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ºÉÉ®ú - <ºÉ ¶ÉÉävÉ-{ÉjÉ ¨Éå 1987 ºÉä 1997 EòÒ +´ÉÊvÉ Eäò nùÉè®úÉxÉ =i{ÉzÉ ½Öþ<Ç ¨ÉÉxÉºÉÚxÉ EòÒ MªÉÉ®ú½þ Ê´É®ú±É 
ÎºlÉÊiÉªÉÉå EòÉ Ê´ÉºiÉÞiÉ °ü{É ºÉä Ê´É¶±Éä¹ÉhÉ Eò®úxÉä EòÉ |ÉªÉÉºÉ ÊEòªÉÉ MÉªÉÉ ½èþ* <ºÉ ¶ÉÉävÉ-{ÉjÉ ¨Éå ¨ÉÉxÉºÉÚxÉ EòÒ Ê´É®ú±É 
ÎºlÉÊiÉªÉÉå ºÉä ºÉÆ¤ÉÆrù {É½þ±Éä EòÒ {ÉÊ®úÎºlÉÊiÉªÉÉå EòÉ {ÉiÉÉ ±ÉMÉÉxÉä Eäò Ê±ÉB Ê´É®ú±É ¨ÉÉxÉºÉÚxÉ Eäò |ÉÉ®ú¨¦É ½þÉäxÉä/ ¨ÉÉxÉºÉÚxÉ Eäò 
ºÉ¨ÉÉ{iÉ ½þÉäxÉä ºÉä ºÉÆ¤ÉÆrù nèùÊxÉEò ´É¹ÉÉÇ Eäò ºÉÉ¨ÉÉxªÉ ºÉä Eò¨É +lÉ´ÉÉ +ÊvÉEò ¨ÉÉjÉÉ {É´ÉxÉ Ê´ÉºÉÆMÉÊiÉªÉÉÄ iÉlÉÉ ={ÉOÉ½þ ´ªÉÖi{ÉzÉ 
ÊxÉMÉÇ¨ÉÒ nùÒPÉÇ iÉ®ÆúMÉ Ê´ÉÊEò®úhÉ  (+Éä.B±É.+É®ú.) VÉèºÉä Ê´ÉÊ¦ÉzÉ +Ê¦É±ÉIÉhÉÉå EòÉ +vªÉªÉxÉ ÊEòªÉÉ MÉªÉÉ ½èþ* +vªÉªÉxÉ ºÉä |ÉÉ{iÉ 

½ÖþB {ÉÊ®úhÉÉ¨ÉÉå ºÉä ªÉ½þ {ÉiÉÉ SÉ±ÉÉ ½èþ ÊEò 20o =. EòÒ nùÊIÉhÉÒ +IÉÉÆ¶ÉÒªÉ {É]õ]õÒ {É®ú ´ÉÉºiÉÊ´ÉEò Ê´É®ú±É ¨ÉÉxÉºÉÚxÉ Ênù´ÉºÉ ºÉä 
5 ÊnùxÉ {É½þ±Éä ºÉÉ¨ÉÉxªÉ ºÉä Eò¨É +lÉ´ÉÉ +ÊvÉEò ¨ÉÉjÉÉ ¨Éå ½Öþ<Ç ´É¹ÉÉÇ ¨Éå =kÉ®úÉäkÉ®ú Eò¨ÉÒ (ÎºlÉ®ú +´ÉºlÉÉ ¨Éå) +É<Ç  ½èþ* 
¨ÉÉxÉºÉÚxÉ Eäò {ÉÖxÉ: +É®Æú¦É ½þÉäxÉä {É®ú ºÉÉ¨ÉÉxªÉ ºÉä Eò¨É +lÉ´ÉÉ +ÊvÉEò ¨ÉÉjÉÉ ¨Éå ½Öþ<Ç nèùÊxÉEò ´É¹ÉÉÇ Eäò ´ÉMÉÔEÞòiÉ ºÉ¨ÉªÉ ºÉä ªÉ½þ 
{ÉiÉÉ SÉ±ÉÉ ½èþ ÊEò +IÉÉÆ¶ÉÒªÉ {É]õ]õÒ 5o=. ºÉä 10o=. Eäò nùÊIÉhÉÒ UôÉä®ú {É®ú ºÉÉ¨ÉÉxªÉ ºÉä Eò¨É +lÉ´ÉÉ +ÊvÉEò ¨ÉÉjÉÉ ¨Éå ½Öþ<Ç 
´É¹ÉÉÇ ºÉ¤ÉºÉä {É½þ±Éä Ê´É®ú±É ¨ÉÉxÉºÉÚxÉ Eäò ºÉ¨ÉÉ{iÉ ½þÉäxÉä Eäò {É¶SÉÉiÉÂ nÚùºÉ®äú ÊnùxÉ ºÉä ±ÉäEò®ú +ÉMÉä iÉEò Eäò ÊnùxÉÉå ¨Éå ºÉÉ¨ÉÉxªÉ ºÉä 
+ÊvÉEò ®ú½þÒ* <ºÉ |ÉEòÉ®ú ÊxÉ¨xÉ iÉlÉÉ ¨ÉvªÉ IÉÉä¦É¨ÉÆb÷±ÉÉå ¨Éå ¦ÉÒ Ê´É®ú±É ¨ÉÉxÉºÉÚxÉ Eäò |ÉÉ®ú¨¦É ½þÉäxÉä Eäò {ÉÉÄSÉ ÊnùxÉ {É½þ±Éä IÉäjÉÒªÉ 
{É´ÉxÉ EòÒ {ÉÚ´ÉÔ IÉäjÉ EòÒ Ê´ÉºÉÆMÉÊiÉªÉÉÄ ºÉ¤ÉºÉä {É½þ±Éä nùÊIÉhÉÒ +IÉÉÆ¶É ¨Éå näùJÉÒ MÉ<Ç* <ºÉ nùÉè®úÉxÉ ÊxÉ¨xÉ iÉlÉÉ ¨ÉvªÉ IÉÉä¦É¨ÉÆb÷±ÉÉå 
EòÒ +ÊvÉEòiÉ¨É {ÉÚ´ÉÔ Ê´ÉºÉÆMÉÊiÉªÉÉÄ =kÉ®ú EòÒ +Éä®ú 20o =. iÉEò +ÉMÉä ¤ÉgøÓ* +Éä.B±É.+É®ú.Ê´ÉºÉÆMÉÊiÉ Eäò ºÉÆªÉÖHò +IÉÉÆ¶ÉÒªÉ 
={ÉIÉäjÉ Eäò oùÎ¹]õEòÉähÉ ºÉä 20o nù. ºÉä ±ÉäEò®ú 10o =. iÉEò EòÉ  Ê´ÉºiÉÞiÉ IÉäjÉ xÉÉ¨É¨ÉÉjÉ EòÒ +Éä.B±É.+É®ú.Ê´ÉºÉÆMÉÊiÉ ´ÉÉ±ÉÉ 
IÉäjÉ {ÉÉªÉÉ MÉªÉÉ ½èþ* <ºÉ IÉäjÉ EòÉä nùÊIÉhÉÒ MÉÉä±ÉÉrÇù-ºÉÆ´É½þxÉÒ IÉäjÉ (BºÉ.BSÉ.ºÉÒ.VÉäb÷.) xÉÉ¨É ÊnùªÉÉ MÉªÉÉ ½èþ* 

+Éä.B±É.+É®ú.EòÒ xÉÉ¨É¨ÉÉjÉ EòÒ Ê´ÉºÉÆMÉÊiÉ (10 Wm-2) 5o nù.ºÉä 0o =. Eäò +ÉºÉ {ÉÉºÉ Eäò IÉäjÉ ¨Éå {ÉÉ<Ç MÉ<Ç ½èþ* Ê´É®ú±É 
¨ÉÉxÉºÉÚxÉ Eäò nÚùºÉ®äú ÊnùxÉ =ºÉÒ +IÉÉÆ¶ÉÒªÉ {É]õ]õÒ {É®ú <ºÉ Ê´ÉºÉÆMÉÊiÉ ¨Éå 20 Wm-2 iÉEò EòÒ ¤ÉgøÉäiÉ®úÒ ½Öþ<Ç ½èþ* +Éä. 
B±É.+É®ú. EòÒ nèùÊxÉEò Ê´ÉºÉÆMÉÊiÉ Eäò {Éè]õxÉÇ ºÉä ªÉ½þ {ÉiÉÉ SÉ±ÉiÉÉ ½èþ ÊEò Ê´É®ú±É ¨ÉÉxÉºÉÚxÉ Eäò +É®ú¨¦É ½þÉäxÉä {É®ú ¦ÉÚ̈ ÉvªÉ´ÉiÉÔ IÉäjÉ 
Eäò +ÉºÉ-{ÉÉºÉ +Éä.B±É.+É®ú. EòÒ Ê´ÉºÉÆMÉÊiÉ ¨Éå xÉÉ¨É¨ÉÉjÉ EòÒ ¤ÉgøÉäiÉ®úÒ ½Öþ<Ç ½èþ* <ºÉ ¶ÉÉävÉ-{ÉjÉ ¨Éå ¨ÉÉxÉºÉÚxÉ Eäò |ÉÉ®ú¨¦É 
½þÉäxÉä/¨ÉÉxÉºÉÚxÉ Eäò ºÉ¨ÉÉ{iÉ ½þÉäxÉä Eäò {ÉÚ́ ÉÉÇxÉÖ̈ ÉÉxÉ ºÉÆ¤ÉÆvÉÒ {É½þ±ÉÖ+Éå {É®ú ¦ÉÒ Ê´ÉSÉÉ®ú-Ê´É¨É¶ÉÇ ÊEòªÉÉ MÉªÉÉ ½èþ*  

 
ABSTRACT.  A comprehensive analysis of eleven break monsoon situations that occurred during the period 1987 

to 1997 have been attempted in the study. The various features like daily rainfall departures, wind anomalies and the 
satellite derived Outgoing Long wave Radiation (OLR) associated with the commencement/cessation of the break 
monsoon condition are studied with a view to identifying the precursors associate the break situation. The results reveal 
that there is progressive decrease  of below normal rainfall departures 5 days prior to the actual break day in the latitude 
belts south of 20 N. During the period of the revival of the monsoon, the time section of the daily rainfall departures 
shows that the daily rainfall departure first starts becoming above normal in the southern most latitudinal belt 5 N to 
10N from the second day onwards after the cessation of the break. Similarly, the easterly anomalies in the zonal wind 
are first noticed in the southern latitude even 5 days prior to the starting of the break in the lower and middle troposphere. 
The maximum easterly anomalies in the lower and the middle troposphere move northwards upto 20° N. The composite 
latitudinal time section of OLR anomaly show a large area of negative OLR anomaly extending from 20S to 10N. The 
area is defined as the Southern. Hemispheric Convective Zone ( SHCZ). The negative OLR anomaly (10 Wm-2 is noticed 
around 5 S to 0 N. It increases to 20 Wm-2 on the second day of the break on the same latitudinal belt. The daily OLR 
anomaly pattern shows that the area of the negative OLR anomaly around the equatorial region increases with the 
approach of a break epoch. The forecasting aspects of the commencement / cessation of the break have been also 
discussed. 

 
Key words      Break monsoon situation, Outgoing long wave radiation (OLR), Southern hemispheric convective 

zone (SHCZ),  Zonal and meridional wind anomalies, Daily rainfall departures. 
 

 
1. Introduction 
 

Exhaustive summaries on breaks in the monsoon 
were presented by Ramamurthy (1969) and De et al. 

(1998).  Sadler et al. (1968) identified the meridional 
propagation of an equatorial buffer zone during the 
occurrence of breaks. They identified the presence of a 
clockwise gyre circulation around 5N during the active 
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monsoon spell prior to the occurrence of a break.        
They further demonstrated with the help of stream        
line analysis at 850 hPa, that this gyre during                  
the break, propagates northward and acquires, 
anticyclonic characteristics.  The arrival of this 
anticyclone over the latitude of the Monsoon Trough 
(MT) weakens and the MT initiates the break in the 
monsoon.  

 
Koteswaram (1950) on the other hand, associated 

'Breaks' with mid-tropospheric lows moving slowly 
westward across 10-15° N and causing the increase in 
rainfall over southern India and Sri Lanka.  

 
Pisharoty and Desai (1956), Ramaswamy (1958, 

1962, 1967) and Parthasarthy (1960) inferred that a break 
monsoon condition develops when the upper-tropospheric 
ridge, including the Tibetan high along 30 N weakens 
and a large amplitude trough or series of troughs in the 
polar westerlies or western disturbances protrude south of 
the Himalayas resulting in an increase in rainfall at the 
foothills of the Himalayas.  
 

Krishnamurti and Bhalme (1976) have considered the 
low frequency modes to be responsible for the active 
break cycle over the Indian subcontinent.  

 
De et al. (1995) observed that the major epochs of 

breaks in the Indian monsoon coincide with the active 
southern hemispheric equatorial trough (SHET) epochs. 
Vernekar and Ji (1999) have also supported the hypothesis 
that there exist an inverse relationship between the 
strength of ITCZ over the warm waters of the equatorial 
Indian Ocean and the continental ITCZ in the vicinity of 
the monsoon trough.  

 
Recent studies on the break emphasize on the 

propagation of low frequency modes and middle latitude 
interactions. There are two relevant low frequency time  
scales that seem to modulate monsoon activity (a) around 
two weeks, i.e., 10 to 20 day oscillations (Krishnamurti 
and Bhalme, 1976;  Murakami and Frydrych, 1974) and 
(b) the 30-50 day time scale (Sikka and Gadgil, 1980; 
Chowdhury et al., 1988a). 

 
In the recent decades, the geo-stationary satellite 

INSAT, provided the data from the data sparse area of the 
Indian Ocean region, including satellite derived parameter 
viz., outgoing long wave radiation (OLR).  

 
Every break has its own peculiar combination of 

antecedent factors which are unlikely be revealed by 
synoptic climatological studies. Thus an attempt has been 
made to investigate the such cases with a view         
to  identifying  the  various  features  associated   with  the  

        

During these 11 years , the years 1992 and 1997 had 
no break monsoon situation, while the years 1988, 1989 
and 1990 had two break situations in each of these years.  
These 11 break monsoon conditions cover, in all 45-break 
days, ranging from 3 to 7 days.  For the calculation of the 
daily area weighted latitudinal percentage departure, first 
the stations having the daily rainfall data as well as daily 
normal values have been  selected. The daily rainfall 
normal has been obtained from the long period average 
based on 1901-1970. The number of stations thus selected 
comes out to be 156.  Daily actual and normal rainfall data 
of 156 well distributed observatory stations covering five 
latitudinal belts viz., (i) 5-10 N; (ii) 10-15 N, (iii) 15°-
20 N, (iv) 20°-25 N and (v) 25°-30 N, for the period of 
nearly 15 days for each break monsoon condition are 
used. Out of these 15 days, 5 days, are prior to the starting 
of the actual break situation and 5 days are after the 
cessation of the break, while the remaining days are the 
actual duration of the break epoch. The areas of the 
meteorological sub-divisions, which fall roughly in the 
particular latitude belt, have been considered for the 
calculation  of  the  daily  area weighted latitudinal rainfall  

TABLE 1 
 

Break situation from 1987-1997 
 

Year Period 

1987 28 July – 1 August 

1988 5-8 July, 13-15 August 

1989 10-12 July, 29-31 July 

1990 8-10 July, 27-31 July 

1991 3-9 September 

1993 19-21 July 

1995 12-15 August 

1996 1-5 July 

Total break situation – 11 
Total number of break days - 45 

 
commencement/cessation of the break monsoon condition. 
Important precursors arising out of the study are discussed 
vis-a-vis the role in foreshadowing the, commencement/ 
cessation of the break monsoon situations. 
 

2.  Data 
 

11 break monsoon situations that occurred during the 
period  1987  to  1997  have  been considered in the study. 
These break situations were identified by De et al. (1998) 
and are presented in Table 1. The breaks which lasted only 
for one or two days were not taken into account. The 
breaks which commenced, after the date of advance of the 
summer monsoon over the entire country and before the 
date when the withdrawal of the monsoon started, only 
were taken. 
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Fig. 1.  Composite daily (%) departure of area weighted rainfall 
‘0’ date corresponds to starting of break, while ‘–5’ 
indicates 5 days prior to break & ‘+5’ indicates 5 days 
after the break 

 
departure. It may be noted that the daily rainfall departure 
composite as been prepared from the daily rainfall 
departure which vitiates the temporal variation of the daily 
rainfall. 

 
The daily upper wind data of 850 hPa, 500 hPa and 

200 hPa levels of the available radiosonde stations for the 

same period of each break case were used. The daily zonal 
and meridional wind anomalies were calculated using “10-
days averages of upper wind” (IMD, 1998). 

 
The daily satellite derived OLR values in 2.5  2.5 

Lat./Long. box in the area of 40 E to 100 E and 35 N to 
25 S for the same period for each break case have been 
used. The daily OLR values are then converted into daily 
OLR anomaly by subtracting 5 years mean value from the 
daily OLR values of each square grid. The 5 years mean 
OLR values were based on the period 1987 to 1991. These 
OLR anomalies were then analyzed in order to locate the 
area of maximum convection. The latitudinal time-section 
of the composite OLR anomaly was then prepared.  
 
3. Results and discussion  
 

3.1.  Daily rainfall pattern   
 

To examine the effect of the breaks on the daily 
rainfall departures at various latitudinal belts, the 
composite time section of five latitudinal belts were 
prepared and presented in Fig. 1. '0' on the time scale 
represents the starting of the break, while '-4' indicates 
four days prior to the commencement of the break and     
'+4 ' indicates four days after the cessation of the break.   
Only '4' means the fifth day of the break. The time section 
of the area weighted daily rainfall departures shows that 
out of 15 days period, the daily rainfall departures are 
above normal on most of the days in the northern 
latitudinal belt 25° to 30 N, while they are below normal 
in other four latitudinal belts. The maximum positive daily 
rainfall departure (92%) is seen on the second and fifth 
day of the break in the latitudinal belt 25° to 30 N, while 
the maximum negative departure (78%) is noticed on the 
fourth day of the break in the latitude belt 15° to 20 N. 
Thus the time section of the various latitudinal belts 
confirms that, during the break, the rainfall almost ceases 
over most parts of the country. Heavy falls only occur in 
and near the Himalayas. In the south, Tamil Nadu and 
Rayalaseema also get more rains during break. This is also 
supported by the time section of the latitudinal belt 5 to 
10N. The positive daily rainfall departure (32%) is seen 
on the second day of the break for this latitude belt.  
 

The time section of the daily rainfall departures also 
reveals that there is a progressive persistence of negative 
rainfall departures starting from 5 days before, the break, 
in the latitude belts between the equator and 20 N. The 
daily rate of decrease of rainfall is seen is to be most 
pronounced in the latitude 10° to 20 N. These negative 
departures lie between 30% and –50% on the second and 
third day prior to break.  A reverse pattern is seen in the 
latitude belt 25° to 30° N. In this belt, instead of negative 
rainfall  departure,   the  positive  rainfall   departures  are, 
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Figs. 2(a-c).  Composite latitudinal time section of zonal wind anomaly. Shaded portion indicates 
easterly.  ‘0’ date corresponds to starting of break, while ‘– 5’ indicates 5 days prior to 
break & ‘+5’ indicates 5 days after  the break 

 
observed to increase even from third day before the break. 
Just one day prior to break, the daily rainfall departure is 
noticed to increase from 15% on (2) day to 55% on (1) 
day. 

 
Further, the time section shows that during the revival 

period  of  the monsoon or after the cessation of the break, 
the daily rainfall departures start returning to 
normal/above normal in the southern most latitudinal belt 
5 to 10 N. This starts from the second day after the 
cessation of the break. The northward propagation of the 
above normal rainfall departure with a speed of 5 latitude 
1 day is noticed up to 20 N. This  northward propagation 
may be attributed to low frequency mode 30-60 day in 
monsoon rainfall observed by authors, Sikka and Gadgil 
(1980), Alexander et al. (1978) and Chowdhury et al. 
(1988b). 
 

The effect of the break persists even after five days of 
the cessation of the break  in the latitudinal belt 20° to   
25° N, which lies in the central part of the country, while 
in the northern latitudinal belt i.e., 25° to 30 N, instead of 
above normal rainfall departures, below normal rainfall 
departures are noticed from the third day onwards after the 
cessation of the break. This shows that in the central part 
of the country negative rainfall departures continue for 
longer time than in any other latitude belts; or in other 
words, the revival of the monsoon takes longer time than 
that of the starting of the break condition in the central 
India. 
 

3.2. Wind anomaly: zonal and meridional  
 
The composite latitudinal time section of the zonal 

wind anomalies for the levels 850 hPa, 500 hPa and      

200 hPa, are presented in Figs. 2(a-c) respectively, while, 
the composite latitudinal time section of maximum 
easterly and westerly anomalies for the same levels are 
depicted in  Figs. 3(a-c).  Like rainfall pattern, zonal wind 
anomalies in the lower troposphere also show contrasting 
wind anomalies between the southern and the northern 
latitudinal belt. Easterly anomalies prevail south of 20 N, 
while westerly anomalies are seen ;north of 20 N. As the 
monsoon flow is mainly zonal, with weak meridional 
component, the above pattern confirms that an anomalous 
anticyclone exists around 20N in the lower troposphere 
during the break [Fig. 2 (a)]. According to Alexander      
et al. (1978), the break monsoon is characterized by an 
anomalous anticyclonic low level circulation centered 
slightly south of 20 N. This anomalous anticyclone shifts 
southwards in the middle troposphere and is found to be 
more intense at 500 hPa level [Fig.2 (b)]. 
 

The presence of the easterly anomalies in the lower 
troposphere is seen first in the lower latitudes even five 
days prior to the starting of the break. Easterly anomalies 
move towards the north with a time lag of two to three 
days up to 20 N [Fig. 2 (a)]. Similarly, the maximum 
easterly anomaly which normally lies between 5° to 10 N 
moves to the northern latitude and lies between 10° and 
15° N on the third day of the break [Fig. 3 (a)].  On the 
fifth day after the cessation of the break, the maximum 
westerly anomaly is noticed in the latitudinal belt 5 to 
10 N both in the lower and the middle troposphere. The 
maximum westerly anomaly is observed in the latitudinal 
belt 15° to 20° N on the four day prior to the actual break 
day, while it is confined mostly in the latitudinal belt 20 
to 25° N one to three days prior to the actual break in the 
lower troposphere. It then moves to the northern latitude 
till  the  4 day after the cessation of the break. While in the  
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Figs. 3(a-c).  Composite latitudinal time section of 
maximum zonal westerly and easterly anomaly. 
‘0’ date corresponds to starting of break, while 
‘5’ indicates 5 days prior to break and ‘+5’ 
indicates 5 days after the break 

 
middle troposphere this maximum westerly is found to be 
at a latitude as south as 15° to 20° N during 3 to 4 days 
prior to the break and then moves to the north [Fig.3 (b)]. 

  
The maximum easterly anomaly (6 m/s) is noticed in 

the latitudinal belt 5° to 10 N a day prior to the break day 
at  850  hPa  level,  while  at 500 hPa level, this maximum 
easterly anomaly (6 m/s) is also observed a day prior to 

the break but it continues till the fourth day of the break. 
Similarly the maximum westerly anomaly (6m/s) is seen 
in the latitudinal belt 20 to 25 N at both these levels. 
The maximum easterly and westerly anomaly occur 
simultaneously in the lower troposphere, but there is a 
time lag of 2 days in the middle troposphere, easterly 
being ahead of westerly. It is of interest to note that, 
unlike rainfall, during the revival phase of the monsoon, 
the westerly anomalies in the northern latitudes are first 
replaced in the middle troposphere by easterly anomaly 
from third day of the cessation of the break [Fig.2 (b)]. 
 

In upper troposphere, it is well known that the zonal 
normal wind is easterly and it gains a jet speed called 
easterly jet with a core around 150 hPa level along the 
13N. The latitudinal time section of the zonal anomalies 
at 200 hPa level  [Fig. 2 (c)] shows that the speed of this 
easterly wind decreases prior to the starting of the break. 
The decrease in speed of the easterly at 200 hPa level 
occurs simultaneously upto the latitude 25 N, 5 to 3 days 
prior to the break. This may be seen by the presence of 
westerly anomalies in the latitude 5 to 25 N, during this 
period [Fig.2 (c)]. It can be seen [Fig. 3 (c)] that the 
maximum westerly anomaly lies between 10 and 25 N 
during 5 to 2 day prior to the commencement of the break, 
which supports the observed weakening of easterlies at 
200 hPa. 
 

The most striking feature during the break is the 
presence of 4 to 6 m/sec  westerly anomalies in the latitude 
belt 20° to 25° N [Figs. 2(c) & 3(c)]. One of the reasons 
for this is the extension of the mid latitude westerlies over 
Indian region causing the break monsoon situation 
(Pisharoty and Desai, 1956; Ramaswamy, 1962 and 
Parthasarthy, 1960). This is further supported by the 
composite latitudinal time section of the meridional 
anomalies at 200 hPa level. The northerly anomalies are 
observed to the north of 20°N even 3 days prior to the 
break day in the upper troposphere [Fig. 4 (c)]. The 
presence of these northerly anomalies are also noticed at 
500 hPa level during the break period [Fig. 4 (b)]. In the 
lower troposphere, the southerly anomalies are observed 
in the latitude belt 10° to 15° N, 3 days prior to the break        
[Fig. 4 (a)]. These southerly anomalies persist through out 
the break period. The strong northerly anomalies can also 
been seen in the lower troposphere in the latitude 5° to  
20° N during 5 to 3 days prior to the break. 
 

Prior to break situation, in the lower latitude i.e., up to 
20 N, easterly anomalies are found to increase at a rate of 
1.5 m/sec/day and 2.5m/sec/day in the lower and the 
middle troposphere respectively. Similarly, in the northern 
latitude i.e., north of 20 N, the increase in the westerly is 
found to be at a rate 1.7m/sec/day and 2.7 m/sec/day in the 
lower  and  middle  troposphere  respectively. In the upper  
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Figs. 4(a-c). Composite latitudinal time section of meridional wind anomaly shaded portion indicate 
normally. ‘0’ date corresponds to starting of break, while ‘-5’ indicates 5 days prior to 
break and ‘+5’ indicates 5 days after the break 
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 troposphere, the easterly anomaly is becoming westerly in 

the latitude belt 5° to 10 N, at a faster rate 3.7m/sec/day, 
while, the increase in westerly in the upper troposphere at 
25 to 30 N latitude belt the rate is 3.6 m/sec/day. 

 

  
The composite vertical time section is shown in     

Fig. 5.  It  can be seen, that in the southern most belt (5 to 
10 N), there is a clear cut descent of easterly anomaly 
from 200 hPa to 850 hPa level prior to the starting of the 
actual break situation. This descent can also been seen in 
the next latitudinal belt (10 to 15 N) but less marked. 
The most striking feature is that the descent starts even 3 
days prior to the actual break day. Thus, this descent of 
the easterly anomaly strengthens the oceanic ITCZ (Sikka 
and Gadgil, 1980) or strengthen the SHET (De et al., 
1995). To the north of 20 N, instead of  descent, there is 
an ascent in the easterly from the middle troposphere to 
upper troposphere during 5 to 1 day prior to the actual 
break day. Similarly, westerly anomaly is found to ascend 
from lower troposphere to the upper troposphere during 
the break period. In the latitude belt 15 to 20 N, also 
there is an ascent in the easterly anomaly. 
 

3.3. OLR anomaly 
 

The composite latitudinal-time section of OLR 
anomaly pattern is depicted in Fig. 6(a).  The latitudinal 
OLR anomaly value is averaged one between 59 E and 
99 E. A large area of negative OLR anomaly, which 
corresponds to the area of convective activity, is noticed 
around the equatorial region [Fig. 6 (a)]. The area extends 
from 20 S to nearly 10N and may be termed as the 
southern hemispheric convective zone (SHCZ). It supports 
the earlier findings of De et al. (1995). They have shown 
that there is an inverse relationship between the southern 
hemispheric   equatorial   trough   (SHET)   clouding   and  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Fig. 5.  Composite level wise zonal wind anomaly (m/s). 

shaded area indicates easterly anomaly ‘0’ date 
corresponds to starting of break, while ‘5’ indicates 
5 days prior to break and ‘+5’ indicates 5 days after 
the break 

 
rainfall in the central parts of the country .If we take the 
period of active SHET from De et al. (1995) and examine 
its relationship with the actual break epochs that occurred 
during  the  period  1987-91, it can be noticed that on 63%  
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Figs. 6(a-c). Composite latitudinal time section of OLR anomaly (W/m2). Shaded portion indicate –ve 
OLR anomaly. ‘0’ date corresponds to starting of break, while ‘5’ indicates 5 days prior 
to break and ‘+5’ indicates 5 days after the break 

 

of the occasions break occurs during the period of active 
SHET. This further supports the view that there is a 
relationship between the break and SHCZ.  
 

The maximum negative OLR anomaly (20 W/m2) is 
observed on the second day of the break situation and is 
located at 2.5 S. The northern hemisphere is seen to be an 
area of positive OLR anomaly  indicating no/less 
convective activity. The maximum positive OLR anomaly 
(15 W/m2) is observed just one day before the actual date 
of the starting of the break condition. It lies around the 
latitude 15N. This positive OLR anomaly over Indian 
region can be explained with the help of observed rainfall 
distribution during the break condition. It is well known 
that break occurs when the monsoon trough shifts to the 
foothills of the Himalayas. This means that thermally 
forced meridional circulation has an ascending branch 
near the foothills of the Himalayas while most parts of 
India are under the descending branch of this thermally 
forced meridional  circulations and hence no cloud and no 
convective activity over central India. 

 
Figs. 6 (b&c ) show the latitudinal time section of the 

composite OLR anomaly pattern for (a) the western half 
(59 E to 75 E) and (b) the eastern half (76 E to 99 E) 
respectively. Though two OLR anomaly patterns are 
similar in respect of negative OLR anomaly extending 
from 20 S to 10 N i.e., in respect of SHCZ, there are 
differences between the two. They are (i) eastern half 
shows the higher negative OLR anomaly values than those 
of the western half during all the days prior to the break 
and also later on. The maximum negative OLR anomaly 
(20 W/m2) is seen on the third day of the break in the 
eastern half, while the maximum negative OLR anomaly 
(10 W/m2) is noticed in the western half. This indicates 
that SHCZ is more intense in the eastern half than that in 
the western half. (ii) In the western half, the positive OLR 

anomaly is noticed between latitude 10 N to 30° N during 
the period '0' date to '+4' date indicating the cessation of 
rain in this half of the country. While, in the case of the 
eastern half, the positive OLR anomaly only lies between 
latitude 10 N and 20°N. The negative OLR anomaly       
(5 W/m2) is observed between 20°N and 30 N during the 
period '2' day to third day of the break, indicating 
convective activity in the area. This indicates an 
increasing rainfall activity at the foothills of the eastern 
half of the Himalayas and supports the view of Rao 
(1979). According to him, the Himalayas to the east of 85° 
E are susceptible to much heavier falls than to the west. 
 

After the cessation of the "Break" the negative OLR 
anomalies are observed between the latitude 10 S to    
10 N in both eastern and western halves. The revival 
seems to start first from the eastern half  [Fig. 6(c)]. Pant 
(1980) and Sikka and Gadgil (1980) have also noticed 
northward propagation of MCZ after a break. The 
northward propagation of SHCZ can also be seen during 
the     revival period both over western and eastern halves, 
but  the propagation is more pronounced in the eastern 
half  [Fig. 6(c)]. 

 
4. Forecasting aspects 

 
The several meteorological conditions associated with 

break monsoon condition have been discussed in the 
earlier section. The authors are of the view that OLR data, 
being available for both land and sea provide a better tool, 
to be used as precursor of the commencement of the break 
monsoon condition. As an illustration, the OLR anomaly 
pattern of 5 consecutive days  (22 to 26 July 1990) just 
prior to the break situation (27 to 31 July 1990) are 
presented in Fig. 7, while, the daily OLR anomaly during 
the actual break condition are presented in Fig. 8.         
The  OLR  anomaly  pattern clearly shows that the area of  
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Fig. 7.  The daily OLR anomaly (W/m2) pattern prior to break situation (shaded 
portion indicates –ve OLR anomaly) 

 

 
SHCZ increases with the approach of the actual break day. 
This increase in SHCZ area over the equatorial region can 
be used as a pre-cursor of the commencement of the 
break. 

 
The time section of the area weighted rainfall 

departures in the latitude belts south of  20 N also give an 
indication of the starting of the break even 5 days prior to 
the actual break day.  The zonal wind anomalies also show 
the presence of the easterlies in the lower and middle 
troposphere over the southern latitude 5 days prior to the 
break condition, while in the upper troposphere, the 
westerly anomalies are noticed in the latitude 5 to 25 N 
during this period. The meridional wind anomalies show 
the presence of the southerly around 17.5 N in the lower 

troposphere, while in the upper troposphere the northerly 
anomaly appears north of 20° N, 3 day prior to the break. 
At the time of forecasting the commencement of the actual 
break day, the simultaneous occurrences of all these 
features could be taken into account. Thus the present 
study is highly useful in forecasting the commencement of 
the break monsoon situation. 
 

5.  Conclusions 
 

The following conclusions may be drawn from the 
study: 
 

(i)  The time section of the area weighted daily rainfall 
departures show below (above) normal rainfall south 
(north) of 25°N. The maximum positive daily rainfall
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Fig. 8. The daily OLR anomaly (W/m2) pattern during break situation (shaded portion indicates –ve OLR anomaly) 

 
 
departure (92%) is observed on the second and fifth day of 
the break in the latitude belt 25° to 30° N, whereas, the 
maximum negative departure  (78%) is observed on the 
fourth day of the break in the latitude belt 15° to 20 N. 
 
(ii)  The progressive development of negative rainfall 
departures start from the southern most latitude upto 20-
25° N, even 5 days prior to the break. Similarly, during 
the revival phase of the monsoon, the daily rainfall 
departures became positive in the southernmost latitude 
and slowly move towards north upto 20° N. The effect of 

the break persists even five days after the cessation in 
latitudinal belt 20 to 25° N. 
 
(iii)  An anomalous anticyclone exists around 20 N in the 
lower troposphere while in the middle troposphere it 
found to be more intense and is shifted southward during 
the break. In the upper troposphere the strong westerly 
anomalies are observed around the latitude 22.5 N. 
 
(iv) The easterly anomalies in the lower and middle 
troposphere are seen first in the lower latitudes even five 
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days prior to the commencement of the break. They move 
northward with active lag of one or two days up to 20 N 
in the lower troposphere. Unlike rainfall departures, 
during the revival phase of the monsoon, the westerly 
anomalies in the northern latitudes are replaced by 
easterly anomaly from the third day after cessation of the 
break. 
 
(v)  The latitudinal OLR anomaly shows a large area of 
negative OLR anomaly, which corresponds to the area of 
convective activity around the equatorial region. The 
maximum negative OLR anomaly (20W/m2) is noticed on 
the second day of the break situation and is located at   
2.5 S. 
 
(vi)  The latitudinal OLR anomaly in the eastern half (76° 
to 99 E) shows higher negative OLR anomaly than those 
of the western half during all the days prior to the break 
and later on. During the revival phase of the monsoon, the 
northward propagation of SHCZ are seen both over 
western and eastern halves, but the propagation is more 
pronounced in the eastern half. 
 
(vii) Daily OLR anomaly pattern of 5 consecutive days 
prior to the break situation shows that the area of SHCZ 
increases with the approach of the actual break day. This 
increase in area of SHCZ along with time situation of the 
area weighted rainfall departures in the latitude belt south 
of 20 N and zonal wind anomalies in the lower and 
middle troposphere of the same region should be used as 
precursors for forecasting the commencement of the actual 
date of break. 
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