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ON SOME CHARACTERISTICS OF ONSET OF SW 
MONSOON OVER INDIA AND THE ASSOCIATED 
RAINFALL FEATURES 
 

1.  The monsoon normally advances over Kerala 
and northwestern parts of India by 1st June and middle of 
July respectively. There is however a large variability in 
the year to year onset dates over the two areas. An attempt 
has been made to find presence of trend in the date of the 
two onsets. For this, Indian Summer Monsoon Rainfall 
(ISMR) data of 51 years (1951-2001) and onset dates over 
Kerala and west Rajasthan have been used. The data was 
subjected to trend analysis and also the same was 
correlated to ISMR. The total duration of days in “breaks” 
during the monsoon is worked out and also effect of El 
Nino on the onset and ISMR are studied. 
 

The delay in the onset over west Rajasthan and the 
interval between the onsets over Kerala and west 
Rajasthan affect the ISMR over the country. No 
significant trend in arrival of monsoon could be 
conspicuously noticed. El Nino does not exert significant 
influence over onset of monsoon over Kerala. 
 

2.  Every year the onset of south west monsoon 
over Kerala is watched by the meteorologists, farmers and 
the administrators with great awe and anxiety. This is 
because agriculture is the main occupation of a vast 
majority of our population. Lack of adequate irrigation 
facilities increases the dependence of farming on the 
monsoon rains. 

 
The monsoon normally advances over the southern 

tip of the country i.e., Kerala by the 1st June. However, the 
extreme northwestern parts of India receive monsoon rains 
last, by about middle of July. After advance over Kerala, 
its onward march over the Peninsula, the Indo-Gangetic 
plains and the northwest India is intimately linked with 
development of synoptic systems. Because of this, in 
many years, it has been found that it gets stagnated after 
covering some areas. In 1982 and recently 2002 the 
monsoon, though arriving in time over Kerala, could reach 
northwest India as late as on 22nd July and on 15th  
August respectively. 

 
People at large are interested to know whether the 

monsoon rainfall in their areas will be normal if the 
advance over Kerala is normal, or if it advances 
abnormally late, the prospects of the rains being normal or 
deficient. There is also a widespread perception that 
climatic change is taking place in many parts of the globe 
which is reflected in the recently observed abnormal 
behavior of the monsoon. 

In the present work, the authors have examined any 
shift in the onset dates over Kerala and the northwest 
India i.e., west Rajasthan. An attempt has also been made 
to relate the onset over the two regions (Kerala and west 
Rajasthan) and the intervening period between these two 
onsets bears any relationship with Indian Summer 
Monsoon Rainfall (ISMR). Number of days of "breaks" in 
monsoon has also been studied vis-a-vis ISMR. 
 

3.  For the present study, data of 51 years (1951-
2001), pertaining to ISMR and dates of onset over Kerala 
and west Rajasthan has been used. From the onset dates 
over Kerala and west Rajasthan, the interval between 
these two were computed. These dates and the mean 
Indian Summer Monsoon Rainfall (ISMR) and dates of 
“breaks” in monsoon were collected from the records of 
India Meteorological Department, Pune. 

 
First an attempt was made to examine presence of 

trend in the dates of onsets. For this purpose, the base for 
counting was taken as 15th May for Kerala and 20th June 
over west Rajasthan. Thus, 16 May, 17 May were then 
sequentially assigned dummy values of 1, 2 in case of 
Kerala. Similar values were assigned in case of west 
Rajasthan in which base for calculating the dummy 
variables are taken as 20th June. Thus, the date of onset 
for each year for each of the two areas has a numerical 
value. These and the “interval” between the two onsets 
i.e., over Kerala and west Rajasthan each year are 
subjected to trend analysis. Correlations were also worked 
out separately between the onset dates and the time 
"interval" with ISMR and the results discussed. 
 

“Breaks” in monsoon are intimately connected with 
ISMR. A large number of “breaks” particularly of longer 
duration is well recognized as major cause of deficient 
ISMR. In the present paper, the numbers of “breaks” and 
their duration have been separately correlated with ISMR 
and the results discussed. 

 
4.  The South Asian branch of northern 

hemispheric summer monsoon strikes southern tip of India 
i.e., over Kerala around 1st June. There is however lack of 
consistency in its arrival in different years. Favorable 
wind flow pattern in May results in early monsoon, with 
its prolonged absence delays it, sometimes abnormally. 
 

The maximum delay in the onset over Kerala was 
seen on 18th June in 1972 while the earliest was on 16 
May in 1969. The onset dates in the period under study 
fluctuated widely between these two dates. These 
variations present frequency of the dates of onset in 5 day 
interval from 16th May to 20th June for the 51 years period 
[Fig. 1 (a)]. The largest frequency of 18 (or 35% of cases) 
belonged  to  the  interval  31st  May - 5th June. In a similar  
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Figs. 1(a&b). Frequency of onset dates (1951-2001), (a) Kerala and (b) west Rajasthan 
 
 
study, Ananthakrishnan et al. (1983) has also found 
largest frequency of 20 or 39% of cases in the 5 days 
interval to 31st May to 4th June. In our study, in 22 years 
(or 42 % of occasions), the onset over Kerala occurred 
before 31st May and in 11 years (or 21 % of occasions) 
after 5th June. The mean date of onset over Kerala worked 
out from the data was 31st May with a standard deviation 
of nearly 7 days. Apparently chances of advance of 
monsoon over Kerala before 5th June are very high; 
occurrence subsequent to 5th June may just be an 
aberration. 
 

After onset over Kerala, the monsoon travels 
northwards gradually. The last area to be reached by the 
southwest monsoon is west Rajasthan where normally it 
arrives around 15th July. As in case of Kerala and other 
parts of India, the dates of onset over west Rajasthan also 
varies from year to year. 

 
 
The maximum delay in onset over west Rajasthan in 

this study was seen on 27th July in 1987 and the earliest 
onset occurred on 21st June in 1961. The onset dates in 
case of west Rajasthan also fluctuated between these two 
dates as seen in Fig. 1(b) which presents frequency of the 
dates of onset in 5 day interval from 20th June to 30th July. 
The largest frequency of 13 years i.e., nearly a quarter of 

the years belonged to the interval 1st July - 5th July. In 12 
years (or 23% of cases), the onset occurred before 1st July 
and in 27 years (or 53% cases), after 5th July. Thus more 
than half of the years considered, the onset over west 
Rajasthan occurred after 5th July. The mean date of onset 
worked out was 7th July. 
 

An attempt was also made to find out simultaneous 
occurrence of early/delayed onset of monsoon over Kerala 
and west Rajasthan as also associated ISMR. For this 
purpose, the standard deviation (σ) obtained in the study 
for these two cases viz., 7 & 8 days respectively were 
used. Early onset is defined as the date when onset of 
monsoon is on date which is 1 σ earlier to the mean date. 
Similarly late onset is that when it occurs later than 1 σ. 
The statistics on the following combinations were worked 
out: 
 
(i)  Early onset over both Kerala and west Rajasthan 
 
(ii)  Delayed onset over both Kerala and west Rajasthan 
 
(iii)  Early onset over Kerala and delayed over west 

Rajasthan and  
 
(iv) Delayed onset over Kerala and early over west 

Rajasthan 
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Figs. 2(a-c).  Yearly variation of dates of onset over (a) Kerala, (b) West Rajasthan, (c) Yearly 
variation (days) of interval between onset over Kerala & West Rajasthan 
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Surprisingly, no cases were observed in (b) and (c) 
categories while only 3 cases of (d) were obtained. More 
surprising fact is that ISMR in these 3 cases of delayed 
onset over Kerala and early onset over west Rajasthan 
[category (d)] and 8 cases of early onset over both regions 
[category (a)] was 107% of long period normal it may be 
inferred that the ISMR is above normal; when the 
monsoon over west Rajasthan is early, irrespective of 
whether onset over Kerala is early or delayed. In the two 
cases of simultaneous occurrence in the two regions, other 
types of onset viz., delayed one over west Rajasthan and 
early/delay over Kerala, there are chances that ISMR 
could be normal. 
 
 

We have seen above that the onset fluctuates widely 
from year to year e.g., it arrived over Kerala in 1969 as 
early as on 16th  May while its onset was as late as on 18th  
June in 1972. Fig. 2(a) shows the time series of year to 
year fluctuations in the date of its arrival. The variations 
were smoothened by fitting 5 years moving average and 
also shown in the figure. 

 
 
It may be seen that in last 25 to 30 years, in general, 

the monsoon has been arriving over Kerala later than its 
normal date except between 1986 to 1993 when it arrived 
2 to 3 days earlier. The figure suggests that between 1977 
to 2000 the onset has been delayed by atleast three days. 
From Fig. 2(a), an absence of large trend, during entire 
period under consideration, perhaps can be inferred. 

 
As seen earlier the standard deviation (σ) of the date 

of onset over Kerala was 7 days. The coefficient of 
variation of 42 % of onset over Kerala was significantly 
large and brings out its high uncertainty over Kerala. 

 
 
Like the onset over Kerala the monsoon also shows 

variation in its arrival over west Rajasthan. The coefficient 
of variation (CV) of 45% of the onset over west Rajasthan 
compares well with that over Kerala. This high CV bring 
to the fore the precarious nature of advance of monsoon 
over India. However, one feature which distinguishes it 
from the former is that the fluctuations in dates of onset 
are much than that over Kerala [Fig. 2(b)]. The earliest 
onset that has occurred was on 21st June in  1961 whereas 
in 1987, it was late by 12 days from its IMD normal of 
15th July and by over 3 weeks from the mean date we have 
worked out in this study. Another similarity between the 
two onsets is that in 1978 to 1990, the monsoon has been 
generally arriving late as can be inferred from the 5 year 
moving average particularly between 1978-84 [Fig. 2(b)]. 
The figure also confirms that there exist no marked trends 
in the arrival of monsoon over west Rajasthan. 

We have mentioned above that even if the onset over 
Kerala is early, its arrival over west Rajasthan often gets 
delayed in the absence of favorable synoptic situations, 
which are responsible for progress of monsoon. 
 

Unmistakable rising trend on dates of onset over 
Kerala and west Rajasthan has been found above. 
Naturally one expects that the time interval between these 
two onsets should also show a positive tendency. A glance 
in Fig. 2(c) confirms this conclusion. The smoothened 
curve seems to follow that for the west Rajasthan, 
particularly the period after 1980 or so. 
 

Though, the normal interval between the two arrivals 
is about 38 days, delay as large as 60 days has been 
observed. It is also seen that in recent years, say after 
1993, there is a tendency for the duration to be less than 
normal, although between 1980 till 1993, they were 
significantly above normal. The increase in the time 
interval is also seen when a linear regression is fitted 
between the years and the duration, though the slope is not 
large. Increase in the time interval between monsoon onset 
at Kerala and west Rajasthan is also confirmed when it 
was subjected to Spearman Rank test. The statistics 
obtained is found significant at the mandatory 5 % level. 
 

Number of “breaks” in monsoon has always been a 
cause of concern in India. A large number of “breaks” 
with longer duration leads to deficient rainfall for the 
country except Tamil Nadu and foothills of Himalayas. 
The rainfall departure during the breaks has been worked 
out by Ramamurthy (1969) who found except the foot- 
hills, northeast India, Tamil Nadu and adjoining areas, the 
rainfall departure was generally negative. Values of –60% 
of normal are often seen over northwest India and parts of 
central Peninsula in association with “breaks”. 
 

In the present study, 2 to 3 “breaks” in each year was 
the characteristic feature observed. As such, the total 
duration (in days) of “breaks”, during the monsoon period 
was worked out. On an average such days could be about 
7 days and they vary within narrow limits. However, no 
unambiguous time trend was seen in the data. A maximum 
duration of 27 days of “breaks” is observed in 1979, 
followed by 24 days in 1972 and 15 days each in 1965 and 
1966. Needless to emphasize, all these years have been 
well documented drought years in India. Thus a large 
number of days of “break” invariably leads to deficient 
monsoon rain over the country and hence drought. 
 

The rainfall during summer monsoon depends on 
many factors, chief among them being synoptic situations. 
The synoptic situations directly or indirectly influence 
each of the factors mentioned above. As such, it may be 
worthwhile to find out the extent to which the ISMR (Y) 
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is dependent on these factors. With this aim in view, linear 
correlations are worked out between the ISMR and those 
factors. The correlations are given below. The correlations 
were low and insignificant in most of the cases except the 
following: 
 
 
(i)  ISMR and onset date over west Rajasthan  
 (X1) – (-0.54) 
 
 
(ii)  ISMR and duration of breaks (X2) – (-0.39) 
 
 
(iii)  ISMR and the time interval between the onset over 

the two areas (X3) – (-0.31) 
  
 

The first two correlations are significant at 1 % level 
of significance while the third one at 5 % level. 
 
 

Unfortunately, in spite of significant correlation, the 
factor X2 has little forecasting value. This is because the 
number of ‘breaks’ is known only after the monsoon 
season is over. Moreover, the contribution of this factor to 
the total variance in the multiple regressions was 
negligibly low. In view of these, this factor was ultimately 
deleted in the analysis. 
 
 

It is thus clear that a delay in onset over west 
Rajasthan definitely affects the ISMR over the country. 
The more the delay, lesser is the ISMR. Similarly, if the 
duration of the “breaks” is large, the rainfall is likely to be 
less. 
 
 

This paper also examines the efficacy of the above 
three parameters in forecasting ISMR through (i) and (iii). 
  
 

The equation obtained was: 
 
Y = 149.4 – 1.061 X1 – 0.799 X3 
 
The Multiple Correlation Coefficient (MCC) was 

0.68 while the F value obtained was significant at 1 % 
level of significance. The equation was tested on 5 years 
data (1997 - 2001). In three cases the estimates were 
within ± 10% of the actual rainfall and in 2 cases within          
± 20 %. 
 

That the EI Nino effects rainfall over different parts 
of globe, is now well recognised fact (Ropalewaski and 

Halpert, 1987; Sinha Ray and Shewale, 2001; Shewale         
et al., 2004; etc.). Not much information seems to be 
available whether it also affects onsets of monsoon over 
different parts of India. This aspect has been examined in 
this study for the two areas i.e., Kerala and west 
Rajasthan. During the period under consideration, 7 cases 
of EI Nino episodes were observed viz., 1965, 1972, 1976, 
1982, 1987, 1991 and 1997. Out of these cases, in 6 cases, 
the onset over Kerala occurred within ±σ where σ was 
standard deviation, i.e., 7 days. Only in 1972, the 
monsoon onset over Kerala was abnormally delayed by 
more than 2 σ. Thus it appears that EI Nino does not exert 
significant influence over onset of monsoon over Kerala. 
 
 

An altogether different picture emerged when 
association of EI Nino with onset over west Rajasthan is 
sought. Surprisingly, the onset was within the normal 
expectable limits in 1972. In the rest of the 6 cases, the 
onset over west Rajasthan was delayed, sometimes even 
more than 2 σ, σ in this case being 8 days. 
 
 

Thus, it may be inferred that onset over west 
Rajasthan could be delayed, sometimes inordinately, when 
equatorial eastern Pacific was warm. 
 
 

The following conclusions can be drawn from the 
study: 
 
(i)  The delay in the onset over west Rajasthan and the 

interval between the onsets over Kerala and west 
Rajasthan affect the ISMR over the country. 

 
 
(ii)  There is a distinct trend for the monsoon onsets over 

the two regions to get delayed in recent years. 
 
 
(iii)  In a good number of occasions when the onset over 

Kerala is early, the same over west Rajasthan too is 
simultaneously early. 

 
 
(iv)  El Nino does not exert significant influence over 

onset of monsoon over Kerala. 
 
(v)  During El Nino years, the onset of monsoon over 

west Rajasthan could be delayed by more than 7 
days. 

 
 
(vi)  The ISMR is generally above normal when onset of 

monsoon over west Rajasthan is early. 
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FOG AT MAITRI, EAST ANTARCTICA 
 
 1. Fog-a mass of minute droplets of condensed 
water vapour suspended in the air, often greatly reduces 
visibility (less than 1000m). It is a common weather 
phenomenon in winter and poses a dangerous hazard to 
aviation. Reasons for fog occurrence are many. Fog 
occurring over the land is mainly caused by radiative 
cooling of the lower moist air. Clear skies leading to 
nocturnal radiation, and a low pressure system that is 
slowly advecting moist air from the sea to a shallow layer 
above the ground during the evening and early part of the 
night are the main conditions for the occurrence of fog. 
The slight turbulence that is necessary for the formation of 
fog is apparently brought about by a gentle katabatic flow 
from the hills to the east of the airfield (Santacruz airport)  
(Rangarajan, 1952). On all occasions of fog, the surface 
wind during the night preceding the occurrence of fog was 
generally calm or light. Fog also occurred in the wake of 

the passage of low pressure systems and associated rain 
(Swaminathan, 1961). Influence of horizontal 
convergence in the surface layers bounded by thermal 
inversion favours the formation of radiation fog at Palam, 
Santacruz and Begumpet airports during the winter 
(Natarajan, 1962). The processes of formation of fog and 
its dissipation have been well understood and explained in 
literature.  
 
 
 2.  Though fog occurs mainly in the temperate 
regions, it has been observed in the Polar regions also. 
Bhukan Lal (1987) has reported that advection fog was 
very frequently observed at Dakshin Gangotri (70° S,         
12° E) especially during the peak polar summer months 
(December – January) but not so frequently observed in 
other seasons. Koppar (1989) has observed fog on 13 days 
at Dakshin Gangotri in 1987. (Six events were observed in 
December and January, two events in June and October 
and one day of fog in March, May and July). He has stated 
that advection fog was most common although shallow 


	East Rajasthan
	Haryana, Chandigarh & Delhi
	Jammu & Kashmir
	Jharkhand
	Uttaranchal
	West Rajasthan
	West Uttar Pradesh
	Himachal Pradesh
	West Madhya Pradesh
	Konkan & Goa
	Madhya Maharashtra
	Marathawada
	Vidarbha
	Coastal Andhra Pradesh
	Telangana
	Rayalaseema
	Tamil Nadu & Pondicherry
	Coastal Karnataka
	South interior Karnataka
	Lakshadweep
	Wet days
	August

	Acknowledgements
	References

	551.575 (99)
	FOG AT MAITRI, EAST ANTARCTICA
	References
	1.  During past 100-years, considerable progress has been made in understanding the interannual variation of Indian summer monsoon. However, less attention has been paid to understand its intraseasonal variation.  A proper understanding of its mechani...
	TABLE 1
	Period of break, subdued rainfall and wet days during 1979-2000
	3.  Break monsoon days, subdued rainfall days and wet days: Table 1 shows monthly break monsoon dates and subdued rainfall dates for July and August for the period of 1979 - 2000. It is seen from the Table 1 that duration of their individual spell var...
	of subdued rainfall while recent break monsoon of 4 days during 1 - 4 August, 2000 was associated with 15 days of subdued rainfall (22 to 31 July and 3 - 7 August) from days of occurrence of this break monsoon/subdued days till its revival. Similarly,...
	5.  Characteristics of break monsoon during        1998 and 2000 - We have described here briefly difference of characteristics of two contrasting break monsoon cases that occurred in July 1998 and August 2000 from synoptic aspects based on the charac...
	Saurashtra and Kutch
	Telangana

	departure from normal over central Indian station of Nagpur was also higher than normal in former break monsoon case for many days in the spell as the pressure departure from normal was nearly 4 hPa above normal in three pentads continuously. But in t...
	References

	RAJENDRA KUMAR JENAMANI
	551.577.23 : 633 : 631.586
	A STUDY ON ‘PEAK RAINFALL PERIOD’ AND ITS AGRICULTURAL IMPLICATIONS ON CROPS GROWN IN DRY FARMING REGION OF INDIA
	1. Dry farming region (DFR) of India is defined as the region receiving annual average rainfall between 400-1000 mm.  Unlike other parts of the country rainfall during monsoon season is not uniformly and evenly spread over DFR (Soman and Kumar, 1990)....


