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lkj & bl 'kks/k i= esa o"kZ 1960&98 dh vof/k esa ,y&uhuksa ds fofHkUu pj.kksa ds nkSjku ekulwu fo{kksHkksa 

¼fuEu nkc vkSj vonkcksa½] ekulwu nzks.kh vkSj frCcrh izfr pØokr rFkk ekulwu dh vof/k tSls Hkkjrh; 
xzh"edkyhu ekulwu o"kkZ ¼vkbZ- ,l- ,e- vkj-½ ds fofHkUu flukfIVd vfHky{k.kksa vkSj v/kZ LFkk;h y{k.kksa dk 
vyx & vyx v/;;u fd;k x;k rkfd ;g irk yxk;k tk lds fd  ,y&uhuksa dh dsoy ,d gh ?kVuk ds 
nkSjku Hkkjrh; xzh"edkyhu ekulwu o"kkZ ¼vkbZ- ,l- ,e- vkj-½ esa deh D;ksa vkbZ Fkh tcfd vU; o"kksZa ds nkSjku 
Hkkjrh; xzh"edkyhu ekulwu o"kkZ ¼vkbZ- ,l- ,e- vkj-½ yxHkx lkekU; vFkok lkekU; FkhA bl v/;;u ds 
}kjk ,y&uhuksa dh nqgjh ?kVukvksa dk Øe’k% nks o"kksZa esa ,d ckj vkSj nksuksa o"kksZa esa Hkkjrh; xzh"edkyhu ekulwu 
o"kkZ ¼vkbZ- ,l- ,e- vkj-½ de gksus rFkk blds vkSj vf/kd de gksus dh tk¡p dh xbZ gSA fcuk fdlh 
,y&uhuksa ds Hkkjrh; xzh"edkyhu ekulwu o"kkZ ¼vkbZ- ,l- ,e- vkj-½ dh deh ds ekeyksa ij Hkh fopkj&foe’kZ 
fd;k x;k gSA Hkkjrh; xzh"edkyhu ekulwu o"kkZ ¼vkbZ- ,l- ,e- vkj-½ dh LFkkfud fHkUurkvksa ij flukfIVd 
vkSj v/kZ&LFkk;h y{k.kksa ds izHkkoksa ij cy fn;k x;k gSA 

 
buls izkIr gq, ifj.kkeksa ls ;g irk pyrk gS fd Hkkjrh; xzh"edkyhu ekulwu o"kkZ ¼vkbZ- ,l- ,e- vkj-½ 

ds fy, flukfIVd ds vfHky{k.k vkSj v/kZ&LFkk;h y{k.k egRoiw.kZ Fks vkSj o"kZ 1997 ds ,y&uhuksa ds ckotwn 
dqN o"kksZa esa lkekU; vkSj lkekU; ls vf/kd Hkkjrh; xzh"edkyhu ekulwu o"kkZ ¼vkbZ- ,l- ,e- vkj-½ ds fy, ;s 
mRrjnk;h FksA ,y&uhuksa dh vuqifLFkfr esa Hkh ekulwu&nzks.kh ds de fnuksa] fuEu nkc {ks=ksa vksj vonkcksa rFkk 
detksj frCcrh izfr pØokr ds dkj.k Hkkjrh; xzh"edkyhu ekulwu o"kkZ ¼vkbZ- ,l- ,e- vkj-½ esa deh FkhA 
yk&uhuk dh vuqifLFkfr esa ck<+ okys o"kksZa esa ;g fLFkfr blds foijhr FkhA lkaf[;dh; fo’ys"k.k ls Hkkjrh; 
xzh"edkyhu ekulwu o"kkZ ¼vkbZ- ,l- ,e- vkj-½ ds lkFk bu flukfIVd vkSj v/kZ&LFkk;h y{k.kksa ds cgqr vf/kd 
lglaca/k xq.kkdksa ¼ lh- lh-,l-½ dk irk pyk gSA o"kZ 1961 esa Hkkjr esa vR;kf/kd ekulwu dh o"kkZ gqbZ D;ksafd 
ml o"kZ Hkkjr esa rhoz ekulwu fo{kksHkksa vkSj ekulwu nzks.kh ds dqy fnuksa dh la[;k rFkk ekulwu dh dqy vof/k 
lcls vf/kd FkhA bl v/;;u ls ;g irk pyk gS fd ekulwu fo{kksHk vkSj ekulwu nzks.kh flukfIVd vkSj 
v/kZ&LFkk;h y{k.kksa ds lcls vf/kd egRoiw.kZ ?kVd gS ftlls 1965 vkSj 1966 esa Hkkjrh; xzh"edkyhu ekulwu 
o"kkZ ¼vkbZ- ,l- ,e- vkj-½ dh LFkkfud fHkUurk,¡ izHkkfor gqbZ rFkk o"kZ 1961 esa de o"kkZ vkSj o"kZ 1994 esa Hkkjr 
ds vf/kdka’k Hkkxksa esa vR;kf/kd o"kkZ gqbZA 

 
 
ABSTRACT.  Characteristics of different synoptic and semi-permanent features of Indian Summer Monsoon 

Rainfall (ISMR), such as monsoon disturbances (lows and depressions), monsoon trough and Tibetan anticyclone and 
duration of monsoon,  are studied individually for different phases of El-Nino during the period 1960-98 to understand 
why during some El-Nino single events, ISMR was deficient while during other years, ISMR was on the positive side of 
normal or normal. This study examines cases of El-Nino double events with deficient and near deficient ISMR in one of 
the two years and in both the years respectively. The cases of deficient ISMR without any El-Nino are also discussed. 
Emphasis has been given on the effects of the synoptic and semi-permanent features on spatial variations of ISMR.  

 
Results show that characteristics of synoptic and semi-permanent features were important for ISMR and these were 

responsible for producing normal or above normal ISMR during some years in spite of El-Nino such as 1997. Also in the 
absence of El-Nino, ISMR was deficient because of less number of days of monsoon trough, lows and depressions, and 
weak Tibetan anticyclone. The reverse happened during flood years when there was no La-Nina. Statistical analysis 
indicates very high correlation coefficients (CCs) of these synoptic and semi-permanent features with ISMR than those of 
SST of Nino-3 region. India received highest monsoon rainfall during 1961 because total number of days of intense 
monsoon disturbances and monsoon trough and the total duration of monsoon over India during the year was the highest. 
This study shows that monsoon disturbances and monsoon trough are the most important components of synoptic and 
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semi-permanent features, which affected spatial variation of ISMR in 1965 and 1966 with deficient rainfall and in 1961 
and 1994 with excess rainfall over a large part of India. 

 
Key words  – Indian Summer Monsoon Rainfall (ISMR), El-Nino double/single events, La-Nina, Drought 

without El-Nino, Duration of monsoon, Monsoon disturbances, Monsoon trough. 
 
 
1.  Introduction 
 

Negative correlation of El-Nino with Indian Summer 
Monsoon Rainfall (ISMR) is well established by various 
authors (Rasmusson and Carpenter, 1983; Kiladis and 
Diaz, 1989 and Mooley and Paolino, 1989). This relation 
represents a tendency of the ISMR to be below normal 
during El-Nino epochs over the eastern equatorial Pacific 
and vice-versa during La-Nina conditions. However, 
characteristics of individual El-Nino events (starting 
phase, persistence, spatial and temporal variation of SST 
over east Pacific) differ from one other and its complex 
relationship with monsoon has already been highlighted 
by Normand (1953). Apart from irregular periodicity of its 
occurrence (2 to 5 year's cycle), some El-Nino events 
continue longer. In the present study, the El-Nino 
phenomena covering two monsoon seasons are termed as 
El-Nino double events and others with smaller periods are 
called El-Nino single events. 
 

It has been observed that characteristics of ISMR 
differ during El-Nino single and double events. In order to 
understand the relationship between El-Nino and ISMR 
correctly, it is essential to examine the characteristics of 
ISMR during different types of El-Nino events. Data 
shows that ISMR during El-Nino double events are either 
deficient or near deficient twice in 1991-92 or once as in 
1982 of 1982-83. However, in 1983 i.e., in the second 
year of El-Nino double event of 1982-83, there was flood. 
During El-Nino single events in 1965, 1972 and 1987, 
ISMR was deficient and during 1976 and 1997, ISMR was 
on the positive side of normal or normal. Why does this 
anomaly occur in their relationships?  Why does during 
some El-Nino double events, ISMR become deficient only 
in one of the two years, while in some El-Nino events, 
ISMR become deficient in both the years?  Why does 
during some years when El-Nino is absent e.g. 1966, 
1968, 1974, 1979 & 1986, ISMR becomes deficient? It 
has also been observed that floods have occurred over 
India during years 1961, 1983 & 1994 when La-Nina 
conditions were not present and in 1961, the highest 
seasonal monsoon rainfall occurred over India.  
 

Khole and De (1999) have considered different 
facets of El-Nino-ISMR relationship from circulation 
pattern, over Indian region for individual years and 
concluded that the effect of El-Nino to modify the 
regional scale circulation pattern over India and 
interaction between planetary scale and regional scale 
circulation alterations finally results into the circulation 

pattern of any year. The rainfall activity is a manifestation 
of this pattern and hence the effect of El-Nino on ISMR 
can be studied with this aspect. 
 

Kripalani and Kulkarni (1997), Goswami (1998), 
Krishnamurthy and Goswami  (1998) and Verma (1990) 
have studied the effect of El-Nino on ISMR in interannual 
and interdecadal scales. According to Verma (1990), 
deficiency of ISMR during any El-Nino year depends on 
whether monsoon season falls on increasing or decreasing 
tendencies of SST from previous autumn season.  Hence, 
one expected drought during 1982 instead of 1983 
because monsoons of 1982 and 1983 fall in the increasing 
and decreasing tendency of SST respectively. Also, it fails 
to explain why during other El-Nino years of increasing 
tendency, India received normal ISMR (1976 and 1997). 
Krishnamurthy and Goswami (1998) used composite 
circulation features of interdecadal variability and found 
that El-Nino - monsoon relationship varies with 
interannual variation of position of Walker/Hadly 
circulation with broadly fixed interdecadal one.  If both 
interannual and interdecadal variability are in the same 
phase, then ISMR is affected depending upon whether 
both the phases are of El-Nino or La-Nina  type i.e., ISMR 
is deficient during an El-Nino year of a warming decade 
of east Pacific SST and the reverse happens during La-
Nina year.  But, if both are in opposite phases, then El-
Nino-monsoon relationship becomes complex. It fails to 
explain the contrasting effect of different individual El-
Nino double events on monsoon i.e., why El-Nino double 
events affected ISMR in both the years during 1991-92 
and once during 1982-83, in spite of all these years falling 
in warming decades.   
 

Based on GCM control experiments, Goswami 
(1998) inferred that ISMR is also controlled by some other 
factors which he termed as model internal dynamics apart 
from slowly varying boundary conditions. Recently, 
Krishna Kumar et al., (1999) have studied El-Nino- ISMR 
relation in a climatic scale from various different aspects 
and found that effect of El-Nino on ISMR is becoming 
insignificant during recent years due to increase of 
temperature over Eurasia region. But when 1997 is 
excluded (when major El-Nino have occurred, but ISMR 
was normal) from the long data period, the relationship 
does not become so weak (Chang et al., 2001).  

 
For finding the cause of normal ISMR during intense 

El-Nino 1997, various factors such as intraseasonal 
oscillations, Indian Ocean SST anomalies, Eurasian snow 
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cover, decadal changes in ENSO monsoon  coupling and 
global warming have been examined by various authors 
(Webster et al., 1999; Lau and Wu, 1999; Lau and Wu, 
2001; Slingo and Anamalai, 2000; Shen and Kimoto, 
1999; Krishna Kumar et al., 1999 ). As yet, there is no 
conclusive evidence on the relative importance of each 
factor in to ISMR and how they affect the monsoon-
ENSO relationship. Mooley (1997) have studied the effect 
of El-Nino on spatial variation of ISMR over northwest 
India by classifying El-Nino years into two categories 
according to spatial distribution of warm SST over 
equatorial south east Pacific. Srinivasan and Nanjundiah 
(2002) have studied ISMR-ENSO relationship for 1983 
and 1997 and found that both in 1983 and 1997, the 
conditions in May were similar to those of a drought year, 
but the appearance of westward migrating cloud systems 
in June to the Bay of Bengal changed the course of 
monsoon which turned out to be above normal. Hence 
events on time-scales of weeks or intraseasonal 
oscillations during the evolution of the monsoon have 
considerable impact on the seasonal rainfall.  
 

Kripalani and Kulkarni (1999) show that in 1979, 
ISMR was deficient in the absence of El-Nino, since snow 
depth was dominant. These studies again do not explain 
why during some El-Nino double events, ISMR was 
deficient only in one of the two years, while in some El-
Nino event, it is deficient in both the years or normal in 
one year. Also, why during some other drought years e.g., 
1974, 1979, 1986, ISMR was deficient even though there 
was no El-Nino, while flood during the years 1961 and 
1994 in the absence of La-Nina. 
 

In the present study, different synoptic and semi-
permanent features concurrent to the monsoon season are 
examined for different drought, flood and normal rainfall 
years during 1960-98 to attempt to answer some of the 
questions raised earlier pertaining to El-Nino-ISMR 
relationship. The synoptic and semi-permanent features 
over India include characteristics of monsoon 
disturbances, monsoon trough and Tibetan anticyclone 
and onset, withdrawal dates and duration of monsoon. 
Effects of these synoptic and semi-permanent features on 
spatial variation of ISMR are also studied for some 
individual years to know whether these features have 
some special characteristics to produce a particular type of 
spatial distribution according to whether these are very 
active or weak. After comparative study of characteristics 
of all of these features for different categories, correlation 
coefficients (CCs) are also computed between notable 
features and ISMR. 

 
In section 2, earlier studies on the role of some 

important synoptic and semi-permanent features are 
discussed in the context of ISMR.  The data used in this 

study and methodology adopted are given in section 3. 
Section 4, contains results of analysis of synoptic and 
semi-permanent features. Role of these synoptic and semi-
permanent features in the occurrence of highest ISMR 
during 1961 is discussed in section 5 followed by, effect 
of synoptic and semi-permanent features on spatial 
distribution of ISMR in section 6. CCs of some synoptic 
and semi-permanent features and SST of Nino-3 region 
with ISMR are given in section 7. Conclusions are given 
in section 8. 
 
2.  Important synoptic and semi-permanent features  
 

Onset of monsoon rainfall over Kerala and the 
withdrawal of monsoon from northwest India are very 
significant events. It is well known that the date of onset 
of monsoon over Kerala  and the date of withdrawal of 
monsoon from northwest India have no relation with 
ISMR (Chowdhary et al., 1990 and Jenamani and Desai, 
1999). But if monsoon onset over the whole of India is too 
early and the starting of withdrawal from northwest India 
is also too late i.e., if the total duration of monsoon is 
longer, ISMR may be more. 
 

Intraseasonal monsoon systems over Indian      
region can be basically divided into two parts;        
synoptic disturbances of transient characteristics           
and semi-permanent systems of quasi-permanent 
characteristics. Role of such intraseasonal oscillations on 
interannual variation of ISMR have been recently debated 
by many authors after failure of ENSO-ISMR relationship 
in 1997 [Krishnamurthy and Shukla, 2000; Lawrence       
and Webster, 2001; Srinivasan and Nanjundiah, 2002]. In 
fact, as mentioned earlier, while studying the cause of 
normal monsoon during recent El-Nino of 1997 from day 
to day OLR data analysis Srinivasan and Nanjundiah, 
2002 have found that presence of such strong 
intraseasonal oscillation of monsoon in June 1997 over 
Indian region was responsible for ISMR being normal. 
However, they did not study the effect of such 
intraseasonal oscillations on interannual variation of 
ISMR from day to day synoptic and semi-permanent 
features evolutions. This has been studied in the present 
study.   
 

Most important synoptic disturbances during 
monsoon season over India are monsoon disturbances 
(lows, depressions and storms) which form mostly over 
the Bay of Bengal, off-shore troughs along west coast of 
India and western disturbances over north India. Monsoon 
disturbances (low pressure area, depression, storms) 
generally form over Bay of Bengal and move westwards 
or west northwestwards along monsoon trough and 
produce large amount of rainfall. Interannual and 
intraseasonal variations of these characteristics of 
monsoon  disturbances  are studied by Jenamani and Dash 
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Fig. 1.  Monthly SST anomaly (ºC) over Nino - 3 region during 1950-97 (thin line represents monthly 
mean anomaly values and bold line represents six monthly running means) 

 
 
 (1999) and Jenamani and Desai (1999) from ISMR 
prospective. Their study on relationship of ISMR with 
characteristics of monsoon disturbances shows that years 
of good rainfall have higher number of such disturbance 
days compared with drought years. In the present study, 
we have considered their role by taking such characteristic 
during different phases of El-Nino/La-Nina. Chen and 
Weng (1999) have also studied interannual and 
intraseasonal variations of their genesis from predecessors 
of monsoon disturbances over northwest Pacific and south 
China sea for some recent El-Nino/La-Nina years.  

Out of the remaining synoptic systems, interaction of 
westerly systems which include western disturbances and 
middle-latitude westerly troughs at mid or upper 
troposphere, with monsoon circulation for favouring 
good/bad ISMR have already been highlighted earlier 
through different case studies (Rao, 1976 for references). 
These studies show that interaction between monsoon and 
westerly systems depends upon prevailing circulation 
pattern over India in the intraseasonal scale and hence 
these systems have a mixed role of either enhancing 
rainfall  or  suppressing  it by producing break in monsoon  

 

 

 

         Reynolds SST Nino - 3 
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Fig. 2. Percentage departure of ISMR from normal (1960-98) 
 

 
over India. The other synoptic disturbance, which affects 
ISMR strongly, is the position of off - shore trough/vortex 
along west coast of India. George (1956) had examined 
these features long back. The off-shore trough being a part 
of monsoon system, is significantly affected by cross 
equatorial flow or north-south hemispheric pressure 
gradient. It can also affect activities of ISMR during 
different phases of El-Nino/La-Nina. However, in the 
present study, we have neither considered effect of 
westerly systems nor the effect of off-shore trough on 
ISMR because of unavailability reliable research quality 
data for both systems. Though, some of their 
characteristics are available in “India Daily Weather 
Summary/India Daily Weather Report (IDWR)”, a 
bulletin prepared from operational data and published by 
India Meteorological Department (IMD), locations for 
these two types of systems in these reports are little 
subjective because these are determined based upon 
operational data which are sometimes received sparse over 
the region where these systems are normally observed.  
 

Quasi-permanent systems of synoptic scale that 
appear over the Indian sub-continent and neighbourhood 
during start of the monsoon season are called semi-
permanent systems.  These semi-permanent systems are 
important components of regional features. Monsoon 
Trough (trough of low from northwest India to Bay of 
Bengal through central India) is one of the components of 
these semi-permanent systems. The others are heat low at 
the surface over Pakistan and adjoining Afghanistan and 
Rajasthan, an east-west oriented Tibetan anticyclone over 
Tibetan region in mid and upper troposphere and tropical 
easterly jet of strong easterly winds at upper troposphere 
with jet core at peninsular India. Characteristics of these 

systems and their role in monsoon are studied by several 
authors. A brief review is available in Rao (1976).  
Krishnamurthy and Bhalme (1976) studied these semi-
permanent systems and found a quasi-bi-weekly low 
frequency oscillation. Jenamani and Desai (1999) have 
considered characteristics of all these semi-permanent 
systems simultaneously for examining their role in 
controlling interannual variation of ISMR. The study 
found that these characteristics (position and intensity) of 
semi-permanent systems fluctuate and the monsoon 
trough and the Tibetan anticyclone, are highly responsible 
for interannual variability of monsoon rainfall over India. 
In this study, characteristics of monsoon trough and 
Tibetan anticyclone are examined during different phases 
of El-Nino/La-Nina. 
 
3.  Data and methodology 
 

For classification of El-Nino/La-Nina, SST 
anomalies in Nino-3 region of eastern equatorial Pacific 
(area covering 150º W to 90º W and 5º S to 5º N) is 
considered in the present study. The SST anomalies in 
Fig. 1, is based on, monthly 2º × 2° grided Reynolds SST 
data for January, 1950 to May, 1998. In this study, an 
event is said to be El-Nino (La-Nina)  if SST anomalies in 
Nino - 3 region during monsoon ≥ + 7° C (≤ -7° C). An 
El-Nino event is said to be double El-Nino event, if warm 
SST anomaly persists till the next monsoon season even 
though it is weakened, otherwise it is called single El-
Nino event. Cumulative area weighted ISMR percentage 
departure from normal for recent years of 1960-98 plotted 
in Fig. 2. These are updated ISMR data from IMD. ISMR 
is defined as deficient or drought when ISMR percentage 
departure from normal ≤ -10%, near deficient when
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TABLE 1 
 

Categorisation of El-Nino & ISMR relationship 
 

S. No. Categories Years ISMR percentage departure from normal Status of  ISMR 
1 Drought once in double El-Nino event 1982 -14.5 Deficient 
  1983 13  Flood 
2 Drought twice in double El-Nino event 1991 -9.3 Near deficient 
  1992 -6.6 Near deficient 
  1965 -17.2 Deficient 
3 El-Nino drought 1972 -23.9 Deficient 
  1987 -19.4 Deficient 
4 El-Nino normal 1976 2.5 Normal 
  1997 2 Normal 
5 Drought near deficient without El-Nino 1966 -13.2 Deficient 
  1968 -10.3 Deficient 
  1974 -12 Deficient 
  1979 -18.9 Deficient 
  1985 -7.1 Near deficient 
  1986 -12.6 Deficient 
6 La-Nina flood 1970 12.2 Flood 
  1975 15.2 Flood 
  1988 19.3 Flood 
7 Flood without La-Nina 1961 21.8 Flood 
  1983 13  Flood 
  1994 12.5 Flood 

 

 
departure > -10% but ≤ -7 %, positive side of normal or 
normal when departure > 0 and above normal or flood 
when departure ≥ +10%. We classify El-Nino-ISMR 
relationships in to four categories based on Figs. 1 and 2 
and listed in Table 1 as categories 1 to 4 for the period 
1960-98. 

 
 
 
We have also considered all flood/drought years with 

respect to all El-Nino/La-Nina during 1960-98 according 
to definition given above and classified those into another 
three categories 5 to 7 in Table 1. All of these 
classifications are based on earlier established ENSO-
ISMR relationships i.e., “El-Nino drought” and “La-Nina 
flood” and years which do not obey such relationships i.e., 
years when El-Nino was present but normal rainfall 
occurred over India named as “El-Nino normal”, years 
when El-Nino was not there but drought or near deficient 
rainfall occurred over India named as  “drought without 
El-Nino” and La-Nina was not there but flood have 
occurred over India named as  “flood without La-Nina”. It 
may be noted that not a single drought has occurred 
during any La-Nina year. Droughts are only associated 
with El-Nino or without El-Nino events of eastern Pacific. 
Hence we have classified all droughts as “El-Nino 
droughts or drought without El-Nino”. Since there is not a 
single example of occurrence of flood in two consecutive 
years during 1960-98, we have not considered any La-
Nina double events. 

Onset and withdrawal dates for 1960-98, are 
collected from Monsoon Summaries published in the 
Journal “Mausam” and weekly weather report publish 
from IMD, Pune. The duration of monsoon is calculated 
by subtracting the date when monsoon covered the whole 
of India from the date of first withdrawal from west 
Rajasthan in the extreme north-west India.  

 

 
 
For studying role of monsoon disturbance days 

which include total days of cyclonic storms (CS), 
depressions and lows on ISMR during different phases of 
El-Nino/La-Nina, frequency of the number of CS 
(includes intensity of CS and above) and depressions for 
monsoon season over Indian region for the period 1960-
98, are collected from the “Tracks of Depressions and 
Storms in the Bay of Bengal and Arabian Sea” published 
by IMD (1979) and IMD (1996).  Similar data for recent 
years (1991-98) are collected from India daily weather 
report and Monsoon Summaries prepared by IMD. 
However, for finding frequency of lows which are 
relatively weak systems, no other documented data source 
except Mooley and Shukla (1987) is available readily for 
referring seasonal frequency of low pressure areas. 
Mooley and Shukla (1987) have prepared an exhaustive 
document of all monsoon disturbances which includes 
well marked lows and lows for Indian region and the area 
under consideration is 60° E to 100° E and 5° N to 35° N. 
This area includes north Indian Ocean and adjoining 
Indian  sub-continent.  Further,  the data source of Mooley  
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TABLE 2 
 

Period of break monsoons 
 

Year July August July - August Total no. of days 
1960 16-21 - - 6 
1961 - - - - 
1962 - 18-22 - 5 
1963 10-13; 17-21 - - 9 
1964 14-18 - 28-3 12 
1965 6-8 4-15 - 15 
1966 2-11 23-27 - 15 
1967 7-10 - - 4 
1968 - 25-27 - 3 
1969 25-28 18-20 -  7 
1970 12-16; 22-24 - - 7 
1971 - - - - 
1972 19-30 - - 12 
1973 - - 24-1 9 
1974 - - - - 
1975 25-27 - - 3 
1976 - - - - 
1977 - 12-17 - 6 
1978 - - - - 
1979 - 19-31 - 13 
1980 18-20 - - 3 
1981 - 24-26 - 3 
1982 - - - - 
1983 - 22-26 - 5 
1984 21-24 - - 4 
1985 - 23-26 - 4 
1986 - 24-26 - 3 
1987 29-31 - - 3 
1988 4-6 13-15; 

25-27 
- 9 

1989 29-31 - - 3 
1990 - - - - 
1991 - - - - 
1992 - - - - 
1993 - - - - 
1994 - - - - 
1995 - 12-15 - 4 
1996 1-5 - - 5 
1997 - - - - 
1998 16-25 - - 10 
1999 - - - - 
2000 - 1-4 - 4 

 
 

and Shukla (1987) is Indian Daily Weather Report for the 
period 1888-1983 published by IMD.  

 
Surface charts with isobaric analysis of 0300 UTC 

for Indian region are also available in this daily IMD 
report and while finalising the frequency or tracks of lows 
from these IMD source, respective authors have followed 
a stringent method. Details of such method are available 
in the report of Mooley and Shukla (1987) published by 

COLA USA and subsequently in an article published in 
the journal “Mausam” by Mooley and Shukla (1989a).  

 

Since in Mooley and Shukla (1987), synoptic 
systems such as lows, depressions & CS which are not 
feeble and have life period of 2 days or more have been 
considered for counting their number and duration, we 
have only consider those monsoon disturbances including 
CS and depressions which has satisfied these conditions. 
If the synoptic systems continue from one month to the 
next month then it is considered to belong to that month 
during which system lies on more number of days. 
Number of days of cyclonic storm and depression are 
counted from the days, when the said synoptic system was 
a low pressure area. Hence low days are also included in 
the disturbance days in case system intensified into a 
cyclonic storm. Total disturbance days are the sum of days 
of cyclonic storm, depression and low days.  
 

When the axis of monsoon trough is seen from west 
Rajasthan to north Bay both in 0300 and 1200 UTC  
surface chart, at least for two days, then that day is taken 
as the date of establishment of monsoon trough and 
towards the second half of the season, the date from which 
the trough over this normal position is continuously not 
seen is taken as its date of less marked. Monsoon trough 
days are the difference of both of these dates. The “break” 
is defined, when monsoon trough on the surface chart, lies 
over the foot hills of Himalayas as defined by 
Ramamurthy (1969). Break monsoon dates are also 
collected for the period 1960-2000 are listed in Table 2. 
From 1960 till 1967, same break monsoon dates as 
published by Ramamurthy (1969) are listed. Afterwards, 
for determination of dates of break monsoon, 
Ramamurthy (1969)  conditions of break monsoon have 
been exactly followed i.e., dates of July and August, when 
monsoon trough on the surface chart, lies over the foot 
hills of Himalayas continuously for at least 3 days or 
more, have been considered for updating break monsoon 
dates till 2000. Break monsoon dates based on same 
conditions for the period 1979-98 are published already 
earlier by present author in Jenamani and Thapliyal 
(1999). It may be noted that there is not much difference 
of these dates with that of break monsoon dates of De        
et al., (1998) except inclusion of some more break 
monsoon days in the later one from the month of June and 
September.  
   

The seasonal mean characteristics (position and 
intensity) of Tibetan anticyclone are determined from 
daily surface and upper air grided NCEP re-analysed data 
available in CD ROM for 1976-96 (Kalnay et al., 1996).  
 

Two different types of figures are given for each of 
the above synoptic and semi-permanent features; one type 
of figures is given for all the El-Nino double/single 
events,  others  are for selected years of “El-Nino drought”   
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Figs. 3(a&b).  Number of days after 1 May when the monsoon onsets over Kerala (MOK) during 
years of (a) El-Nino double/single events (b) El-Nino drought, El-Nino normal, 
drought without El-Nino, La-Nina flood and flood without La-Nina 

 
 (El-Nino with deficient ISMR, as in 1965,1972 & 1987), 
“El-Nino normal” (El-Nino years when ISMR percentage 
departure from normal is on higher positive side as in 
1976 & 1997), “drought without El-Nino” (drought or 
near deficient years when there was no El-Nino as in 
1966, 1968, 1974, 1979, 1985 & 1986), “La-Nina flood” 
(as in 1970, 1975 & 1988) and  “flood without La-Nina” 
(flood years when there was no La-Nina as in 1961, 1983, 
& 1994).  
 

After comparative study of characteristics for each of 
above mentioned features under different categories, CCs 
are also calculated between those features with ISMR 
which have significant role on variation of ISMR for years 
given in Table 1. This also includes CC of Nino-3 SST 
with ISMR. All CCs are calculated by using data of 21 
years listed in Table 1. 
 

4.  Synoptic and semi-permanent features of Indian 
Summer Monsoon 

 

4.1.  Variation of dates of onset, withdrawal and 
duration of monsoon over India 

 

Figs. 3(a&b) show dates of onset of monsoon over 
Kerala (MOK) in May and June during the cases classified 

earlier. It is seen that the MOK was early during the El-
Nino single event of 1965 (which had deficient rainfall) 
compared to the El-Nino single event of 1976 (which had 
normal rainfall) and second year of El-Nino double event 
1982-83 (which was a flood year). Similarly, MOK was 
late during El-Nino normal year 1997 compared to 1965, 
1991 and 1992 which were deficient or near deficient 
rainfall years. Hence MOK has no relation with 
occurrence of drought during double/single El-Nino 
events or drought without El-Nino  and flood during other 
years.  Similarly it has been seen that the date when 
monsoon covers complete India and withdrawal date of 
monsoon from extreme northwest India have no relation 
with the ISMR during different phases of El-Nino 
consider for the present study. 
 
 

Figs. 4 (a&b) show duration of monsoon over India 
for all the years of study. It may be mentioned here that 
the duration of monsoon has been computed from the date 
of prevalence of monsoon over the whole of India up to 
the date of first date of withdrawal from extreme 
northwest India. It is seen that in most of the years of El-
Nino   double/single   events   and  years  without  El-Nino  

 

(a) 

 

(b) 
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Figs. 4(a&b).  Duration of monsoon during years of (a) El-Nino double/single events and (b) El-Nino 
drought, El-Nino normal, drought without El-Nino, La-Nina flood and flood without 
La-Nina 

 
when ISMR was deficient or near deficient, duration of 
monsoon over India was less than La-Nina flood/ flood 
without La-Nina or El-Nino normal years. In fact, 
duration of monsoon over India was the longest during 
flood without La-Nina year of 1961. However, in the 
deficient year of 1966, it was higher than the duration of 
monsoon during flood years 1983 & 1988. Similarly 
during the drought year without La-Nina i.e., 1979, the 
duration of monsoon was higher than the normal rainfall 
year of 1997. Thus in general, the duration of monsoon 
has a positive relation with ISMR, with some exceptions. 
The above regional features are sometimes responsible for 
drought or near deficient rainfall when there was no El-
Nino, normal rainfall during El-Nino year or flood during 
years when there was no La-Nina.  Hence durations of 
monsoon is longer (shorter) during most of the flood 
(drought) years irrespective of the presence or absence of 
El-Nino/ La-Nina. 
 

4.2.   Variation of characteristics of synoptic features 
 

Figs. 5(a&b) show the total number of monsoon 
disturbance days (lows and depression and storms days) 

during different years. The lowest number of disturbance 
days amongst all the years of study is found to be during 
1966 which is one of the severe drought years when no El-
Nino was observed. The highest number of disturbance 
days is found to be in 1983 which was a flood year in the 
absence of La-Nina. In fact, it was the second year of El-
Nino double event in 1982-83. From Fig. 5(a), it is seen 
that the number of disturbance days is less during other 
years of El-Nino double/single events when ISMR was 
affected. During El-Nino of 1976 and 1983, ISMR was 
normal or above normal and also low and depression days 
are higher than other El-Nino drought years.  So ISMR is 
not  affected during El-Nino single event of 1976 and 
during the second year of El-Nino double event in 1982-
83.  However during El-Nino year 1997, the number of  
disturbance days is less in comparison with many other 
deficient years. It may be mentioned that during 1997, the 
second lowest number of monsoon disturbances was 
observed amongst all the years of study.  During 1997, 
though less number of low and depression days were 
observed, it is seen that the number of days of cyclonic 
circulations and monsoon troughs days were more         
and hence the ISMR was not affected by El-Nino.  During  
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(b) 
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Figs. 5(a&b).  Number of monsoon disturbances days during years of (a) El-Nino double/single events 
and (b) El-Nino drought, El-Nino normal, drought without El-Nino, La-Nina flood and 
flood without La-Nina 

 
 
1982, though slightly more days of monsoon disturbances 
were observed, due to weak monsoon trough, their 
formation was sporadic and hence ISMR was less.  Thus 
the influence of the number of monsoon disturbance days 
during the season is very important so as to produce good 
rainfall during El-Nino years.  If the number of these 
synoptic disturbances days is very much above normal, 
ISMR is observed to be high in spite of absence of La-
Nina.   
 

From Fig. 5(b), it is seen that the disturbance days 
are also very less during  drought years of 1966, 1968, 
1979 and 1986 and El-Nino drought years of 1965, 1972, 
1987 compared with El-Nino normal years of 1976, La-
Nina flood years of 1970, 1975, 1988 or  flood years of 
1961, 1983, 1994 .  In near deficient rainfall years without 
El-Nino in 1985, the monsoon disturbance days were also 
less. In 1974 and 1979, though the number of monsoon 
disturbance days was comparable with 1976, due to weak 

monsoon trough during most of the days of the season, the 
disturbances did not produce much rainfall. Thus it may 
be stated that due to the absence (presence) of sufficient 
number of monsoon disturbances formation and their 
movement along monsoon trough, drought (flood) 
occurred during years when El-Nino (La-Nina) were 
absent. Hence, the days of monsoon disturbances in a 
particular year also affect ISMR significantly in spite of 
presence/absence of El-Nino/La-Nina.  
 

4.3.  Variation of characteristics of semi-permanent 
features 

 
Fig. 6(a) shows the total monsoon trough days for 

different years of El-Nino double/single events. From         
Fig. 6(a), it is seen that monsoon trough days are less 
during El-Nino double event in 1991-92, when India  
received deficient or near deficient rainfall in both the 
consecutive  years,  during  1982  of  1982-83, when India  

 

 

(a) 

(b) 
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Figs. 6(a&b).   (a) Number of monsoon trough and break monsoon days during years of El-Nino 
double/single events and (b) Actual monsoon trough days for years of El-Nino drought, 
El-Nino normal, drought without El-Nino, La-Nina flood and flood without La-Nina 

 
 
received deficient rain once and  during El-Nino single 
events of 1965 and 1987 when India received deficient 
rainfall. 1972 was an exception. In the year of El-Nino 
double event in 1982-83, when there was flood, the 
number of monsoon trough days was more.  During single 
El-Nino events of 1976 and 1997, when ISMR was 
normal, monsoon trough days were also very high. 
 
 

During break monsoon conditions (Ramamurthy, 
1969) over India, significant decrease of rainfall takes 
place over most parts of India. Monsoon trough is 

normally not seen or it runs close to foot hills of 
Himalayas during break monsoons. Year-wise total break 
monsoon days over India taken from Table 2, for main 
monsoon months of July and August during all El-Nino 
double/single events and plotted in Fig. 6(a) for 
establishing relationship with ISMR. It is seen that total 
break monsoon days in 1983 which is flood year is more 
than 1982 which is a drought year and no break monsoon 
days were observed in 1991 & 1992 which are near 
deficient years respectively. Hence the number of break 
monsoon days over India a has no relationship with 
ISMR. 

 

(b) 

 

(a) 
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TABLE 3 
 

Characteristics of Tibetan anticyclone 
 

        
Years 

Centre of Tibetan anticyclone 
(at 500 hPa) 

(---- indicates centre is not defined) 

 Lat. (º N) Long. (° E) 

1976 26 94 
1979 26 94 
1982 26 95 
1983 26 ---- 
1985 27.5 91 
1986 26 91 
1987 26 94 
1988 27 91 
1991 26 92 
1992 26 94 
1994 28 ---- 

 
 

Monsoon trough days in the present study as given in 
Fig. 6(a) are calculated from the date of establishment of 
monsoon trough till it becomes less marked, without 
considering the break monsoon days occurred in between. 
Thus, it will be more appropriate if all of these break 
monsoon days when monsoon trough was observed at foot 
hills of Himalayas between the date of establishment of 
monsoon trough till it becomes less marked, are subtracted 
from the total monsoon trough days given in Fig. 6(a) 
before.  We have defined this as the actual monsoon 
trough days when monsoon trough is mostly active and 
given in Fig. 6(b) for years of El-Nino drought or near 
deficient, drought without El-Nino and flood over India 
with or without La-Nina.  
 

From Fig 6(b), it is seen that actual monsoon           
trough days are also very less during drought or near 
deficient years of 1966, 1968, 1974, 1979, 1985 & 1986 
compared with flood years and El-Nino normal years 
including 1972. In fact the number of actual monsoon 
trough days (112) is the highest in 1961 when there was 
no La-Nina and India received the highest rainfall. In   
Fig. 6(b), it may also be noted that during drought year of 
1972 when monsoon trough days were found higher, 
actual monsoon trough days is very less because it’s break 
monsoon days is very high. In other words, ISMR 
depends on the combination of break monsoon days and 
monsoon trough days calculated from the date of 
establishment till it becomes less marked.  Both the 
factors together control ISMR. If monsoon trough 
establishes early and becomes less marked later on, then 
persistence of longer days of break monsoon will not 
affect  ISMR  (e.g.,  year 1998, when break monsoon days  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figs. 7(a&b). Spatial distribution of ISMR during (a) 1961 and  (b) 1965 
 
were very high, but ISMR was normal ) since the actual 
monsoon trough days will be still high compared with 
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drought years.  But, if  break monsoon  days are very high 
then the actual monsoon trough days will be less in 
comparison to good rainfall years (as in drought year of 
1972). Hence, ISMR depends more on the actual monsoon 
trough days in the season compared with other regional 
features discussed earlier. If monsoon trough is not active 
(is active) during most of the days of the season, then 
ISMR will be less(high) as was during 1974, 1979, 1985 
& 1986 (1961, 1976, 1983, 1994 & 1997) in spite of the 
absence of  El-Nino (La-Nina) types of boundary 
conditions. So the actual days of monsoon trough is one of 
the most important factors responsible for normal rain 
during El-Nino and drought or near deficient rainfall over 
India without El-Nino and flood over India without La-
Nina types of boundary condition. 

 
Table 3, shows the approximate positions of the 

centre of seasonal mean of Tibetan anticyclone at 200 hPa 
during different years. From Table 3, it is seen that during 
flood years 1988 and 1994, Tibetan anticyclone was to the  
north of its normal position and active and during drought 
without El-Nino as in 1979, 1982, 1986, 1987, 1991 & 
1992, it was to the south of it’s normal position and weak. 
But during the second year of El-Nino double event of 
1982-83  i.e., in 1983, when ISMR was above normal, the 
Tibetan anticyclone was also very weak compared with 
1985. Similarly, during good rainfall year of El-Nino 
single event of 1976, Tibetan anticyclone was also very 
weak and to the south of its position in 1985.  So mean 
seasonal position of Tibetan anticyclone has very weak 
relationship with ISMR during different phases of El-Nino 
and La-Nina. However according to Jenamani and Desai 
(1999), ISMR also depends upon the date of establishment 
of Tibetan anticyclone and number of days of it’s presence 
in it’s normal position. Study of operational daily upper 
air data for 1987-98 also confirmed this result. Thus one 
may infer that during El-Nino double/single events and 
flood without La-Nina years (drought without El-Nino 
years), if the Tibetan anticyclone prevailed for more (less) 
number of days in its favourable position, the ISMR is on 
the positive side of normal or there is  flood(near deficient 
or drought). 
 
 
5.  Role of synoptic and semi-permanent features in 

occurrence of the highest ISMR during 1961 
 

In 1961, India received the highest monsoon rainfall 
during the period 1960 to 1998 with +21.8 percentage 
departure. Also in 1961, both the date of monsoon onset 
over Kerala (18 May) and the date of monsoon covering 
the complete India (21 June) were earliest, the starting 
date of withdrawal of monsoon from extreme north-west 
India was very late (1 October) and duration of monsoon 
was of longest duration (101 days) compared to other 

years of study. Since there was no break monsoon days in 
1961 [Fig. 7(b)] and monsoon trough established very 
early and it was present till the end of September, hence 
the number of actual number of monsoon trough days was 
highest (113 days).  However, the number of monsoon 
disturbance days was not the highest (94 days). The 
highest number of disturbance days was observed (105 
days) in 1983. During 1961 & 1975, the second highest 
number of  monsoon disturbances days (94 days) were 
observed. However, number of intense monsoon 
disturbance days i.e., number of  depression and cyclonic 
storm days, were significantly higher in 1961 (75 days) 
compared with 1975 (50 days), 1983 (34 days). Also in 
1961, five monsoon disturbances moved from the Bay of 
Bengal to the extreme west Rajasthan. Though higher 
number of monsoon disturbance days occurred in 1983, 
none of these systems had  long westward travel like 
1961. During other good rainfall years of 1975 & 1983, 
numbers of monsoon disturbance days was also high, 
however, the numbers of actual monsoon trough days was 
much less (84 & 74 days respectively) as compared to 
1961 (113days). Due to low activity of monsoon trough in 
1975 & 1983 compared to 1961, these disturbances might 
not have produced as much rainfall as in 1961. In 1961, all 
the important synoptic and semi-permanent features such 
as number of depression and storm days and number of 
monsoon trough days and duration of monsoon were 
highest amongst all the years of study and monsoon 
trough and disturbances were active during most of the 
days of the season and hence there was the highest ISMR 
in spite of no La -Nina.    
 
6.  Role of synoptic and semi-permanent features on 

spatial variation of ISMR during different phases 
of El-Nino  

 
Out of all the synoptic and semi-permanent features 

discussed in this paper, active off-shore trough produces 
good rainfall over sub-divisions of west coast of India and 
active monsoon trough and monsoon disturbances 
normally produce good rainfall over areas along central 
India. Thus, the spatial distribution of seasonal rainfall is 
critically examined for finding the role of these three main 
features. The role of off-shore trough in producing a 
particular type of spatial distribution of rainfall could not 
be established for the period of 1960-98 due to 
unavailability of good quality data for locating this 
system. However, it has been seen that spatial distribution 
of rainfall during 1961, 1965, 1966 and 1994 have 
affected by formation, intensification, movement, life 
period, etc. of monsoon disturbances and intensities of 
monsoon trough during the season. During 1961 and 
1994, the number of days of monsoon trough were very 
high (113 days, 75 days) and active compared with all 
other  years  of study  except in 1997 and 1975. In 1975 &  
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Figs. 8(a&b). Same as Figs. 7(a&b) but for (a) 1966 and  (b) 1994 
 
 
1997, the actual monsoon trough days were 76 and 84 
respectively which were higher than 1994.  The number of  

monsoon disturbance days was very less during 1997 
compared to 1994 and hence could not affect spatial 
distribution of ISMR during 1997 as was in 1994. In 1975, 
though almost equally higher number of monsoon 
disturbances days (94) was seen compared with 1994, 
only five monsoon disturbances have moved to northwest 
India after forming over Bay during 1975, while 9 such 
monsoon disturbances have moved during 1994. 
Similarly, except comparable number of actual monsoon 
trough days during 1983 with 1994, though monsoon 
disturbance days in 1983 was also higher than in 1961 and 
1994, these disturbances during 1983 were having very 
less west ward movement. Hence these disturbances 
during 1983 gave rainfall over the Bay during most of the 
days by persisting over the same area without entering 
into the land along the monsoon trough compared to 1961 
and 1994. Hence during 1975 and 1983, the spatial 
distribution of ISMR was not as varied as in 1961 and 
1994. Due to long west ward movement of higher number 
of monsoon disturbances along the monsoon trough which 
is also active for higher days during 1961 & 1994, a large 
belt of excess rainfall activities were observed during both 
years around area through which monsoon trough 
normally passes.  In contrast, during 1965 and 1966, 
actual monsoon trough days  were of very lower value  
(18  days,  52 days) and weak compared with all other 
years of study except bad rainfall years of 1986, 1987 and 
1991, when though monsoon trough days are less, number 
of monsoon disturbances days were more. Similarly, 
analysis from characteristics of monsoon disturbances for 
these contrasting years show that cyclogenesis over Bay 
was very weak, monsoon disturbances days were very less 
(52 and 41 days respectively) and these disturbances were 
having very less westwards movements during 1965 and 
1966 compared with all other years of study. These 
regional features during 1965 & 1966 are just of reversed 
characteristics compared with their characteristics in 1961 
and 1994.  
 
 

Figs. 7 and 8 show sub-division wise spatial 
distribution of ISMR in 1961, 1965, 1966 and 1994. Due 
to the above contrasting characteristics of monsoon 
disturbances and monsoon trough during these years, a 
large area covered by deficient rainfall are seen from 
Orissa on east coast of India to Rajasthan in the north-
west India during 1965 and 1966 in Figs. 8(b) and 7(a) 
and vice versa in Fig. 8(a) and Fig.7(b) for 1961 and 1994 
respectively. It may be noted that normally this is the 
region of monsoon trough and over this region, monsoon 
disturbances pass. So variation of characteristics (e.g. 
formations, movements, life period etc.) of monsoon 
disturbances and intensity of monsoon trough from day to 
day in the season are the most important components of 
synoptic and semi-permanent features of monsoon which 
can affect spatial variation of ISMR significantly.  
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TABLE 4 
 

CCs of synoptic and semi-permanent features and  
Nino-3 SST with ISMR 

 
Parameters CC with ISMR 
Duration of monsoon  over the whole of India 0.68 

Monsoon disturbance days 0.7 

Actual monsoon trough days 0.84 
SST in Nino-3 region -0.49 

 
7.  CCs of synoptic and semi-permanent features and 

SST of Nino-3 region with ISMR  
 

To make quantitative representations and to 
understand the most important feature favourable for 
ISMR, the CCs of all these parameters and Nino-3 SST 
with ISMR have been computed and given in Table 4. 
Interestingly, the highest CC has been obtained between 
ISMR and the actual monsoon trough days followed by 
monsoon disturbances days. Hence, Table 4 also confirms 
results of our comparative study done in section 4 that 
synoptic and semi-permanent features e.g., characteristics 
of monsoon trough and monsoon disturbances and 
duration of monsoon may help in producing 
normal/excess rainfall over India during some years of El-
Nino events and flood in the absence of La-Nina. Whether 
these regional features are the effect of El-Nino or other 
slowly boundary conditions e.g., snow cover over Eurasia, 
northern hemispheric surface temperature etc. or 
independent of El-Nino, remains a challenging question, 
which is beyond the scope of the present study. 
 
8.  Conclusions 
 

This study leads to following main conclusions ; 
 
(i) The duration of monsoon over the whole of India are 
found to be higher (less) during most of the flood 
(drought) years particularly in the years of flood without 
La-Nina (drought without El-Nino). 
 
(ii) It is seen that the monsoon trough was established 
early and stayed for more number of days at it’s 
favourable position and the number of monsoon 
disturbance days were higher during the second year of 
El-Nino double event in 1982-83 and El-Nino single 
events of 1976 and 1997 when ISMR was normal.  The 
same synoptic and semi-permanent features were also 
found to be responsible for flood in the absence of  La-
Nina over Pacific ocean  in 1961 & 1994.  
 
(iii) Establishment of Tibetan anticyclone and it’s 
position as seen from operational data seem to indicate its 
association with occurrence of drought (flood) with or 
without El-Nino (La-Nina). 

(iv) The importance of the same synoptic and semi-
permanent features in ISMR has been studied for 1961 
which had the highest rainfall during the period of study 
1960 to 1998. The present study shows number of days of 
monsoon trough and intense monsoon disturbances were 
the highest and also the duration of monsoon was the 
longest during 1961 compared to other years.  
 
(v) This study also shows that the number of monsoon 
disturbances days and monsoon trough are the most 
important components of monsoon which affect the spatial 
variation of ISMR. Statistical analysis shows that ISMR 
has the highest CC with the actual monsoon trough days 
followed by monsoon disturbances days and then duration 
of monsoon, Nino-3 SST in that order.  
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