Madhya
Maharashtra are the lowest ever recorded temperature in the respective sub—

divisions,

3.5 Persistency
3.5.1 The maximum duration (i.e. the number of days) of severe cold waves

s shown in Table 4.
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TABLE — 4

Maximum duration (No. of days) of severe cold waves (based on
data 1911 to 1967)

Sub~division Oct. Nov. Dec. Jan, Feb Mar Apr
Assam 2

West Bengal : 1 1 2 2

Orissa S . ' 4 1

Bihar Plains 1 1 1 1 4
Bihar Plateau 3 3 1 1 5 4 3
Uttar Pradesh,Fast ' . 1 1 1 1
Uttar Pradesh,West | 3 2 7 4 4 2
Punjab 6 4 3 3 4 3
Jamnu—Kashmi 30 16 17 1 9
Rajasthan, Fast 1 1 2 8 4 3 4'
Rajasthan, West - 5 7 6 4 4 5
Madhya Pradesh, East 1 2 8 3 1
Madhya Pradesh,West 1 5 8 4 4 7
Gujarat 2 2 4 2 2 2
Saurashtra Kutch 2 ! 6 5 4 3 | 1
Machya Maharashtra 1 1 5 3 2 1
Marathwada 2 2

Viclarbha , ' I 3 3 2 2
Telangana 2 1 1 1
Rayalaseema . 1 1

Interior Karnataka
North 1 1l 1 1

See Notes under Table 1,
3.5.2 In Jammu and Kashmir severe cold waves last for a period of 4 to 5

days, but in the month of April it does not last more than a day. In
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Rajasthan, Saurashtra and Kutch and West Madhya Pradesh they last for a shorter

period i.e. 2 to 3 days particularly in January, but in other areas usually they
persist for a day or two. The longest duration of 30 days has been recorded
for a severe cold wave but it was confined to a small area of Ladakh in Jammu
and Kashmir. |
3.6 Extent of coverage
3.6.1 During the period from January to March, severe cold waves generally
prevail at a time, over an area of 5,00,000 sq. km. In the other months, the
area covered igs small and of the order of 2,00,000 sq.km. But in Jammu and
Kashmir, severe cold waves are mostly confined to small areas of Ladakh. It has
been noticed also that the greater the intensity of the wave, the smaller the
area it covers at a time. Of all the cold waves recorded so far, the wave that
occurred on 12th February, 1950, prevailed over the largest area. It can be
seen from Fig. 7 that the whole of North India from Rajasthan to West Bengal
was in the grip of this wave.
3.7 Factors favourable for cold waves and associated synoptic
situation
3.7.1 It is seen that cold waves occur due to the inflow of very cold air
from northern latitudes i.e. from the extreme northwestern parts of the Indian
sub~continent or even beyond. When this unusually cold air spreads over other
parts of the country, it manifests as a "cold wave" in those parts. Thus, any
pressure system or synoptic situation, which is capable of causing an inflow
of cold air from these northern latitudes into India will create favourable

conditions for incidence of cold waves.

3.7.2 While discussing the favourable synoptic situations which lead to the
incidence of cold wave conditions in India, Mooley (1957) has summarised as
follows. "If there is to be a free and rapid flow of very cold air from con-
siderably northerly latitude, it is necessary that the disturbance which is

moving away across India should be deep, i.e. the negative pressure departure
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from normal should be sufficiently large and there should be no other distur-
bance in the rear affecting India and no disturbance to the north of India.
The absence of a disturbance to the north of India for a few days will ensure
flow of air from considerably northerly latitudes while the absence of a
following disturbance in the rear will ensure that there will be no inflow of
warm air over northwest India from southerly latitudes. 1In other words, the
absence of a disturbance to the north of India causes a marked cold wave over
north and central India and absence of disturbance to the rear allows the

intensity of cold wave to be maintained for sufficient time".

2.7.3 Situations as mentioned above may not always be realised in assoéia—
tion with every western disturbances and perhaps this may be one of the reasons
for cold wave conditions not being experienced in association with each and
esery western disturbance. But, whenever the cold wave conditions develop,they
are invariably associated with western disturbances manifesting in some form

or the other. This being the case, it is necessary to examine the thermal
structure of the trough systems associated with the western disturbances in

order to understand the mechanism which produces cold wave conditions.

3.8 Trough in the upper westerlies

3.8.1 The western di'sturbances in their active stages generally manifest
over India as low pressure systems either affecting the lower or the upper tro-
pospheric levels, and sometimes both. A well-marked trough in the upper wes-
terlies is more or less a common feature associated with the systems of wes-
tern disturbances. In the vicinity of the axis of these troughs, the existence
of a1 pool of cold air in the upper levels can often be traced. This pool of
cold air invariably travels with the troughs and sometimes it is also seen to

spread into lower levels to reach the ground to manifest as surface cold waves.

3.8.2 In accordance with the degree of anomaly of temperature in the asso-

ciated cold pool of air, the westerly troughs which travel across north India
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during winter months can be classified under three main groups.

(a) Severe Cold-core Trough — (S.C.C.). If algebrically the prevalent tempera-
ture anomaly in the cold air is —6° or less at all levels in the affected
layer, it will be considered as Severe Cold—~core Trough.

(b) Moderate Cold—core Trough (M.C.C.) — If algebrically the prevalent tempera-—
ture anomaly in the cold air is —1°q4§2 ;?IClevels in the affected layer,
it will be taken as Moderate Cold~core Troughs (M.C.C.)s sometimes anomaly
less than -B®C is also observed at one or two levels in the affected layer.

(¢) Warm—core Troughs (W.C.) — If algebrically the prevalent temperature anomaly

in the cold air is =1® to +4°C at all levels in the affected layer, it will

be considered as Warm-Core Trough (W.C.).

3.8.3 The chief characteristics of these main groups are shown in

tabular form in Table 5.

3.8.4 To find out the temperature anomaly at various levels for different
radiosonde stations in India, the mean monthly values of dry bulb temperatures
at different levels have been worked out from 7 years data (1959-1964) of these
stations and utilised in the present study. The actual dry bulb temperature
values at 0001 GMT over a station on a particular day when subtracted algebri—
cally from the corresponding mean monthly values, level by level, give the
values of temperature departures at various levels, for that station. A typical
trough belonging to each of the three groups is illustrated in Appendix II.
These are depicted by the vertical time-sections with temperature and anomaly

of temperature profiles.
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3.9 Thermal structure of cold wave troughs
3.9.1 It is seen from Table 5 that generally surface cold wave conditions
develop with the passage of almost all severe cold core (S.C.C.) troughs and
those moderate cold—core (M.C.C.) troughs which are embedded in the lower tro—
pospheric layers. The M.C.C. troughs which travel only as a trough in the upper
troposphere, may not produce any cold wave conditions at the surface. Rai:
Sircar and Datar (1963) have pointed out this feature of M,C.C. troughs and

their consequent inability to produce cold wave conditions at the surface.

3.9.2 The delineations of the contour and isotherms around a severe cold—
core trough at different isobaric levels on 7th February 1961 are depicted in

Appendix III.

3.9.3 An analysis of synoptic situations associated with different cold
waves experienced in the country during the period 1945-67 has been made. It
is seen from the analysis that in more than 95¥% cases, the cold waves are

associated with western disturbances.

3.9.4 A case of a cold wave situation: which is not associated with a
western disturbance but with a low pressure area over the North Arabian Sea

is depicted in Fig. 8 (a and b).

3.9.5 From figure 8(a) it is seen that there is an énticyclonic flow in
the lower troposphere over the western parts of Pakistan and the associated
ridge line runs through north Rajasthan to northwest Madhya Pradesh. In
association with the low‘over North Arabian Sea, it provides the flow pattern
which transports the colder air from northern latitudes to the region affec—

ted by this moderate cold wave indicated in Fig. 8(b).

3.9.6 After the passage of western disturbances, due to the cooling of the
ground at night, normally radiation fog develops. It generally lifts up
later in the morning but may remain on some rare occasions as stratiform

clouds till afternoon thereby inhibiting the insoclation on the ground. It
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results in further lowering of temperatures and making the cold wave more intense.
Practically this process goes on repeating daily till the northwesterly strong

cold wind sweeps the area.

3.10 Forecasting surface cold wave ﬁonaitions
3.10.1 From the chief features of the cold core troughs mentioned in the fre~
vious sub-sections and Appendix II, it appears that cold air associated with
these troughs has a fairly pronounced tilt to the east in the vertical with res-
pect to the axis of the trough. On account of this characteristic of the cold-
core troughs, it is observed that cold wave conditions generally develop at upper
levels at stations situated far to the east of the trough axes much earlier (i.e.
about 12 to 36 hours) than they do so at the surface levels at these stations,
This characteristic feature is noticeable in most {about 80%) of the severe cold-

core troughs and some (about 40%) of the moderate cold-core troughs.

3.10,2 Thus, if we observe advection of cold air at upper levels (in the layer
600 to 300 mb) in the temperature sounding of a station where approach of a cold-

core trough is expected, we can predict with a fair degree of accuracy the occur—

rence of surface cold wave conditions in the area represented by that station in
the next 12 to 36 hours. The above feature of cold-core troughs serves as an

additional tool for predicting surface cold wave conditions.

3.11 Movement of cold waves
3.11,1 When the western disturbances move northeastwards across the northern
parts of Pakistan and the adjoining Northwest India, the associated cold wave
conditions do not generally spread much to the south but remain confined to

Punjab, Himachal Pradesh, Northwest Uttar Pradesh and North Rajasthan.

3.11.2 But when the induced lows of the western disturbances move eastwards
across north India the associated cold wave conditions appear over different

parts of north India and Central India even as far south as 20°N latitude.
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3.11.3 When these western disturbances move away eastwards from northwest
India, the normal low level anticyclonic flow in the swept area re—establishes.
On many occasion$ under the influence of this low level anticyclonic circula—
tion and the associated cyclonic circulation of the eastward moving western dis—
turbance, northerly or north-westerly winds are established in lower levels in
the region intervening the two systems. These strong winds help to spread
surface cold wave conditions more and more into southern latitudes. This point
is discussed in detail in Appendix III, It is also shown in the same
appendix that sometimes the southward progress of cold waves is prevented by

the inflow of moist air in the lower levels.

3.11.4 As illustrated and mentioned in Appendix II while discussing Fig.lZ2,
the warming processes resulting in dissipation of cold wave conditions begin
to operate first from the top layers of the cold pool, The dissipation,there—
after, sets in over successive lower layers and finally at the surface. Since
the warming processes have a tendency to operate in a downward direction, the
surface cold wave conditions generally tend to persist for a longer time,i.e.
2 to 3 days, than those at upper levels. Surface cold wave conditions,
however, disappear very quickly with the advection of moisture—-laden winds in

lower levels (Appendix III).
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APPINDIX ~ 1

s 1. Severe Heat Wave of June 7-12, 1966.

1.1 The temperatures were generally above normal during the first fortnight
of the month in the whole of India except the southern tip and eastern part of
Assam. The Severe heat wave which was experienced during this fortnight from
7 to 12th June 1966 recorded the highest departure of +11°C at a few stations
in Bihar and West Bengal, but it has not given any highest maximum temperature

record anywhere. It was mostly confined to Bihar and Uttar Pradesh. Then the

anomalies weakened after 12th June 1966.

1.2 All the data covering this period has been taken from the IDWR for

preparing the charts in this Appendix.

1.3 The +6°C temperature anomaly isopleth on the 6th June, 1966, one day
earlier to thé incidence of the severe heat wave, was covering the wide area com-
prising of Wast Rajasthan, northern half of Madhya Pradesh, Bihar Plains, Fast
Uttar Pradesh, southern part of West Uttar Pradesh and a small area of Himachal
Pradesh. Then on seventh, though the +6°C temperature anomaly isopleth was
covering the same area, the severe heat wave of +8°C anomaly was over Bihar
Plains and East Uttar Pradesh. The area covered by the wave was practically the
same on eighth, but on ninth it was confined to Bihar State only and it showed
some movement towards east covering West Bengal also. On tenth, conditions were
nearly the same and the highest temperature of this fortnight were recorded on
these two days (9th and 10th). Almost the whole of West Bengal and some por—
tion of north Orissa also came Qnder the grip of the heat wave. Practically

the same area of West Bengal and Orissa was covered on eleventh also. On
twelfth, only a small portion in the central part of West Bengal was affected

and on thirteenth the heat wave disappeared from the chart.
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2, Synoptic conditions

2.1 On the surface chart the pattern was normal as it should be in June.
During this period of severe heat wave the trough was running along the Gangetic

Plainsand a dynamic trough was along 80°E longitude.

2.2 Initially, for instance on 4th, at 500 mb level, there were two highs,
one covering the area of Gujarat, Saurashtra and Kutch and Rajasthan and
another on the east coast blanketing the area of Orissa, North Coastal Andhra
Pradesh, South Bihar and some southwest part of West Bengal and it also

covered West Central Bay and head Bay, which resulted in a feeble trough over
West Uttar Pradesh. As a result, it gave an anticyclonic flow over Fast
Uttar Pradesh, Bihar State and West Bengal. When the trough moved eastward,
another trough appeared over Pakistan area giving strong anticyclonic flow over
the region. The centre of the high pressure area was over the east coast
enveloping the entire Peninsula and Bay of Bengal. After the tenth, the trough
moved rather fast and on 12th June 1966 it was over Bihar with two anticyclones
on the two sides, one in the Arabian Sea spreading anticyclonic flow over the

entire Peninsula and another over Burma and Thailand.

2.3 The main purpose of this Appendix is to show the relation of the

severe heat wave with the thicknesses in the lower and middle troposphere. The
pressure systems in the intermediate levels are not so essential to discuss.
The various thicknesses and their departures from ﬁormal are dealt with in full
below. What is essential to produce a heat wave is mainly how the increased
thicknesses resulting from the warming of the layer, are advected to the regions
where the severe heat waves are experienced. The winds which will indicate the
transport of the warm air in the lower and middle troposphere are northwesterly
to westerly, north of 20°N. That is the moderate westerly component is main—
tained during the period, which aids the eastward transport of warm air; and
moreover ;as the flow was completely continental, no moisture could penetrate

over the concerned region where the severe heat wave was experienced.
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3. Data
3.1 In this appendix, 1200 GMT charts for three days have been selected in
such a way that the first day presents a day earlier to incidence of the severe
heat wave, the secondday was the most intense day for the severe heat wave and
the third day was the last day of the severe heat wave. These are presented in
Fig.9,10 and 11. To prepare these charts, normals for these two pentads
(1) from 6 to 10th and (2) from 11 to 15th June were prepared based on the

seven years (from 1961 to 67) data, taken from the I.D.W.R.

3.2 In these three charts
i) Figure (a) shows the extent of temperature anomaly (+6°C) which indicates

the area covered by the moderate heat wave and the extent of temperature
anomaly +8°C shows the area of severe heat wave.

ii) Figure (b) indicates the sea level charts at 1200 GMT (solid line) and
1000-500 mb departure from normal thickness pattern (dashed lines) for
1200 GMT of those dates.

iii) Figure (c) shows 500 mb contours (solid lines) and departure from nérmal
(dashed lines) for 1200 GMT for those days.

iv) Figure (d) depicts 500 mb height change (solid lines) and 1000-500 mb
thickness change charts (dashed lines) for 1200 GMT for thnse days. -

Height values on all the charts are in tens of metres.

3.3 All the charts presented in this appendix show the transport of warm
3ir in the concerned region. Similar transport of warm air also took place
in the northern region of Andhra Pradesh but probably due to the clouding and
moisture bearing sea-~breeze currents the heat wave did not occur.

4, Conclusion
4.1 Thus, the necessary parameters for the formation of this severe heat
wave were present viz. — height and thickness values considerably above normal
at all levels; a source region of warm air and appropriate flow pattern for

~ransportation of warm air over the region; no moisture in the upper air over

-he area, leaving the sky practically cloudless to allow maximum insolation,and
lastly the large amplitude anticyclonic flow over the region.
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APPENDIX -~ II

1. Troughs in Westerlies
1.1 The troughs in westerlies are divided into three categories and their
chief features have been given in Table 5 (Section 3). Typical examples of
these troughs (one each) have been illustrated by Figs. 12,13 and 14 respec—

tively.

2. Severe Cold Core Trough
2.1 The vertical time-section for Jodhpur for 19-24 January 1962 with tem—
perature and anomaly of temperature profiles in respect of the severe cold
core trough which caused severe cold wave conditions over Rajasthan and adjoin-—

ing areas of Madhya Pradesh is shown in Fig. 12.

2.2 In this figure, the morning's vertical temperature profile and the
corresponding temperature anomaly profile for each date are shown by continuous
and dashed lines respectively. Taking the vertical line through 0001 GMT of
the particular date as the reference line to represent the 0°C isotherm for the
temperature profile and noanomaly line for the anomaly profile, the temperature
and anomaly profiles for that date are suitably drawn after reckoning that
temperatures (and also their anomalies) have positive values to the right of
the reference line and vice—versa. The temperature and anomaly profiles for
other dates are also drawn in a similar manner. The distance between two suc-
cessive reference lines represents an interval of 10°C in this figure. The
upper air trough is indicated by a thick continuous line and the domains of

cold air (of anomaly —6°C or less) for each date are stippled.

2.3 It is seen from this time-section that the upper air trough passed
through Jodhpur on the night of 20th. Other important features noticeable in

the time~section are:—
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i) Cold air (of anomaly —6°C or less) was not present in the troposphere over

ii)

iii)

iv)

vi)

Jodhpur on 18th and 19th., The anomaly profiles, on these two days, were
lying mostly to the right of their respective reference lines, indicating
that air over Jodhpur was warmer than usual on these two days,

On 20th morning (about 18 hours before the passage of the trough), cold air
(of anomaly ~6°C or less) appeared in the upper levels over Jodhpur but had
a limited depth from about 600 to 490 mb (see the extent of the stippled
area on 20th). 1In lower levels, less cold air (of anomalny;;;;nxthan
—~°C) was, however, present.

With the passage of the trough on the nigﬂt of 20th, a fairly deep layer

of cold air (from ground upto 500 mb) appeared over Jodhpur and simultane-
oursly moderate to Seve£e cold wave conditions developed over surface
layers.

Surface cold wave conditions persisted till the 23rd although cold wave
conditions in the upper levels started dissipating from 22nd morning.
Finally on 24th, cold wave conditions both at the surface and in the upper
levels dissipated away.

With the advection of the layer of cold air first in the upper levels {(on

20th) and then in the lower levels (on 2lst) and thereafter with the pro-

gressive reduction in the depth of the cold air {on 22nd and 23rd), the

base 'B' of the isothermal—cum—inversion layer 'AB' associated with this
cold air also came down successively from 510 mb on 20th to 650 mb on 21st,
800 mb on 22nd and 900 mb on 23rd.

The lapse rate within the layer of cold air (of anomaly —6°C or less) was

comparatively less than in the air aloft.
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3. Moderate Cold Core Trough

3.1 An example of a moderate cold core trough which travelled only through
the layers of upper troposphere is shown in Fig. 13. It has already been men—
tioned that this type of trough may not produce any cold wave conditions at the
surface. It is seen from the time-section of Delhi between 19th and 22nd
January 1959 that the trough passed across Delhi on the night of 20th.

i) At each level the dry bulb temperature is plotted on the top of the level

point and its anomaly at the bottom.
ii) The axis of the trough is shown by a continuous thick line.

iii) The domain of cold air (of anomaly -3°C) is shown by a dashed line.
4, Warm-Core Trough

4,1 In Fig. 14, a time~section of Jodhpur between lst and 3rd February,

1960 is shown. This is an example of a warm—core trough, which normally does
not produce cold wave conditions at the surface. Temperature and anomaly are
plotted as in Fig, 13. The domain of warm air of +4°C anomaly is marked by a

dashed
EPRIXIRMRKE line.
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APPENDIX — I1I

1. Thermal Structure of Cold Wave Trough
‘l.l The delineation of the contour and isotherms around a severe cold-core
trough at different isobaric levels on 7th February 1961 3is depicted in
Fig. 15 (a) to (). 1In association with this trough, moderate to severe cold

wave conditions were experienced on the morning of 8th February over a wide

area in northwest and central India. (Ffigs I5h amd 15¢)

1.2 It is interesting to see from these figures that the cold pool of air
(of anomaly ~6°C) was confined to the area to the left of the axis of the
trcugh at lower levels (Fig, 15 a and 15 b)., But in higher levels, the cold
air gradually delineated itself in an east-west direction and part of it moved
to the area lying to the right of the axis of the trough (at least in the
northern portion of the trough); and finally at 300 mb level, the cold air con-~
finad itself in an area lying entirely to the right of the axis of the trough
at =his level. The positioning of the pool of cold air, level by level, with
respoct to the axis of the upper air trough as seen in these figures suggests
the possibility of the cold air dome tilting forward in the vertical with
resrect to the ax?s.of the trough. This feature can be utilised in predicting

surface cold wave conditions. This has already been discussed in Section 3.10.

1.3 A vertical west—east cross section along 25°N latitude at 000l GMT on
8.2..961 through another S.C.C. trough is depicted in Fig. 16. It can be seen
from this figure that cold air is having a pronounced tilt to the east in the

vertical with respect to the axis of the trough, particularly at upper levels.

1.4 When a western disturbance moves away eastwards, in the rear of this
disturbance, the normal low level anti-—cyclonic flow re—establishes. It is
clear from Fig. 17(a) which indicates the flow pattern at 0230 GMT on 23rd

January 1953 at 600 m. asl, that the strong winds between the two systems -

one a cyclonic circulation over West Bengal and adjoining Assam and another
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an anticyclonic circulation over Punjab and Pakistan area -~ spread eastward
and southward. Surface cold wave conditions moved to the southern latitudes.
In Fig. 17(a) the dashed line is the boundary of the area affected by surface
cold wave on 24th January 1953 at 0230 GMT. Fig. 17(b) shows the same band
of strong winds spreading into more southern latitudes than on the previous
day, consequently shifting the southern bounda;y of the surface cold wave

area to further south.

1.5 On many occasions, the southward progress of these cold waves is
arrested by inflow of moist air in the lower levels. The same interesting
point is illustrated in Fig. 18 wherein the flow pattern at 0001 GMT on
22nd January 1962 at 900 m asl is depicted. The dotted and hatched curves
show the boundaries of surface cold wave area on the morning of 22nd and
23rd January 1962 respectively, but with the ‘inflow of moist air from the
Bay on the morning of 22nd, movement of cold wave into more southern lati-

tudes on 23rd is arrested.
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FIG.2 MHIGHEST MAXIMUM TEMPERATURE (°C) EVER RECORDED IN
INDIA DURING THE YEARS I881 TO I964

FIG.3 SEVERE HEAT WAVE OF THE LARGEST EXTENT ON 26JUN.1926.
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{ Roproduced from "A climatological study of Severe Huat Wavas
i India" by K. Raghavan, LIMG, 1966, Vol.17,No.4,pp.581-585 )
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FIG.5 LOWEST MINIMUM TEMPERATURE (°C) DURING THE YEARS
|8B81=-1967
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FIG.6 SEVEREST COLD WAVE IN THE PLAINS OF INDIA ON I FEB.1929
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‘Reproduced fror "A climatological study of severe Gold Waves in Irsia™
by K.z savan, 1JMG, 1967, Vol.l8, No.l : pp 5l-96 )



FIG. 7
ST/FRE COLD WAVE OF THE LARGYST WATWNT 1IN INDIA CH

12 FeB, 1950

TO 8O
1 | I 1

(Departure of minimum
tamp. in %¢c )

({Reproduced from "A climatological study of severs Cold Waves in India" by
K. Raghavan, IJMG, 1947, Vaol.l8, No.l, pp 91=96)

— e ———— — on

FlG 8

A COLD WAVE SITUATION NOT ASSOCIAT®D WITH A WSSTSRN DISTURBANCE,
BUT WITH A LOW PRTSSURT ARTA OVFR NORTH HH.FEEI}.HN STA
(a) . b -

Flow pattern at 900 m.a.sl. on Minimum temperaturs and its departure

1 Bec. 1994 (0230 2) froN AeEL O the ghsntng of

-6 _

— Isopleth of +6%C izatherm
————— Isopleth of —6°C departure from normal

C = Centre of cyclonic circulat!ier=
P, H‘Edge line



LT IRE T

j0 SUs3 UT Sen(eA SSeuysTY3 TEwIoU welj =Injiedsq

B+ M gk H

6T BUNL 9 JO IWD Q02T 193 (pPeysep)
urejled SSPUNITY} [RWIOU WOIl =IN}IEdep qu QOG-QO00T Ppue
goaT @unr § JO IWD QOET 30) SIEQOS] T8AwR] B35 @ (g)etEBig

Qo9aT Junr g
UQ SAEM JREY SIEISpOW Aq pEjle JIR eaxy t (®)g B1g




( *w*d"6 3o susy Ul 831 senjea WO1ey jo ssinziedep pue sabueys )

9961 #unf 9~z Jo' IWD O0ZT 0} Jreys (seul] paysep) 9961 =uUnf 9 jo
sebueys sseuysyg Aep & qu 0OS-0007T PuUR (S9uTf INS OOZT I0) (S$Sul] pOYsep) TEWIOU woIl @Injiedap
SRONUTIVOD) sebueys JyE1ey Aep ¢ qu Ooc ¢ (Pla*B1g pue (s9UT] SNONUTIUOD) sInojucn quw ANG : (2)a*Bxa



‘wedt b
JO guE] UT senTRA S5eUNITYZ TElIoU woIl BrnjIedayg

=

H
Ry
oy
N F
i 5 i
g+
i, S—
9+
gg,eunf o1 J0 Zoozy Joi{p¥ysep)LI-31ed sseuyDIIYY [EwWIOU g9B] SUnD Q[ U SAEM 3eSy
WX J srnjIedep qu QDG-QQOT PUE 9967 2Unf OT IeARs pUR 2jelepou Aq peldsjje eery ¢ ()01 614

jo WS 0ozt 1of sieqosy [BADT] BEG B ._“_Hu__ud.m.mm




( rwd*6 jo sua} ul exe senfes WOBI=Y fo seinjiedap pue sebueys )

94T @unf Q1-9 JO IND Q027 93 3Xeys yye [ =UnC CT 30 IND DOZT
{seull poysep) sebusys sseuNa1Yyl Aep—t qu OOG—000T PUP 1037  (S=UIT PeYsEp) TewIou wolj ainjledsp pue
(seulr snonuljuos) sebueyo JYbrey Aep—¢ G 00C :(P)OT" D13 (Swull sSnonuljuoa) SINOJUSY Gl OOG & {2107 614



wdb 0 suesl ul genies SSEUNDITY} TewIoU WOXJ sInjiedag

T4~

'+

9041 BUN[L Z1 JO IWD QOZT 203 (peysep) urejjed
SEelUys1Y] TelIou WoIj @Inliiedsp qu QOGOO0T PUER S9&T
sunp Z71 30 IWD QDET I19F S1eqos] T2akT eag :(g) 11 b14

QoI Sunp I Uo SABM DY
@I985 pur dEIRpOm Ag Palo9iiE BoIy (e)r11°61g




( wdb jo susy ul senten Jybley jo0 BInjiedsp pue sebueyn )

™
B .m-ﬁ..\.\\\L
,____..n_.n_._r

i | o%
|
_ /
i Py H
CEBg e z-

. 9961 wUNC (=01 30 IwD pOZY d0j +Ieq9 TF6T SO 21 Jo
(sSUll peysep) sebueys sseuydTyy Aep—z qu pOG—QOOT Pue IND 02T 103 (s=UT[ peysep) Tewrlou wolj @rxnjIedap
(s=uil snoutjues) sebueys yBrey Aep-z qu 00S t(p)T1°614 pue (s=uf] SNONUTIIUOD) SINOIUDD qu DS & (2)T11°613



10AD| UOISI9AU| G Y  ($S8| 40 2,9~ K|DWOUD J0) 11y PO 0 ulbwoq §
913044 Ajpwouy a.njpiadwa] 8]1304d 8in}0iadwaj [DIIJIIA -

21 gl 6l

aul} ybnoJ | -~———

22 €2 ve . 8joQ
A o0 2l Q0 <l 00 2! o0 2l 00 {L1LWO)dw)) 0001
AR~ 2 S
\, “ \ w \ A /4 N\\ \_g N b/ 4006
Dy AU Wﬂ >, 20 41~ ~X -osse
v 3 N/ T 234 4| o:“\ /\_\//V. o008
J. \ / ’ N
/.,d... / “_ / d\« J / / \\/
\ \ — X ./ ] ] 1.YeY)
NN ) - AN ) :
/J/v R /ﬂ\ . \ /._/0\ |
iy )
—y \Vv. - J ~ “\9 . 'y Tﬁd ~m _\9 /3 "Iﬁ/ —009
/ i \&/%/ _ \__/ AN
| I ‘ /
I . | 2 . . ] |
W AR N &\ 8w m oGm0 \iTv -joos
/ _ ) / “.4 A I /NN _ _
\ m_ 6 / ) N | .. |
! _ _ X 2! [ N !
Jﬂd. B\ / A Vv % [ . 22w —W M \...4 . ) -00¢
iy / / / 0 / /
. / \ b2
N N7 om/ &7 / nM ._/
l /
~wy -« W . H

2961 A¥VNNYPL .vN..M” Qol¥3d FHL ¥04 YNAHAOPr 4O NOILI3S 3NIL TVIILYE3IA 217'91d
{



*8ull peysep Aq umoys ST *aull peysep ¢ Aq umoys

( o 4+ ATPwoue 10) ITe wlem 10 uTewod (¢) miUch Atewoue 30) ITe DTOD 10 utPmog (¢
*5UT] SNONUTIUO0D B Aq UMOYs wuTT ybnoxl (z) . “5UTT SNONUTIUOD B Aq UMOYs 8UT] YBnoIl (z )
‘wo0330q 9yl 38 AJewoue s3}T pue ‘wo3310q ‘9Y3 e ATewoue s3I
do3 uo p8313pPTd ST @winjelsawsl *g°d@ (1) 3=3ON pue doj uo pe3jord sT dInjervdwdy *g- @ (1) $93ON
| - e € . 940Q@ 61 oe 12 22 . 98jog
oo 2lI 0o 2! 00 2! (LW9)aw | 00 2 oo z2i 00 2l 00 : (LN9)duwn |
T T T T T T 900j4ng /_ T !  B— T T 8203ing
: v
2 f [ B8 »” ﬂ z e~ T~
N y £1 ) / —006 LA S N W 1006
2\ . < -oos8 " - K 3 -oos
N T2 SN m ) )Y
\
/ + 1 z-
S m Y w\\ ~ )v ~, 100 2™\ r n.._\ 7~ N ] .“.v. —002
/ S~ — A
° s V- 1~ < _
?xﬁ Mmoo, Yy 1000 e B W N Y ,r/» 009
,m_gv "RER Wi / \ _
< _ £ \\-n - . T~ \ m [~ -
Pl ey Ry oy s It 7 =N
_ / /
| / \\ > /
£ - _ Q / [ ) )
2| iy~ g oo F SNy e foor
| ) \\ © /
\ / N /
\ \ d /
€~ . % _ 2~
02 / S /.4 Vg W Hoge . i IEar<a e LyN £y 1008
09 AMYNYE3Ad €1 QOIN3d 3HL 6S AYVANVYF 22- 61 @Ooly3d

xOn_ 4NdHAOr 40 NOILDO3S FWIL TVIILY3A +I'9Id 3HL1 ¥04 1H13A 40 NOILD3S INIL TVOILH3IA €1'91d



FIG.15 CONTOURS (gpm] AND ISOTHERMS (°C) AT DIFFERENT LEVELS ON
7T FEB.I96]l - 00 GMT
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FIG. I5 (contd.)
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FIG. 15 (Contd.)
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FIG. 16 VERTICAL CROSS SECTION (West—East) ALONG LATITUDE
25°N FOR OOGMT OF BFEBRUARY 196l.
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Notes (1) Temperaturs and its amnomaly are plotted at the

top and bottom of the respective levels,
{2) Thin continuous lines are ispthermgat 4°C
intervals.

{3) Dashed lines represent the domain of cold air
(af anomaly -H°C)

(4) —— Trough line.



"BUT] AJTNUTICISI] ====

*BuTuIOW pIfF UC eoip

] " 5 i3 I2Y3In} pPlliys sey
dABRM DTOS ,..-H_ﬂu_._lqﬂ_m o AIPGUND ﬁ“r_.._..___.l._ _ﬂ__r_._ .H.._. | .
BT : d PUODE =t BIIE SARM PTOD 22BIINS U3 JO AdE N0
*butulow puzFz uoc eslp UIelfjnds Bt B0 "=Ul] paysep Ag umoys FEUTT peysep Ad Ueoys CCET AIBNUED p7
daem pro? #281aN% 30 AIPPURGYT ===== £G, "UE[ CF UD 2aem plod Aa pejo=lje eery UG SABM pTA7 S2041Ins A0 Oolid P BaIy

29 'uop 22 19 LIND OO0 €C woP +2 JO LN DEZO ESuDp £2 J° LWDO0E20
0 I'S'D'WOO6E o uisjiod moj4 g B1d o8 oW QOG0 uisyiod mogd (g)y L1 Erd A0 S'DW Q0D 10 uisniod moy 4 (o) LBy




No. II1I-3.7

No. III-3

.8

No. III-3.9

No. III-4
No. IV -
No. IV -
No. IV -
No. IV -
No. IV -~
No. IV -~
No., IV -
No. IV -
No. IV -
No, V -1
No, V - 2

J

10
13
1€
17

1e.1

18.2

18.2

18.4

Discussion of Typical Synoptic Weather Situations : Southwest
Monsoon : Typical Situations over Konkan and Coastal Mysore -
V. Srinivasan, S. Raman, S. Mukherii and K. Ramamurthy

Discussion of Typical Synoptic Weather Situations : Southwest
Monsoor : Typical Situations over Kerala and Arabian Sea
Islands - V. Srinivasan, S. Mukherji and K. Ramamurthy

Discussion of Typical Synoptic Weather Situations : Southwest
Monsoon : Typical Situations over Interior Peninsula, and
Coastal Andhra Pradesh - N.M. Philip, V. Srinivasan and

K. Ramamurthy

Discussion of Typical Synoptic Weather Situations : Weather
over the Indian seas during the Post-Monsoon Season -

V. Srinivasan and K. Raramurthy

Mountein Waves - R.P. Sarker

Rainfall of India ~ P. Jagannathan

Microseisns and Weather - AN, Tandon and S.N. Bhattacharya
Medium Range Forecasting - K.R. Saha and D.A. Mooley

On the Criteria for declaring the onset of the southwest
monsoon over Kerala - R. Ananthakrishnan, U.R. Acharya and
A.R. Ramakrishnan

Monsoons of India : Synoptic Features associated with onset
of Southwest Mornsoon over Kerala - R, Ananthakrishnan,

V. Srinivasan, A.R. Ramakrishnan and R, Jambunathan

Some aspects of the "Break" in the Indian Southwest Monsoon
during July and August - K. Ramamurthy -

Northeast Monsoon - V. Srinivasan and K. Ramamurthy
Bvaporation - N. Ramalingam

Techniques of High Ievel Analysis and Prognosis :
1, Organization and Methods of Analysis - P.K. Das,
N.C. Rai Sircar and D.V. Rao

Techniques of High level Analysis and Progrosis :

2. Prognostic Techniques and Assessment of Accuracy of
Forecasts - P.X. Das, N.C. Rai Sircar and D.V. Rao



