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lkj & bl 'kks/k&i= easa 110 o"kksZa ¼1890&1999½ ds vk¡dMksa dh lgk;rk ls Hkkjrh; {ks=ksa esa fuEu nkc 
{ks= vkSj pØokrh; rwQku tSls ekulwu fo{kksHkksa dh vko`fr vkSj vof/k esa n’kdh; vkSj dkfyd ifjorZu dk 
v/;;u fd;k x;k gSA 110 o"kksZa dh vof/k ds nkSjku mudh fdlh Hkh vko`fr ds le; jSf[kdh; izo`fr esa 
?kV@c<+ ugha gksrh ns[kh xbZ gSA rFkkfi ekulwu ds fofHkUu fo{kksHkksa ds nkSjku n’kdh; vko`frrkvksa vFkok 
vof/k;ksa esa dkfyd jSf[kdh; izo`fr;ksa esa ?kV@c<+ ns[kh xbZ gSA gky gh esa lekIr gq, 1990 ls 1999 rd ds 
n’kd rd vonkcksa dh n’kdh; vko`fr;k¡] pØokrh rwQku vkSj vonkc 1970&79 ls de gks jgs gSaA o"kZ 
1970&79 ds n’kd dh rqyuk esa gky gh ds n’kd esa vonkcksa vksj pØokrh; rwQkuksa dh dqy la[;k ds vk/ks 
ls Hkh de vonkc vkSj pØokrh; rwQku cus gSaA ogha nwljh vkSj tc 1960 ls 1969 ds n’kd ds nkSjku cus 
fuEu nkc {ks=ksa dh la[;k nksxquh ls vf/kd gksrh gS] 1960 ls ysdj 1969  ds n’kd ls ysdj gky gh ds n’kd 
rd fuEu nkc {ks=ksa dh dqy la[;k esa fo’ks"k :Ik ls c<+ksrjh gks jgh gSA 

 
p¡wfd Hkkjrh; xzh"edkyhu ekulwu o"kkZ lkekU; ls de vkSj lkekU; voLFkkvksa ls Åij varjn’kdh; 

fofo/krk Hkh n’kkZrh gS] vr% fofHkUu ekulwu fo{kksHkksa dh ckjEckjrkvksa esa fofo/krk vkSj mudh dqy vof/k;ksa dh 
leku le;Øe dh tk¡p] Hkkjrh; xzh"edkyhu ekulwu dh varn’kdh; ifjorZu’khyrk ds lkFk muds laca/k dk 
irk yxkus ds fy, dh xbZ gSA 1890 ls ysdj 1999 rd dh vof/k ds n’kdh; rFkk nl o"kZ ds izHkkoh 
lglaca/k xq.kkad ds vk/kkj ij bu laca/kksa ds LFkkf;Ro vkSj nh?kZdkfyd izÑfr dh tk¡p Hkh dh xbZ gSA Hkkjrh; 
xzh"edkyhu ekulwu o"kkZ ds var% n’kdh; fofo/krk ds lkFk mudh ckjEckjrkvksa dh n’kdh; folaxfr ds laca/k 
esa ;g irk pyrk gS fd Hkkjrh; xzh"edkyhu ekulwu o"kkZ lkekU;  ls vf/kd o"kkZ ds nkSjku vonkc vkSj 
pØokrh; rwQku dh la[;k lkekU; ls vf/kd gksrh gSs vkSj Hkkjrh; xzh"edkyhu ekulwu o"kkZ ds  nkSjku o"kkZ 
ds lkekU;  ls de jgus okys n’kdksa ds nkSjku ;g la[;k de gksrh gSA fuEu n+kc {ks=ksa dh la[;k blls Bhd 
foijhr gksrh gSA Hkkjrh; xzh"edkyhu ekulwu o"kkZ ,oa fofHkUu ekulwu fo{kksHkksa vkSj ekulwu ds fo{kksHk okys 
dqy fnuksa ds chp n’kdh; vkSj nl o"kksZasZa ds nh?kZdkfyd lglaca) xq.kkad ¼lh-lh-½ ls xzh"edkyhu ekulwu o"kkZ 
ds lkFk var% n’kdh; le; eku esa muds laca/kksa esa Li"V :Ik ls dkfyd ifjorZu dk irk pyrk gSA vr% bl 
v/;;u ls ;g irk pyrk gS fd lg laca/k xq.kkad dh nh?kZdkfyd fofo/krk u dsoy Hkkjrh; xzh"edkyhu 
ekulwu o"kkZ vkSj Hkkjrh; xzh"edkyhu ekulwu o"kkZ ds nh?kZdkfyd iwokZuqeku esa iz;qDr gksus okys fofHkUu {ks=h; 
vkSj fo’oLrjh; izkpyksa ds chp gksrh gS cfYd Hkkjrh; xzh"edkyhu ekulwu o"kkZ vkSj mldh eq[; flukWfIVd 
fo’ks"krkvksa tSls fd ekulwu  fo{kksHkksa ds chp Hkh gksrh gSA 

 
ABSTRACT.  Decadal and epochal variation of frequency and duration of monsoon disturbances like low pressure 

areas (lows), depressions and Cyclonic Storms (CS) over Indian region are studied by using 110 years (1890-1999) data. 
No linearly decreasing/increasing trend is observed during 110 years period in any of their frequencies. However, epochal 
linearly decreasing/increasing trends are noticed in decadal frequencies or duration of different monsoon disturbances. 
Decadal frequencies of depressions, CS and depressions are decreasing from 1970-79, till recently ended decade of 1990-
99. During recent decade, less than half of the total number of depressions and CS are formed compared with 1970-79. 
On the other hand, total number of lows are increasing significantly from 1960-69 to recent decade, when more than 
double the number of lows of 1960-69 are formed.  

 
Since Indian Summer Monsoon Rainfall (ISMR) also shows interdecadal variation of below normal and above 

normal phases, variation of frequencies of different monsoon disturbances and their total durations are also examined in 
similar time scale to understand their relationship with interdecadal variation of ISMR. Stability and secular nature of 
these relationships are also examined based on their decadal and 10-year moving Correlation Coefficients (CC) for the 
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period 1890-1999. Relationship of decadal anomaly of their frequencies with interdecadal variation of ISMR shows that 
number of depressions and CS, are higher than the normal during the above normal ISMR decades and less during the 
below normal decades of ISMR. Reverse is true for the number of lows. The decadal and 10-years moving CC between 
ISMR and frequencies of different monsoon disturbances and total monsoon disturbance days clearly show epochal 
variation of their relationship in interdecadal time scale with ISMR. Hence present study shows that secular variation of 
CC not only exists between ISMR and its various regional and global parameters used in long range forecast of ISMR but 
also between ISMR and its main synoptic features e.g., monsoon disturbances.  

 
Key words  Cyclonic storms, Depressions, Lows and ISMR.  
 

 
 
1. Introduction  
 

Monsoon disturbances such as low pressure areas 
(lows), depressions and cyclonic storms (CS) which 
generally form over the Bay of Bengal and move 
westwards or westnorthwestwards along monsoon trough 
over Indian region, produce large amounts of rainfall 
(Rao, 1976). Meteorologists, both in India and abroad, 
have been trying to look into various aspects of these 
monsoon disturbances such as their intensification. 
structure, associated instabilities, westward movement, 
dissipation and their relation to Indian summer monsoon 
rainfall (ISMR). Mooley and Shukla (1989a) have studied 
96 years of data (1888-1983) and found a good positive 
correlation with ISMR. Jenamani and Desai (1999) have 
studied influence of these monsoon disturbances on ISMR 
for 1987-96 and found that years of good ISMR are 
having higher number of such disturbance days compared 
with other years.  

 
Thapliyal and Kulshrestha (1991) were first to 

indicate by quantitative analysis of past hundred years of 
data that ISMR has alternate epochs of above normal and 
below normal rainfall phases of unequal period. This is an 
important characteristic found by analysing 11-year 
running means of ISMR. In interdecadal time scale, 
similar results were also reported by many other authors 
(Parthasarathy et al., 1994; Thapliyal, 1997; Webster        
et al., 1998; Krishnamurthy and Goswami, 1998).  

 
Updating the earlier series of ISMR, decadal means 

of ISMR have been prepared for past 110 years (1890-
1999) and percentage departure of ISMR from normal are 
shown in Fig. 1. It is seen from the figure that ISMR was 
in below normal rainfall phases continuously for three 
decades in two epochs (i.e., from 1900-09 to 1920-29 and 
1960-69 to 1980-89) while it was in above normal phase 
continuously for three decades in one epoch  (i.e., 1930-39 
to 1950-59). In the recent decade 1990-99, the ISMR 
appears to have entered in the above normal rainfall 
epoch. It is interesting to note that epochal pattern 
appeared towards the end of the last century.  

 
Considering these decadal and epochal patterns an 

attempt is made here to study the interdecadal variation of 

frequencies of CS, depressions and lows and their 
durations in monsoon season over Indian region. To find 
out their trends and epochal variations and also variation 
of their relationship with ISMR, a detailed study has been 
carried out by using their decadal values. In addition, 
quantitative measures of relationship of ISMR with 
frequency of various monsoon disturbances and their total 
monsoon disturbance days have been carried out by 
analyzing their decadal correlations and decadal running 
correlation coefficients.  
 
2. Data  
 

Frequency of the number of CS (includes intensity of 
CS and above) and depressions for monsoon season over 
Indian region for the period 1890-1990, are collected from 
the “Tracks of depressions and storms in the Bay of 
Bengal and Arabian Sea” published by India 
Meteorological Department (IMD) (1979) and IMD 
(1996). Similar data for recent years (1991-99) are 
collected from India daily weather report and Monsoon 
Summaries prepared by the Office of the Deputy Director 
General of Meteorology (Weather Forecasting), IMD, 
Pune. However, for finding frequency of lows which are 
relatively weakly 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 and Shukla (1987) is Indian Daily Weather 
Report for the period 1888-1983 published by IMD. This 
report is till now still remained as a very regular and 
standard publication for documenting details of all 
synoptic systems passing through or forming over Indian 
region. Surface charts with isobaric analysis of 0300 UTC 
for Indian region are also available in this daily IMD 
report and while finalizing the frequency or tracks of lows 
from these IMD source, respective authors have followed 
a stringent method. Details of such method are available 
in this report of Mooley and Shukla (1987) published by 
COLA  USA  and  subsequently  in an article published in  
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Fig. 1. Interdecadal variation of ISMR % departure from normal 

 
 
 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2.  Interdecadal variation of number (No.) of monsoon disturbances over India (CS, Depressions, 
CS + Depressions) 

 
 
 
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. Jenamani 

and Desai (1999) have also followed similar method while 
presenting their details statistics for 1987-1997. Present 
authors have followed such method while updating similar 
data from 1983 available in Mooley and Shukla (1987) to 
1999 by going through different IMD publication as 
referred before to keep the homogeneity in the data set 
available   with  Mooley  & Shukla (1987)  particularly for  
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Fig. 3.  Interdecadal variation of number (No.) of monsoon disturbances over India                    

(CS, Depressions, CS + Depressions) and  their anomalies 

 
 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4.  Interdecadal variation of number (No.) of monsoon disturbances over India                                    
(lows, lows + Depressions + CS ) 

 
 
 
data related to frequency of lows and their durations. 
Hence the decadal frequency of different monsoon 
disturbances particularly CS and depressions found in the 
present study may differ significantly from other authors 
results  e.g., Singh (2001 & 2003) published before.  

3. Methodology  
 

First, frequencies of different monsoon disturbances 
namely CS,  depressions  and  lows together or separately 
are computed year wise. Total duration of these systems is 
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also determined. For all these systems, decadal 
frequencies are calculated in the decadal time scale, which 
has been used for ISMR in Fig. 1. This has been done to 
facilitate comparison with ISMR decadal variation and 
also to study the relationship in different epochs of ISMR 
(i.e., above and below normal rainfall epoch). From         
Fig. 1, it is seen that the 1st  decade (1890-1899) is 
characterized by above normal ISMR. Then the 2nd  
decade (1900-09), 3rd  decade (1910-19) and 4th decade 
(1920-29) are characterized by below normal ISMR. The 
5th decade (1930-39), 6th  decade (1940-49) and 7th  
decade (1950-59) are characterized by above normal 
ISMR.  The  8th   decade  (1960-69), 9th  decade (1970-79) 
and 10th  decade (1980-89) are characterized by below 
normal ISMR. Finally in the last 11th  decade (1990-99), 
the ISMR is found as above norma1. These decadal time 
scales are strictly followed in the present study for 
determining the epochal variation of characteristics of 
monsoon disturbances (frequency and duration) in decadal 
time scale along with their relationship with ISMR. 
Attempt is also made to study the pattern in relationship in 
interdecadal time scale during past 110 years (1890-1999). 
Association of frequencies of different monsoon 
disturbances and total monsoon disturbance days variation 
with ISMR are also studied by analysing decadal and 10 
years running correlation coefficients. For this purpose, 
Thapliyal’s (1997) updated series (as % departure from 
normal) of ISMR during 1890-1999 are used.  

 
 

4. Decadal and epochal trends in frequency of 
monsoon disturbances  
 
4.1.  Frequency of CS and depressions  
 
Decadal frequencies of CS, depressions and 

depressions and CS together are shown in Fig. 2. 
Anomalies of decadal frequencies of CS, depressions and 
CS together are shown in Fig. 3. On examining both the 
figures, no linearly decreasing/increasing trend is 
observed for the frequencies of these systems during 110 
years. However, epochal linearly decreasing/increasing 
trends are noticed in all the 3 categories.  

 
From Fig. 2, number of CS is maximum (26) in 1st  

decade (1890-99) and minimum (5) in 10th  decade (1980-
89). Decreasing trend in number of CS is noticed from 1st  
decade (1890-99) to 4th  decade (1920-29) when their 
frequencies have decreased from 26 to 19. In subsequent 
4th decades (5th  to 8th), which covers 40 years period from 
1930 to 1969, their frequencies again decreased from 24 
to 10. However, the decreasing trend is more during the 
last 3rd decades because number of CS has been decreased 
from 20 during 9th  decade (1970-79) to 5 in 10th  decade 
(1980-89) and 6 in 11th decade (1990-99). Abrupt 

increasing tendency of number of CS is seen twice in the 
period. The first abrupt change is from fourth decade 
(1920-29) to 5th decade (1930-39) with significant 
increase of their number from 19 to 24. The second abrupt 
change is from 8th decade (1960-69) to 9th decade (1970-
79) with significant increase of their numbers from 10 to 
20. Similar pattern of variations is noted when anomalies 
of these different systems are studied from Fig. 3.  
 

Number of depressions (Fig. 2) is maximum (69) in 
the 6th  decade (1940-49) and minimum (26) in 11th  
decade (1990-99). Number of depressions also decreases 
initially from 1st decade (51) to 3rd  decade (31) and then 
no regular trend is observed upto 7th  decade. Afterwards 
it decreased from 8th decade (64) till presently ended 11th  
decade (26). But such decrease from the 10th  decade to 
the present decade is very much high (55 to 26). During 
present decade, only 26 monsoon depressions are formed 
which is half the number in the earlier decade.  
 

Number of CS and depressions together (Fig. 2) 
show almost similar decadal variation as have been 
reported above for CS and depressions separately. These 
two systems together have the highest decadal frequencies 
(90) during 6th decade (1940-49) and lowest frequencies 
(32) in the 11th  decade. Fig. 2 also shows that decadal 
frequencies of CS and depressions have been decreased 
from 78 in 9th decade to 32 in the 11th decade which is less 
than half of the frequencies of 9th decade.  On the basis of 
decadal variation of ISMR, it is found that 6th  decade 
(1940-49) was above normal ISMR decade when highest 
number of intense disturbances formed.  
 
 

4.2.  Frequency of lows, depressions and CS  
 

Figs. 4 and 5 shows decadal variation of number of 
lows alone and the total number of lows, depressions and 
CS and their anomalies respectively. None of their decadal 
frequencies shows linearly increasing/decreasing trend 
throughout past 110 years period. However, epochal 
linearly decreasing/increasing trends are noticed. From 
Fig. 4, frequency of lows is maximum (105) in 11th  
decade (1990-99) when minimum number of CS and 
depressions has formed. Minimum frequencies of lows 
(41) is noted in 5th  decade (1930-39). Number of lows has 
decreased from 78 in the 2nd decade to 41 in the 5th decade 
and then almost an increasing trend is found till 11th  
decade. In this decade, their frequencies reached to 105, 
the highest during the entire 11 decades. During 5th  
decade (1930-39), the lowest number of lows (41) are 
formed, although the decadal ISMR is higher than normal. 
From Fig. 4 the total no. of lows, depressions and CS 
together has the highest frequencies of 143 in the 10th 
decade and lowest frequency of 115 in the 3rd decade. 
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Fig.  5. Interdecadal variation of number (No.) of monsoon disturbances over India (lows, lows + 

Depressions + CS ) and their anomalies 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
Fig.  6.  Interdecadal variations of total number of monsoon disturbance days 

 
 

 
5. Decadal and epochal trends in number of 

monsoon disturbance days  
 

Figs. 6 and 7 shows interdecadal variation of total 
number of days of monsoon disturbances and their 
anomalies respectively. None of their decadal frequencies 

shows linearly increasing/decreasing trend throughout past 
110 years period. The highest number of disturbance days 
(705) is found in the 10th  decade (1980-89) and the lowest 
number of days (494) is found in 3rd  decade (1910-19) 
and 5th  decade (1930-39). The decadal number of days 
only has been fallen from 1st decade (642) to 3rd decade 
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Fig. 7.  Interdecadal variations of total number of monsoon disturbance days and their anomalies 
 
 
 
 

 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 8.  Decadal CC for the period 1890-1999 (total 11 decades) between seasonal anomaly of ISMR 

and anomalous frequencies of CS and depressions and between seasonal anomaly of ISMR 
and anomalous frequencies of lows 
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Fig. 9.  Decadal CC for the period 1890-1999 (total 11 decades) between seasonal anomaly of ISMR and total monsoon disturbance 
days anomaly 

 
 
 

 (494) and increased from 7th  decade (505) to 10th  decade 
(705).  

 
6. Association with ISMR anomaly  

 
6.1.  Number of different monsoon disturbances and 

ISMR anomaly  
 
Comparison of decadal anomalies of frequencies of 

CS (Fig. 3) and ISMR (Fig. 1) shows that out of 5 above 
normal   ISMR  decades   (i.e., 1st,  5th,  6th,  7th  and   11th), 
3 decades (i.e., 1st  5th  and 6th) are having above normal 
frequencies of CS while out of 6 below normal ISMR 
decades (i.e., 2nd, 3rd, 4th, 8th , 9th  and 10th ), only 1 decade 
(i.e., 9th) is having little above normal CS. Thus, analysis 
shows that more number of CS is formed in above normal 
ISMR. Similarly comparison of decadal anomalies of 
frequencies of depressions (Fig. 3) and ISMR anomalies 
(Fig. 1) shows out of 5 above normal ISMR decades, only 

1 decade (i.e., 11th) is having significantly below normal 
frequencies of depressions while out of 6 below normal 
ISMR, only 2 decades (2nd and 3rd) are having 
significantly below normal frequencies of depressions. 
The analysis shows that more number of depressions like 
in case of CS are also formed in above normal ISMR.  

 
Comparison of decadal variation of ISMR anomalies 

(Fig. 1) with frequency of monsoon depressions and CS 
anomalies together (Fig. 3) shows that out of 5 above 
normal ISMR decades, only 4 decades (i.e., 1st, 5th, 6th and 
7th) except the recent one of 1990-99 are having above 
normal frequencies of CS and depressions together while 
out of 6 below normal ISMR, only 3 decades (i.e., 2nd, 3rd 

and 10th) are having significantly below normal 
frequencies of CS and depressions. Thus, more number of 
intense monsoon disturbances (depressions and CS) has 
formed during the above normal phases of ISMR. It has 
been observed  that  the number of CS and depressions  
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Fig. 10.  CC in 10 year moving window for the period 1890-1999 between seasonal anomaly of ISMR and anomalous frequencies of 
CS and depressions and between seasonal anomaly of ISMR and anomalous frequencies of lows 

 
 
 
 
together (32) is lowest during recent 11th  decade (1990-
99) amongst all the 11 decades, though decadal ISMR is 
in above normal during this decade. This is a unique 
feature and is being examined separately.  

 
 
Comparison of decadal variation of ISMR anomalies 

(Fig. 1) with frequency of lows anomalies (Fig. 5)         
shows out of 5 above normal ISMR decades, 4 decades 
(i.e., 1st, 5th, 6th  and 7th  decade) except the recent         
11th  decade (1990-99) are having significantly below 
normal frequencies of lows while out of 6 below normal 
ISMR, only 1 decade (i.e., 8th) is having significantly 
below normal frequencies of lows. So during the above 
normal rainfall decade, normally more number of 
depressions and CS and relatively less number of lows 
form i.e., more number of systems intensify into 
depression during the above normal ISMR decades. But in 
the present decade, record lowest and highest number of 
depressions and CS, lows are formed respectively.  

  

Comparison of decadal variation of ISMR anomalies 
(Fig. 1) with frequency of number of days anomalies  
(Fig. 7) shows out of 5 and 6 above normal and below 
normal ISMR decades respectively as mentioned earlier,  
3 decades (i.e., 5th to 7th) and 4 decades (i.e.,  2nd  to 4th  
and 8th) respectively are having below normal number of 
monsoon disturbances days. Hence, it is very difficult to 
conclude whether below normal ISMR decades have 
above normal number of monsoon disturbance days or 
vice-versa. 

6.2.  Number of days of monsoon disturbances and 
ISMR anomaly  

 

 
7. Quantitative measures of relationship with ISMR 

anomaly  
 

Out of different monsoon systems and duration in 
days as mentioned earlier, decadal correlation coefficient 
(CC)  of  ISMR  anomaly  have  been calculated only with  
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Fig. 11.   CC in 10 year moving window for the period 1890-1999 between seasonal anomaly of ISMR and total monsoon disturbance 
days anomaly 

 
 
 
 
 
anomalous frequency of intense monsoon systems (CS 
and Depressions), lows and their total days separately. 
Fig. 8 shows decadal correlations between ISMR anomaly 
with total number of lows, CS and depressions anomalies, 
and Fig. 9 shows decadal correlations between ISMR 
anomaly with total number monsoon disturbance day’s 
anomalies. None of their decadal correlations shows 
linearly increasing/decreasing trend throughout past 110 
years period. However, epochal linearly decreasing/ 
increasing trends of their CC are interesting to note. In 
Fig. 8, the highest correlation (0.61) between CS and 
depressions and ISMR anomaly is found in 8th  decade 
(1960-69) and lowest correlation (-0.21) is found in 6th 
decade (1940-49). The highest correlation (0.61) between 
lows and ISMR anomaly is found in 10th decade (1980-
89) and lowest correlation (-0.45) is found in 1st  decade 
(1890-99). In Fig. 9, the highest correlation (0.61) 
between total disturbances days anomaly and ISMR 
anomaly is found in 8th decade (1960-69) and lowest 
correlation (-0.07) is found in 2nd decade (1900-09) and 4th  
decade (1920-29). In case of  CS  and  depressions          
(Fig. 8), decadal decreasing trends of their CC with ISMR 

are continuously observed thrice in total 110 years and 
these trends are from 1st  to 3rd, 4th  to 6th  and 8th  to 10th  
decades while in case of lows, decadal increasing trends 
of their CC with ISMR are continuously observed twice in 
total 110 years. These trends are from 1st to 6th decade 
which was observed for a longer period and from 7th to 
10th decade with presence of highest and lowest CC at 1st 
decade and at the 10th decade respectively. In case of total 
disturbance days (Fig. 9), decadal increasing trend of their 
CC with ISMR is observed only once from 4th  decade 
(1920-29) to 8th  decade (1960-69) continuously when 
their correlation values increased significantly from the 
lowest value of –0.07 to the highest value of 0.61. CCs 
have also been calculated between frequency of intense 
monsoon systems (CS and depressions), lows and their 
total days with ISMR separately for the whole period of 
110 years and their values are 0.11, 0.05 and 0.25. This 
shows that only monsoon disturbance days have 
significantly higher CC with ISMR amongst all 
irrespective of their decadal/epochal changes. Average 
correlations from 5 above normal and 6 below normal 
ISMR decades shows that CC between total disturbances 



 
 
           RAJENDRA KUMAR et al. : DECADAL & EPOCHAL VARIATIONS OF MONSOON DISTURBANCES     407 

days anomaly and ISMR anomaly are 0.39 for above 
normal decades of ISMR and 0.27 for below normal 
decades of ISMR respectively. It shows that monsoon 
disturbance days have high correlation with ISMR in 
above normal ISMR decades. However, it is interesting to 
note that correlations are of much lower values in first 
phase (average is 0.05) of 3 below normal ISMR decades 
(2nd decade to 4th decade) compared to 2nd phase (average 
is 0.53) of below normal decades (8th decade to 10th 
decade) while not such much change of value of 
correlations are found in case of above normal ISMR 
decades.  
 

Fig. 10 shows decadal correlations between ISMR 
anomaly and frequency of CS and depressions and lows 
and Fig. 11 shows decadal correlations between ISMR 
anomaly monsoon disturbance day’s anomalies in a 10 
years moving window in the interannual time scale. It is 
seen from these figures that these correlations undergoes 
secular variation in interdecadal time scale like correlation 
of SOI and NINO 3 SST with ISMR. The figure also 
shows variation of all of their CCs in magnitude and sign 
in their 10 years moving CCs. In case of CS and 
depressions (Fig. 10) the highest correlation around 0.70 
is found at beginning and around 1960s with lowest 
correlation in start of last century and 1940s with value         
–0.50. In case of lows, the highest correlation around 0.80 
is found around 1970s with lowest correlation in 1890s 
and 1930s with value –0.50.  In case of total disturbances 
days (Fig. 11), the highest correlation around 0.80 is 
found at beginning and end of the period with lowest 
correlation in start of last century with value –0.60. In 
recent years, (Figs. 10 & 11) ISMR has high CC with 
disturbances days followed by CC with number of lows 
and then with number of CS and depressions. Thapliyal 
(1997) has shown similar secular variation of CC between 
ISMR and its various regional and global parameters used 
in its long range forecast. Hence present study shows 
secular variations of CC not only exists between ISMR 
and its various regional and global parameters used in its 
long range forecast but also exists between ISMR and its 
main concurrent synoptic components e.g., different 
monsoon systems.  

 

In 110 years of data, the 6th decade (1940-49) has 
highest number of depressions and CS and 5th  decade 
(1930-39) has lowest number of lows while the last 
decade (1990-99) has lowest number of depressions and 
CS and highest number of lows. It is interesting to note 
that the most recent decade i.e., 1990-99 is having highest 
lows and also lowest depressions and CS. The highest 
number of disturbance days or duration (705 days) is seen 
in the decade of 1980-89 and the lowest number of 

durations (494 days) is seen during 1910-19 & 1930-39. 
None of their decadal frequencies shows linearly 
increasing/decreasing trends during 110 years period. 
However, epochal linearly increasing/decreasing trends 
are noticed. Frequencies of depressions and CS have 
decreased considerably since 9th  decade of 1970-79. Less 
than half the total number of depressions and CS is 
formed in the recent 11th  decade (1990-99) compared 
with the 9th  decade (1970-79). However, frequencies of 
lows shows that their interdecadal number, have been 
increased significantly from 8th  decade (1960-69) to 
recent decade when more than double the number of lows 
and the record highest number of lows are formed. 
Though statistically not tested, the study of relationship of 
decadal anomaly of their frequencies with interdecadal 
variation of ISMR shows that number of depressions and 
CS, are higher than the normal during the above normal 
ISMR decades and less during the below normal decades 
of ISMR. Reverse is true for the number of lows. 
However, systems during the present above normal 
decade of ISMR, are not of same characteristics as 
systems formed in earlier above normal and below normal 
phases of ISMR. Few intense disturbances are formed 
with record highest number of lows in recent decade even 
though it falls in the decade of above normal ISMR. The 
decadal and 10 years moving CC between ISMR and 
frequencies of different monsoon disturbance and total 
monsoon disturbance days clearly show secular variation 
of their relationship in interdecadal time scale like CC of 
SOI, NINO 3 SST, etc. with ISMR. In recent years, ISMR 
has high CC with disturbance days followed by number of 
lows and then with number of CS and  depressions. The 
study also shows that monsoon disturbance days have 
high correlation with ISMR in above normal ISMR 
decades compared to below normal ISMR decades. Hence 
present study shows secular variations of CC not only 
exists between ISMR and its various regional and global 
parameters used in its long range forecast but also 
between ISMR and its main synoptic components e.g. 
different monsoon systems as we discussed.  

 
8. Conclusions  
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