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ABSTRACT 

The present paper contains the results of the study of a synoptic situation over India 
during a period of 8 days in which normal monsoon conditions were followed by a break 
and were further followed by a return to normal monsoon. This study has shown 
that during breaks in the monsoon, a trough in the middle latitude westerlies with a 
jet embedded in it increases considerably in its amplitude and gets retarded as it moves 
into the Tibetan Plateau on account of its entering a region of weaker basic current. 
The large-amplitude trough weakens or destroys completely the Tibetan high at the 
500 mb level and appreciably weakens the easterlies at the higher levels to the south 
of the Himalayas. Protruding into India and Pakistan, the large amplitude trough 
contributes to the development of heavy rainfall along and near the foot of the Hima- 
layas which is characteristic of the break conditions. The southward protrusion of the 
trough and its subsequent movement eastward, is also indirectly responsible for a 
corresponding shift of the high over Iran and Arabia, which, in its turn, seems to lead 
to the formation of a secondary jet core in the easterlies west of 80" E between 20" N 
and 25" N. Consequent on the above developments, the westerly jet which had re- 
treated to the north of the Himalayas a t  the time of the onset of the monsoon re- 
enters the Indo-Pakistan sub-continent during the breaks. Thus we see during break 
conditions, the remarkable spectacle of two jets of entirely different types-the easterly 
and the sub-tropical westerly-within a short latitudinal distance of each other and 
dynamically interacting with each other. 

The above detailed study, supplemented by a general examination of the monthly 
mean 700 mb charts for the northern hemisphere for a period of 10 years, suggests 
that active monsoon over India is closely associated with high index circulation in 
middle latitudes over Asia and neighbourhood, while weak monsoon is closely associated 
with low index circulation over the same region. 

1. Introduction 

The Indian Summer monsoon, better known 
in India as the southwest monsoon, is perhaps 
the most important and well-developed second- 
ary circulation in the atmosphere, exercising a 
very significant influence on the general circu- 
lation. The monsoonal circulation over India 
generally lasts from June  to  September, July 
and August being considered as the typical 
monsoon months, when the circulation is more 
or less a steady feature over the major part of 

1 The material contained in this paper was 
presented by the author in a Seminar in the Inter- 
national Meteorological Institute in Stockholm on 
April 28, 1961. 
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the country. During these two months, the 
equatorial trough better known among Indian 
Meteorologists as the "monsoon trough" lies 
steadily over the Gangetio plain stretching 
roughly from 30" N 75" E to 23" N 88" E. The 
monsoon period, including July and August, is 
however not a period of steady rains all over 
India. Nor is the activity of the monsoon uni- 
form from year t o  year even in July and August. 
While in some years the monsoon activity is 
well-maintained over a whole month, in some 
other years there are well-defined large-scale 
interruptions in the rains, generally lasting from 
3 to  10 days at a time. These interruptions in 
the monsoon rains are known aa "breaks" in 
the monsoon. 
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One of the most well-known facts connected 
with the break-conditions is the shift of the 
monsoon trough from the normal position indi- 
cated above to the foot of the Himalayas, the 
axis of the trough very roughly extending from 
32'N 75"E to 26"N 90"E (RAMASWAMY, 
1958). The other equally well-known fact con- 
nected with the breaks is the occurrence of 
heavy rainfall along and near the foot of the 
Himalayas. 

A survey of all the available literature prior 
to 1956 shows that there haa been considerable 
emphasis on the changes which take place in 
the lower troposphere and a t  sea level in associa- 
tion with the break. Koteswaram had, however, 
discussed in a short note about upper level 
(700 mb) lows in low latitude8 in the Indian 
area during southwest monsoon seaaon and 
breaks in the monsoon (KOTESWARAM, 1950). 

Since 1956, there has been a distinct shift in 
the emphasis from the small changes at the 
surface and lower troposphere to the large 
changes in the middle and upper troposphere 
during break-conditions (KOTESWARAM, 1956; 
RAMASWAMY, 1958; KOTESWARAM, 1958, 1960; 
and PISRAROTY & ASNANI, 1960). 

In  addition to the above, a few authors 
(PISHAROTY t B. N. DESAI, 1956; FLOHN, 
1957) have made, on the basis of their general 
synoptic experience, certain very brief and 
general statements about middle or upper 
tropospheric conditions associated with breaks. 
As far as the present writer is aware, these 
authors have not published any synoptic 
charts in support of their statements. 

In  1958, the author (RAMASWAMY, 1958) 
published a number of synoptic charts and 
vertical time-sections to show that the varia- 
tions in the mid-tropospheric flow patterns 
over and to the north of India during active 
and weak summer monsoon spells are far greater 
than the variations in the moisture content of 
the air or the positions of the monsoon trough 
at sea level or the streamline convergence in 
the lower tropospheric wind field. The author 
has also produced adequate synoptic evidence 
to show that breaks in the monsoon were 
associated a t  the 500 mb level with an extension 
of a large amplitude trough from the higher 
middle latitudes into sub-tropical Indo-Paki- 
stan. On the other hand, active monsoon con- 
ditions wero found to be associated at the 500 
mb level with easterlies sweeping over northern 

India with an extensive high over Tibet and a 
concentration of zonal westerlies further to the 
north. 

These conclusions were based on a study of 
the daily sea level and upper air charts for the 
Asiatic continent for July 1953, a month of 
unusually active monsoon, and August 1954, a 
month of prolonged breaks in the monsoon. 
Unfortunately, in these charts, no data were 
available over Sinkiang, Mongolia and China. 
The conclusions drawn on the basis of these 
analyses were, therefore, necessarily, of a broad 
nature. 

2. Data utilised and methods of analysis in 
the present study 

The author has since had access to the 500 mb 
charts for 00 GMT published by the Meteoro- 
logical Service of the Chinese Republic. These 
contained a good coverage of data over Sinkiang, 
Mongolia and China and over the Tibetan 
Plateau, besides the data over U.S.S.R. and 
Eastern Europe. Consequently, the analysis 
over these regions was much more definite than 
in the earlier paper. 

The data contained in these Chinese charts 
along with the data for Pakistan and other 
Southern Asian countries aa published in the 
Indian and Pakistan Daily Weather Reports 
and Overseas Supplement to the Daily Weather 
Reports of the United Kingdom were utili- 
sed in the preparation of the charts for the 
present study.' The data for India were taken 
from original scrutinised registers available 
in the India Meteorological Department. I n  
drawing contours over the Indian Region, 
much greater weight was given to the winds 
than to the radio-sonde values on account of 
the errors in the radiosonde data (RAMASWAMY, 
1956). For a few Indian stations for which 
00 GMT actual wind data were not available, 
the winds for that hour were computed by 
working out the mean of the winds for 12 GMT 
of that day and 12 GMT of the previous day. 

Vertical time-sections for a large number of 
stations in India and Pakistan and daily cross- 
sections of the zonal winds along the meridian 

1 A brief abstract of some of the results contained 
in the present paper has appeared in the proceedings 
of the Symposium on Monsoons of the World, India 
Meteorological Department (1 960). 

Tellus XIV (1962), 3 
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FIG. 1. Normal monsoon conditions over India 
before the onset of break conditions. Rainfall in 24 
hours ending at 03 GMT on August 3, 1957. The 
symbol ... denotes rainfall between 0.01 and 0.24 
cm. The symbol - denotes rainfall between 0.25 
and 0.49 cm. The symbol L denotes rainfall between 
0.60 and 0.75 cm. The figures indicate rainfall 

correct to  whole centimetres. 

75' E were also prepared and analysed. For the 
latter, the wind data of all stations lying within 
5' longitudes of the 75'E meridian were 
utilised. The data required for these cross- 
sections outside India were extracted from 
1.G.Y cards available in the India Meteorological 
Department. 

3. Case selected for the present study 

During the first half of August 1957, there 
was a short break followed by a revival of the 
monsoon over India. The monsoon conditions 
were about normal' over the greater part of 
the country on August 3 (Fig. 1).  On the morning 
of August 4, the axis of the monsoon trough at 
sea level which was previously rather to the 
south of its usual position over the Gangetic 
plain began to  shift towards the foot of the 
Himalayas and a general break in the monsoon 

1 The terms "normal monsoon" and "active 
monsoon" as used in this paper are more or less 
synonymous. These terms are used to describe the 
activity of the monsoon over India as a whole. 
They do not refer to the activity in any particular 
State or region within the country. 
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FIQ. 2. General break in monsoon rains over India. 
Rainfall in 24 hours ending at 03 GMT on August 6, 
1957. Symbols and figures have the same meaning 
as in Fig. 1. Note the heavy rainfall along and near 
the foot of the Himalayas which is characteristic 
of the break conditions and the rainfall along the 
west coast of peninsular India which is largely 
determined by orography. Note also that there is 
less rainfall over the rest of India, spatially aa well 
as in amount, during the break. Compare Fig. 2 

with Figs. 1 and 3. 

Fig. 3. Norma1 monsoon conditions over India after 
the break. Rainfall in 24 hours ending at 03 GMT 
on August 10, 1957. Symbols and figures have the 
same meaning as in Figs. 1 and 2. Note the well- 

distributed rainfall. 
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FIQ. 4. Successive positions of the troughs and the centres of the closed Tibetan high at the 500 mb 
level during the period August 3 to 10, 1957. A,A,, A,A,, A,A, ... A,,A,, indicate the successive 
positions of the same trough on 3, 4, 5 ... 10 August 1957 respectively. Likewise, B,B,, B,B, ... B,,B,, 
represent the successive positions of another trough on the different dates. H,, H,, H, ... H,, indicate 
the positions of the central region of the closed high over Tibet on 3, 4, 5 ... 10 August. Note how 
the trough A,A, near Aral Sea on August 3 increases in amplitude and gets retarded as it moves into 
Tibet on August 6 (A,A,). Note also that there is no H, in the diagram indicating the collapse of the 

Tibetan high on August 6. 

rains began to set in over the country. As is 
usual under such conditions, there was very 
heavy rain along and near the foot of the 
Himalayas. Talpaigwri (26'32' N, 88'43' E) 
in Sub-Himalayan West Bengal reported 11 cm 
of rain, Cherrapunji (25'15' N, 91"44' E) 36 cm 
and Motihari (26'40' N, 84'55' E) 19 cm on the 
5th (Fig. 2) .  By August 7, the monsoon began 
to revive over the country and a shallow depres- 
sion formed in the Bay of Bengal off the Orissa 
coast on the evening of August 8. By August 10, 
the shallow depression had moved into the 
central parts of the country aa a low pressure 
area and active' monsoon conditions with well- 
distributed rainfall began to prevail over the 
greater part of the country (Fig. 3). 

See note p. 339. 

The situation just described brings out in a 
very rough way within a short period of eight 
days the more important features of the rainfall 
distribution observed in the earlier study 
(RAMASWAMY, 1958) in persistent and strikingly 
different spells in two different years, namely 
during the prolonged weak monsoon spell of 
August 1954 and the prolonged active monsoon 
spell of July 1953. While the study of a short 
spell as in the present paper may have the 
disadvantage that it does not enable us to see 
the characteristics of typical persistent weak 
monsoon or typical persistent active monsoon, 
it has the advantage that it enables us to see in 
a short spell, the entire sequence of variations 
from active monsoon to weak monsoon and from 
weak monsoon back to active monsoon. Hence 
the choice of the present owe for study. 

Tellus XIV (1962). 3 
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FIG. 5. 500 mb pattern during the break conditions: August 5, 1957. The chart shows the 500 mb pattern 
during the earlier stages of the break. The contour heights have been plotted correct to tens of metres 
and the contours have been drawn at intervals of 40 metres. The continuous thick lines are trough 
lines and the zig-zag line is a ridge-line. Dotted contour lines have been drawn in regions where the 
analysis is rather uncertain. The other symbols have the same meaning &s in Fig. 4. Note the large 
amplitude trough A,A,, the shrinking Tibetan high H,, and the anticyclonic cell over Iran acd Arabia 

extending into the central parts of India in the rear of the large-amplitude trough. 

4. Analysis of the Asian charts 

Fig. 4 shows the successive positions a t  the 
500 mb level of the trough lines which affected 
Asia south of latitude 60" N and between 40' E 
and 140OE during the period August 3, to 
August 10, 1957. The figure also shows the suc- 
cessive positions a t  the 500 mb level of the centre 
of the closed high over Tibet during this period. 

The actual 500 mb patterns during the maxi- 
mum phase of the break-monsoon conditions, 
namely on August 5 and 6, are of great interest 
to us and have, therefore, been reproduced in 
Figs. 5 and 6. As a contrast, the 500 mb pattern 
after the break had ended and normal monsoon 
conditions got restored, is shown in Fig. 7. 

An examination of these four diagrams leads 
to the following conclusions: 
(a) During the period 3rd to 6th a middle 
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latitude trough in the westerlies approached 
Tibet from the west. After the 3rd, the ampli- 
tude of the trough increased and as the trough 
approached Tibet, the high over that region 
began to shift eastwards. On the 6th when the 
large amplitude trough lay over Tibet, the high 
over that region had collapsed. The high over 
Arabia and Iran (see sub-para (k) in Section 7) 
also simultaneously extended into central and 
peninsular India and the adjoining Indian seas. 
These developments at the 500 mb level 
synchronised with the maximum phase of the 
break in the monsoon over India. On August 7, 
the large amplitude trough broke up into a 
complex system. Two troughs, A: A: and 
A; A'; (Fig. a), remained over northern India. 
The middle latitude portion of the trough over 
Sinkiang had a slight retrograde motion, pre- 
sumably due to the accentuation and southward 
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FIG. 6. 500 mb pattern during the break conditions: August 6, 1957. The chart shows the 500 mb 
pattern at the peak of the break-conditions. Symbols, etc. have the same meaning as in Figs. 4 end 5. 
The large amplitude trough has protruded further southwards and moved eastwards and wiped out 
the Tibetan high. In association with this development, the high to the west of the trough has ex- 

tended over the peninsular India and the adjoining Indian seas also. 

extension of the high further to the northeast 
over U.S.S.R. (not shown in the diagram). 
The middle-latitude trough A, A,, however, 
moved eastwards after the 7th. B y  the loth, it 
had passed away east of 115" E. The ridge 
associated with the high over Arabia and Iran 
also retreated northwestwards to its normal 
position. The developments between the 8th 
and 10th synchronised with the reappearance 
of the high over the Tibetan plateau, its accentu- 
ation and the onset of active monsoon conditions 
over India,. 

(b) During the weak monsoon phase, the 
large amplitude trough had brought in strong 
westerlies into West Pakistan and northern 
India. These westerlies had reached jet inten- 
sities at the 300 mb level and aloft over north- 
west Pakistan. 

(c) On the other hand, during the normal 
monsoon phase there waa a good concentration 

of westerlies between 40" N and 50" N north of 
the Tibetan high (Fig. 7). Data for the 300 mb 
level were unfortunately not available for the 
Chinese Sinkiang-Mongolian Region. But, from 
the general speed of the westerlies a t  the 500 mb 
level over these areas, one can infer that the 
winds must have attained well above jet inten- 
sity a t  the 300 mb level. There was also a well- 
marked low over southern peninsular India: a, 
complete change from the patterns during the 
weak monsoon phase (e.g. cf. Figs. 6 and 7). 

5 .  Analysis of vertical t ime sections 

Figs. 8 and 9 show the vertical time sections 
over Calcutta, (22"39'N, 88'27'E) and New 
Delhi (28"35'N, 77'12'E) during the period 
August 3 to 10, 1957 and their association 
with the general behaviour of the monsoon over 

Tellus XIV (1962), 3 
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VERTICAL TIUE-SECTION. NEW DELHI 
S T 0  10 AUGUST 195.7 

y m -  
It* 

-40.0 l 8  n f 
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I ..rwt 12m 1200 tlm r h o  rdw t h  16 m Im 

FIG. 9. Vertical time-section for New Delhi August 
3 to 10, 1957. Same convention in plotting as in 
Fig. 8. Compare the winds during the break with 
those before and after the break. Note the very 
pronounced westerly component in the winds 
up to 14 km and the weaker easterly component 

at higher levels during the breaks. 

DATL A W  3 4 I 6 7 0 8 10 

the country. The following conclusions may be 
drawn from these time sections: 

CALCUTTA 

During weak monsoon, the westerlies are 
conspicuous in the mid-troposphere. Easterlies 
prevail a t  9.0 km and aloft and increase with 
height. It is, however, important to note that 
thq eaeterlies are significantly weaker during 
break-monsoon. During normal monsoon, on the 
other hand, the emterliea are stronger. 

NEW DELHI 

During break-monsoon, the westerlies domi- 
nate the whole of the mid-troposphere and the 
upper troposphere upto 12.0 km. Easterlies 
prevail at higher levela but they are significantly 
weaker during the break than during normal 
monaoon up to all heights for which observations 
are available (viz. up  to about 18.0 km). 

6. Analysis of the cross-sections of zonal 
winds 

The cross-sections of the zonal winds along 
75' E during the period under study ( is .  August 
3 to 10, 1957) were drawn with considerable 

ZONAL WINDS ALONG 7 f E  
"OIIYAL YOMOOU BEFORE BREAUJ 

3 AUGUST 19S7 

k ,  ,* u. , ;* , ,  .t d 77+ . *r7 ;# 
u1.l l.w- I mwm .I).I..mnIII(,UII.* .m r.1 I. 

FIG. 10. Zonal winds along meridian 75' E during 
normal monsoon before break (August 3, 1957). 
The heights shown along the Y-axis correspond to 
standard isobaric levels. The isopleths of wind speed 
are in knots. Positive values indicate easterly winds 
and negative values indicate westerly winds. Dotted 
lines have been drawn where the analysis is rather 
uncertain due to paucity of observations. J ,  is 
the position of the easterly jet core near 15ON. 
Note the secondary maximum in easterlies near 
let. 20ON. The westerlies are increasing in speed 
to the north of 28' N. The westerly jet core is beyond 
the northern limit of this cross-section and is near 

50' N. 

emphasis on their continuity in space as well as 
time. This was necessary for getting a consistent 
picture of the day-to-day variations and also 
of the spell as a whole. 

Figs. 10 and 12 show the cross-sections on 
August 3 and 10, 1957, i.e. before and after the 
break. Fig. 11 shows the cross-section on August 
5, 1957, i.e. during the break itself. An analysis 
of these cross-sections brings out interesting 
features such as comparatively little variation 
in the depth of the monsoon westerlies along the 
west coast of India during normal monsoon 
and break conditions and the replacement of 
the easterlies by westerlies along the foot of 
the Himalayas (i.e. northward shift of the 
monsoon trough) in  the lower troposphere 
during the break. We do not, however, propose 
to go into these aspects. We shall confine our 
attention mainly to the upper tropospheric 
wind field. 

The most salient features of these three cross- 
sections are summarised below. 

Tellus XIV (1962), 3 
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LONIL WINDS MOW 75.C 
8RE AK IN W S W H  

5 AUGUST 1951 

Normal monsoon Conditions before and 
after the break (Fige. 10 and 12)  

(i) The easterly jet stream extends between 
5 " N  and 26"N with its core probably near 
about latitude 15"N. There is, however, a 
secondary maximum between 19" N and 22" N. 

(ii) Before the break, no westerly jet core is 
observed within the limit of the cross-section. 
Examination of the constant pressure charts 
shows that the jet core is near latitude 50" N. 

(iii) After the break, a well-defined jet core 
is found near latitude 42" N. The westerly jet 
core is near about 12 km level while the easterly 
jet core is, as is to be expected, near about the 
17 km level. 

(iv) From (i), (ii) and (iii) above, we can 
conclude that the westerly jet core during nor- 
mal monsoon is, in the mean, near 46" N and 
that the distance between the easterly and 
westerly jet cores in this situation is, in the 
mean, about 31 degrees of latitude. 

Break-moneoon conditions (Fig.  11) 

(i) During the break conditions, the easterly 
jet stream holds sway between 5" and 22"N. 
There is a jet core near latitude 12" N, some- 
what south of its position during normal mon- 
soon. The secondary maximum between 19" 
and 22"N has become more pronounced and 
has a jet core near 20" N. 

(ii) There is a remarkable extension of middle 
and upper tropospheric westerlies equatorward 
up to latitude 26" N. Associated with this exten- 
sion, there is pronounced horizontal wind-shear 
between 26" and 33" N above 10 km. There is 
also a westerly jet stream between 30"N and 
42" N. An analysis of the day-to-day develop- 
ments during the period under study (i.e. 
August 3 to 10, 1957) suggests that the westerly 
jet stream during the break-period had probably 
two cores, one near 32"N and another near 40"N 
(they have been indicated by Jw with interro- 
gation marks in Fig. 11). 

(iii) From the above, we are led to infer that 
the distance between the easterly and westerly 
jet cores during the break period is only about 
12 degrees latitude aa against 31 degrees lati- 
tude during normal monsoon conditions. Even 
if we rule out the postulate of twin westerly jets 
and m u m e  that there is only one westerly jet 
core and we fix it a t  36" N (marked Jw in Fig. 
l l ) ,  the lateral distance between the easterly 
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ZL A"% Am* Lm;-L2.zm$:;A s9 A 4, ,L! 
FIG. 11. Zonal winds along meridian 75" E during 
break (August 6, 1957). Same convention in plotting 
and analysis as in Fig. 10. Note that the main 
easterly jet core has shifted slightly southward 
and that the secondary maximum near 20" N has 
developed into jet intensity. Twin westerly jet 
cores in the positions indicated with interrogation 
marks appear probable. The latitudinal distance 
between the easterly and the westerly jet cores is 
only about 12 degrees of latitude as against 31 
degrees, in the mean, before and after the break 

(Figs. 10 and 12). 

ZONAL WINDS ALONG TSE. 
(NORMAL MONSOON AFTER BREAKJ 

10 AUGUST 1951 

FIG. 12. Zonal winds along meridian 76" E during 
normal monsoon after break (August 10, 1967). 
Same convention in plotting and analysis aa in Figs. 
10 and 11. The main easterly jet core is near 16" N. The 
secondary maximum in the easterlies is near about 
20"N and the westerly jet core is near 42"N. 

and westerly jet cores during the break-period 
is only about 16 degrees latitude aa against 31 
degrees latitude during normal monsoon con- 
ditions. While it is not claimed that these figures, 
by themselves, have any special significance, i t  
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cannot be denied that they present irrefutable 
evidence to show that the westerly jet stream is 
far away from India during normal monsoon 
and that it makes a very definite approach 
towards the easterly jet stream over peninsular 
and central India during breaks in the monsoon. 

7. Breaks in the southwest monsoon as a 
phenomenon of interaction between the 
easterly and the sub-tropical westerly 
jet streams 

Based on these detailed synoptic studies and 
our past experience with southwest monsoon 
situations, we would make the following general 
observations. 

(a )  The Tibetan Plateau exercises a pronoun- 
ced sheltering effect on the air-streams flowing 
over and near the plateau (ACADEMIA SINICA, 
1958; FLOHN, 1958). Consequently, the wester- 
lies above the plateau are much weaker than 
those a t  the same level to the east or west of 
the plateau. This pronounced weakening of the 
basic current has a very important dynamic 
effect on the upper troughs moving eastwards: 
the troughs get retarded and at the same time 
their amplitude grows larger for the reasons 
explained by BERGGREN, BOLIN & ROSSBY 
(1949) and by ROSSBY (1959). 

( b )  During normal monsoon conditions, there 
is an extensive and well-marked high over the 
Tibetan Plateau a t  the 500 mb level and aloft 
with a more or less zonal westerly flow to the 
north of the high. Wind speeds in these zonal 
westerlies attain jet intensity a t  the 300 mb 
level and aloft. Under such conditions minor 
wave-troughs usually move eastwards from 
Sinkiang to the north of the Tibetan high 
(ACADEMIA SINICA, 1958). 

(c)  Occasionally, troughs of relatively larger 
amplitude extend to latitudes south of 40" N 
over Russian Turkestan. Such situations would 
normally occur during periods of low index 
circulation when there is pronounced meridional 
flow with jets embedded in the meridional 
patterns (ROSSBY, 1959). 

(d )  In  such situations, the relatively large 
amplitude troughs move eastwards over the 
Tibetan plateau. The troughs get retarded and 
at the same time their horizontal amplitude 
grows larger for the reasons stated in sub-para 
(a )  above. The troughs thus extend into West 
Pakistan and northern India. 

(e )  If the eastward moving large amplitude 
trough is initially a deep one, it will shift the 
Tibetan high eastward and weaken it. It may 
even destroy it completely at the 500 mb level 
as in the case we have illustrated in the present 
paper (Fig. 6).  In  this process, the easterlies over 
northern India (associated with the Tibetan 
high) also get weakened considerably and may 
even be completely replaced by westerlies at 
the 500 mb level. I t  is in  such situations, that 
there are breaks in  the monsoon rains over India. 

( f )  The middle-latitude trough which has 
penetrated into West Pakistan and northern 
India moves relatively slowly and is charac- 
terised by a jet in the rear of the trough-line 
a t  the 300 mb level and aloft. Ahead of the 
trough, however, the westerlies are much 
weaker. Consequently the trough is of the 
diffluent (fanning contours) type and is charac- 
terised by pronounced upper level divergence 
ahead of the trough line (PETTERSEN et al., 
1955; RAMASWAMY, 1956). As the region ahead 
of the trough line is situated along and near the 
foot of the Himalayas and as the moist south- 
west monsoon current pervades these regions 
in the lower troposphere, the upper level diver- 
gence should contribute to the up-draught of the 
monsoon air and consequent heavy rainfall 
over these regions. The fact that there is actually 
very heavy rainfall in these regions during 
break-monsoon conditions does therefore lead 
us to think that our general line of reasoning 
should be acceptable. 

(9)  An important effect of the southward 
protrusion of the large amplitude trough into 
northern India and its subsequent slow east- 
ward movement is the associated southeastward 
shift of the high over Arabia and Iran a t  500 mb 
level and aloft. This high protrudes into India 
south of 30" N and contributes to the dry 
weather conditions over that part of the country. 
That such a high exists and that it is significant 
in connection with the dry weather conditions 
has also been recently pointed out by PISHA- 
ROTY & ASNANI, (1960). It should however be 
emphasised that it is the powerful system of the 
trough in  the weeterlies with the jet embedded in 
it that controls the movement of the Iranian high 
and a9 such i t  i s  the weeterly system which should 
be considered a8 the primary cause for the induce- 
ment of dry weccther over the country. 

(h)  The qualitative statements made in the 
above paragraphs are in no way inconsistent 
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with the conclusions of YIN (1949) about the 
onset of the southwest monsoon over India and 
with the observations recently made by YER 
DAO & Lr (1959) about upper air circulations 
over the northern hemisphere. 

( i )  In the situation studied in this paper, the 
break in the monsoon lasted two to three days. 
The mechanism for the break is the same even 
when it  lasts for a week or more. In such situa- 
tions, the large amplitude trough remains 
more or less quasi-stationary over north India 
with the Iranian high extending into India 
south of 30' N. An instance of this type is the 
break in the monsoon between August 19 
and 25, 1954 (RAMASWAMY, 1958). 

( j )  In sub-para (e)  above, we have stated that 
the Tibetan high at the 500 mb level is some- 
times destroyed completely by the invading 
large amplitude trough. Observations, however, 
leave no doubt, that the Tibetan high persists 
at the higher levels although in a weaker state. 
In  the southern periphery of this high are the 
easterlies increasing with height and concen- 
trating into a jet stream with its core over 
peninsular India near about 15' N. 

(k) In the normal wind-flow pattern sat 300mb 
level and aloft in August (normal chart not 
reproduced in this paper), there is a high over 
Iran and North Arabia with a ridge-line roughly 
along Lat. 27" N. There is also at these levels a 
broad region of confluence between the easter- 
lies on the southern periphery of the Iranian 
high and the easterlies over the Peninsula. 
During break-conditions, this Iranian high 
extends southeastwards as already pointed out 
in sub-paragraph (9) above. Such an extension 
of the high towards the strong current of 
easterlies over peninsular India would result in 
increased confluence and seems to be associated 
with the accentuation of the secondary maximum 
to jet intensity in the region referred to above. 

(I) Whatever may be the mechanism of the 
easterly jets we note the remarkablc obserwa- 
tional fact t h t ,  during breake, in  the Indian 
Southweat momoon, the weeterly jet intrudes into 
Indo-Pakbtun, the euaterly jet develops a eecondary 
core to the north of the main jet core, thw  resulting 
i n  two jeta of entirely different typea coming very 
neur to each other. On the other hand during 
normal monsoon conditions, the westerly jet 
moves far to the north of the Himalayas, and the 
easterly jet stream holds sway over India in the 
manner discussed by KOTESWARAM (1958,1960). 
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(m) In sub-paragraph (b) above, we have 
stated that normal monsoon conditions are 
associated with an extensive and well-marked 
Tibetan high, a more or less zonal flow to the 
north of the high, a westerly jet far to the 
north of India and absence of pronounced 
wave-patterns in the westerlies south of 40" N. 
Such a Situation should normally be associated 
with a high index circulation in the middle 
latitudes. On the other hand, we have seen in 
sub-paragraphs (c)  to (f) above that break- 
conditions in the monsoon are associated with 
large amplitude troughs protruding into India 
and with a westerly jet embedded in the 
rear of these troughs. Such a situation should 
normally be expected in low index circulation 
in middle latitudes. In order to examine this 
aspect a little further, a general examination 
was made of the mean monthly northern hemi- 
sphere circulation patterns at  700 mb level and 
aloft as published in the United Statee Weather 
Bureau Monthly Weather Review in the typical 
monsoon months July and August in the yeam 
1950-59. During this ten-year period, the 
months July 1950, July 1953, July 1956, August 
1953, August 1955 and August 1958 were 
characterised by active monsoon with well- 
distributed rainfall over India, the rainfall 
recorded in these months in the country as a 
whole being 14 % to 36 yo above normal and the 
excesses being as high as 25% in July 1956 
and 36% in August 1955. It was interesting 
to find (KLEIN, 1950; Hawmas. 1953; KLEIN 
1953; NAMIAS & DUNN, 1955; KREUOER, 1956; 
WOFFINDEN, 1958) that one or more of the 
several well-known characteristics of a high 
zonal index circulation were found in the mean 
monthly circulation in the middle latitudes over 
Asia and the neighbourhood during these 
months. The mean westerly jet during these 
months was also north of 45ON over Asia. In 
addition, in three out of the six cases (July 
1953, 14% excesa; August 1955, 36% excess; 
July 1956, 25 % excess in the monsoon rainfall) 
there was an abnormally intense and con- 
tracted polar vortex. In contrast to the above, 
July 1951, August 1951, August 1954 and July 
1955 were characterised by weak monsoon over 
India with deficiency in the rainfall over the 
country as a whole ranging from 10 % to 20 Yo. In 
the above caaes except in July 1951, the middle 
latitude conditions over Asia and neighbour- 
hood corresponded to low index circulation with 
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large amplitude troughs protruding into the 
sub-tropics (OLIVER, 1951; OLIVER, 1951; 
WINSTON, 1954; and ANDREWS, 1955). It is 
pertinent to note in this connection that on 
account of the high variability of middle latitude 
patterns, anomalies in these patterns are likely 
to be smoothened out considerably in a monthly 
mean picture. As such, it should be very 
difficult to find in these monthly mean pictures 
significant associations between middle latitude 
patterns and low latitude weather of the type 
we have actually observed in individual daily 
situations. The fact that, in spite of this, certain 
associations have been found between montly 
mean middle latitude patterns and the activity 
of the monsoon over India as a whole, does give 
support to our view that the middle latitude 
westerly circulation in general and the westerly 
jet in particular play a very important role in 
determining the activity of the monsoon over 
India. For more details about the middle 
latitude patterns in July 1953 and August 1954, 
the reader is referred to the earlier publication 
by the author (RAMASWAMY, 1958). 

(n )  As the changes discussed in the above sub- 
paragraphs are on a much larger scale and much 
more pronounced than those observed in  the lower 
troposphere (RAMASWAMY, 1958), we arrive at 
the concluaion that the dynumical processes as- 
sociated with the movement of the sub-tropical 
westerly jet into Indo-Pakistan and its dynamical 
interaction with the tropical easterly jet play a 
f u d m e n t a l  role in  the development of breaks in  
the Indian southwest morwoon. 

(0) The westerly jet stream is circumpolar 
in character and, therefore, perturbations in it 
in any part of the northern hemisphere are 
bound to influence the high level circulation 
patterns over Asia in general and India in 

particular. On the other hand, the easterly 
jets over south Asia and Africa are relatively 
local in character. Further, the wave-patterns 
in the upper troposhperic middle latitude 
westerlies are much more pronounced than those 
in the upper tropospheric low latitude easterlies. 
Consequently, the study of the circulation 
patterns in the upper tropospheric westerlies, 
although they may be more distant than those 
in the upper tropospheric easterlies is likely 
to lead to fruitful results in forecasting the still 
obscure large-scale vagaries of the Indian 
southwest monsoon. 
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