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lkj & Hkkjro"kZ esa o"kZ 2004 dh xzh"e ekulwu _rq ds nkSjku gqbZ dqy o"kkZ lkekU; ls 13 izfr’kr de 
FkhA blds iwoZ o"kZ 2002 esa Hkkjr dks nwljh fodV ifjfLFkfr dk lkeuk djuk iM+k tc cM+s iSekus ij lw[kk 
iM+k Fkk vkSj laiw.kZ Hkkjr esa o"kkZ lkekU; ls 19 izfr’kr de gqbZ FkhA bl ’kks/k Ik= esa geus nksuksa gh ekulwu 
_rqvksa ds izs{k.kksa dh egRoiw.kZ fo’ks"krkvksa dh la{ksi esa rqyuk fHkUu fo’ks"krkvksa dk irk yxkus ds fy, dh gSA 
bu rqyukvksa ls vusd leku rFkk fojks/kh fo’ks"krkvksa dk irk pyrk gSA ;|fi nksukas gh ekulwu _rqvksa esa o"kkZ 
dh deh Fkh] dsjy esa ekulwu dh o"kkZ vkjaHk gksus dh frfFk;k¡ ;k rks lkekU; frfFk ls igys ;k mlds utnhd 
FkhaA ekulwu o"kkZ dk e/; Hkkjr rd c<+uk Hkh nksuksa gh ekulwu _rqvksa esa lkekU; FkkA tcfd twu ds nkSjku 
Hkkjrh; xzh"edkyhu ekulwu o"kkZ ¼vkbZ- ,l- ,e- vkj-½ vPNh FkhA nksuksa gh o"kksZa esa tqykbZ esa ekulwu ds vkxs 
c<+us dh vof/k ds nkSjku dqN yEcs varjky laiw.kZ Hkkjr esa ekulwu ds lfØ; gksus esa vizR;kf’kr foyac ds 
dkj.k cusA ;|fi nksuksa gh ekulwu _rqvksa esa tqykbZ ekg esa cgqr gh de o"kkZ gqbZ Fkh ysfdu o"kZ 2002 dh 
Hkkjrh; xzh"edkyhu ekulwu o"kkZ vc rd ds iqjkus fjdkMksaZ dh U;wure FkhA o"kZ 2002 esa ,d Hkh vonkc ugha 
cuk tcfd o"kZ 2004 esa mudh vkof̀Rr lkekU; ds vk/ks ls de FkhA fgUn egklkxj vkSj iz’kkUr egklkxj {ks= 
dh leqnzh rFkk ok;qeaMyh; n’kkvksa dh ekfld vfu;ferrkvksa dh vU; fLFkfr;ksa dk ,yfuuksa dh fLFkfr;ksa 
lfgr foLrr̀ fo’ys"k.k djus ls irk pyrk gS fd bulks ¼b- ,u- ,l- vks-½ rFkk Hkwe/; js[kh; fgUn egklkxj 
nksyu vFkok bD;wuw ds dkj.k tqykbZ 2002 esa lw[kk iM+k Fkk ijUrq tqykbZ 2004 ds lw[ks dk dkj.k ;g ugha 
FkkA bldk dkj.k tqykbZ 2002 dh vc rd dh iqjkus fjdkMkZsa dh U;wure Hkkjrh; xzh"edkyhu ekulwu o"kkZ 
¼vkbZ- ,l- ,e- vkj-½ dh fLFkfr;ksa lfgr mRrjh if’peh iz’kkar egklkxj {ks= esa cgqr gh rhoz xfr ds VkbQwu 
dk cuuk rFkk mldk lkekU; laogu ls vf/kd rhoz xfr ls nqckjk eqM+uk gS] o"kZ 2004 esa tqykbZ esa Hkkjrh; 
xzh"edkyhu o"kkZ de gksus dk dkj.k fojks/kh ifjfLFkfr;k¡ Fkha ftldk laca/k dqN VkbQwu cuus rFkk de laogu 
ls FkkA o"kZ 2002 esa Hkh Hkkjrh; {ks= ,dne okdj ifjlapj.k ds voryu {ks= ds varxZr vk x;k Fkk ftldk 
;g foLrkj if’peh iz’kkar egklkxj {ks= ds blh _rq ds o"kZ 2004 ds foLrkj ds foijhr FkkA ml le; fd, 
x, v/;;u ls irk pyk Fkk fd ml voryu dk foLrkj if’peh iz’kkar egklkxj ds foLrr̀ {ks= rFkk mlls 
yxs Hkkjrh; {ks= nksuksa esa gh FkkA   

 
ABSTRACT. The rainfall over India as a whole during the summer monsoon season of 2004 was deficient with         

–13% below normal. Earlier in 2002, India has faced another worst situation when large-scale drought occurred and all 
India rainfall was below –19%. In the present study, we have compared briefly salient observational features of both the 
monsoons to find out their distinct characteristics. Comparisons show appearance of many similar as well as contrasting 
features. Though, both seasons were deficient, their dates of onset of monsoon over Kerala were either before or near the 
normal date. Progress up to central India was also normal in both the seasons. While Indian Summer Monsoon Rainfall 
(ISMR) during June was good, a few longest stagnation periods during advancing stage in July of both the years made 
unexpected delay of monsoon in covering entire India. Rainfall of July also suffered the most in both the seasons with a 
record lowest ISMR in 2002. Not a single depression formed in 2002 while in 2004, their frequency was less than half of 
normal. Analysis of other large-scale monthly anomalous ocean and atmospheric conditions over Indo-Pacific region 
including El-Nino conditions confirms that ENSO and Equatorial Indian Ocean Oscillation or EQUINOO have caused 
drought in July 2002, but not in July 2004. This is because very high typhoon formation and their recurvature with 
significantly higher than normal convection over northwest Pacific associated with record lowest ISMR in July, 2002 in 
contrast to occurrence of deficient ISMR in July 2004 which was associated with few typhoon formation and less 
convection. Also in 2002, Indian region was happened to fall exactly under the subsidence branch of Walker circulation 
with ascending branch over the western Pacific in the season in contrast to 2004, when subsidence was observed to be 
both over large part of western Pacific and adjoining Indian region. 

 
Key words  –  Indian Summer Monsoon Rainfall (ISMR), Synoptic and semi-permanent systems, Drought,              

El-Nino, OLR anomalies, EQUINOO. 
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1.  Introduction 
 

Monsoon rainfall is central to India's agriculture, 
hydrological projects/power sectors etc. and thus provides 
livelihood to 65% of the population of the country. Any 
significant short fall in this rainfall results severe 
socioeconomic impacts on their daily life. Sometimes, it 
may force many rural poor people to migrate to cities for 
getting a better livelihood. Hence, when drought prevails 
over any parts of India, government initiates many 
schemes including food for work for solving partially its 
impacts. The occurrence of deficient monsoon of 2004 
after the drought of 2002 was heavy burden on economy. 
The drought in 2002 saw food grains production and gross 
domestic product fall by nearly 18% and 2% respectively 
as compared to the previous year. Recurrence of sub-dued 
rainfall in the monsoon 2004 have further pulled down its 
growth rate when India was struggling to get higher 
growth rate as with other countries. Both events were also 
unanticipated until July end in respective years. These 
have naturally led to a lot of concern and speculation 
about causes of these frequent failures of monsoon in 
recent years. 
 

Rainfall over India as a whole during the summer 
monsoon season of 2002 and 2004 was –19% and –13% 
below normal respectively. The respective rainfall was        
–31% and –13% in the first half with highest deficiency of 
–52% and –19% in July month in both years. It is well 
known that the monsoon behaviour of each year is unique. 
It manifests itself in a variety of ways in its advance or 
withdrawal phase and even during the season itself. There 
is a rich spectrum of variation in circulation and rainfall 
patterns experienced during the season at intraseasonal 
time scale (Rao, 1976, Jenamani, 2001, Kalsi et al., 2004, 
etc.). However, these variations are sometimes random 
and finally constitute the typical variability of Indian 
Summer Monsoon Rainfall (ISMR) that appears to be 
distributed normally in interannual time scale with few 
extreme seasons (Gadgil et al., 2002).  
 

In the present study, first, abnormal characteristics of 
advance and stagnation of both “deficient monsoon of 
2004” and “drought 2002” have been discussed briefly 
with a comparison to earlier deficient years. We have also 
discussed and compared characteristics of temporal and 
spatial variation of their rainfall followed by analysis of 
their important synoptic systems, semi-permanent systems 
and regional circulation anomaly. Then, we have studied 
possible causes of deficient rainfall during both years with 
special emphasis to July month by considering impact of 
middle latitude westerly or blocking high (Raman and 
Rao, 1981) and ENSO (Rasmusson and Karpenter, 1983). 
Possible role of Southern Hemispheric Equatorial Trough 
or SHET and Equatorial Indian Ocean Oscillation or 
EQUINOO and typhoon formation over Pacific in causing  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figs. 1(a&b).  The progress of monsoon (a) 2002 and (b) 2004 
(Hatching area indicates area of stagnation of 
monsoon) 

 
deficient rainfall in both the monsoons has also been 
studied (De et al., 1995, Sikka and Gadgil, 1980, Gadgil  
et al., 2003 and Kalsi et al., 2004). With occurrence of 
two deficient monsoons very recently, we have also 
computed 21-year running Correlation Coefficients (CC) 
of ISMR with SST anomalies of four Nino regions of 
equatorial  Pacific,  such  as  Nino 4, Nino 3.4, Nino 3 and 
Nino 1+2, SOI, with updated data to understand how these  
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Fig. 2.   11-years running correlation coefficients( CC) of ISMR with duration of total number of days 
monsoon stays over India and total stagnation days 

 
 
climatic parameters have been able to control the 
monsoon rainfall as found earlier by various authors.  
 
2.  Data and methodology  
 

Onset and withdrawal dates of monsoon, monthly 
frequencies   of  cyclonic  storms  and  depressions  during 
monsoon season over Indian region, weekly, seasonal and 
monthly area weighted rainfall, both sub-division wise 
and India as a whole were collected from IMD. The 
duration of monsoon were taken as the time span between 
the date of full coverage along India and the date at which 
monsoon withdrawal commence. Stagnation dates were 
obtained from Desai and Kulkarni (2001). For calculation 
of monsoon disturbance days and break monsoon days of 
earlier years, “India Daily Weather Report” and “Weekly 
Weather Report” published by IMD, Pune and 
Ramamurthy (1969), were considered. We have referred 
Jenamani and Desai (1999) while updating data of the 
total days of disturbances and break monsoon dates to 
keep the continuity. Daily weather charts were used for 
studying characteristics of the monsoon trough. NCEP 
analysis data are used for studying the seasonal mean 
characteristics (position and intensity) of other semi- 
permanent systems like Tibetan anticyclone, heat low, 
etc., characteristics of large scale circulation and out going 
long wave radiation anomalies,  SST of Indo - Pacific 
region and El-Nino characteristics of 1950-2004.  
 
3.  Observational features of monsoon 2004 and 2002 
 

3.1.  Advance and stagnation  
 

The onset of the southwest monsoon over Kerala in 
2002 was on 29 May, while in 2004, it was on 18 May 

with 3 days and 14 days earlier than its normal date of 1 
June respectively [Figs. 1(a&b)]. No intense low pressure 
system was present as onset vortex in 2002, other than the 
off-shore trough along the west coast. However in 2004, 
except the off-shore trough, a severe cyclonic storm was 
present as onset vortex. Figs. 1(a&b) also show that 
though further progress of monsoon up to central India 
could be possible within the normal dates in both seasons, 
monsoon covered entire India later than the normal date 
with record late in 2002. It may be noted that no 
significant rainfall has been recorded over the region of 
extreme northwest India during this advance phases of 
monsoon in both the years. Also, both monsoons had three 
hiatus each with stagnation of 7 days or more in its 
northern limit (Fig. 1), before it covered the entire 
country. These are from 13-19 June, 5-18 July and 20 
July-14 August in 2002 and from 23-31 May, 19 June-     
4 July and 9-17 July in 2004. It shows that both monsoons 
have experienced once in each year the prolonged 
stagnation of 15 days. Its comparison with stagnation data 
since 1960 shows that it has occurred 6-times in the past 
during 1968, 1969, 1982, 1986, 1991, 1995 and 2002. To 
find whether occurrences of such longer duration hiatuses 
as happened in 2004 and 2002, have any relationship with 
seasonal rainfall, we have also compared their respective 
ISMR. It shows 7 times out of these 8 years, were drought 
or near drought and hence chance of occurrence of such 
prolonged stagnation in any year has probability of 86% to 
become deficient in the end of the season. 

 
It may be noted that monsoon covered the entire 

India in 2002, on 15th August, 31 days later than normal, 
while in 2004, it covered on 18th July, 3 days later than 
normal date. The monsoon in 2002 started withdrawing 
from India on 16 September around the normal date  while  
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Fig. 3.  Week by week cumulative rainfall departure over India for monsoon 2002 and 2004 by 
considering weeks of monsoon, 1st week ends on 9th (12th) of June and last week end on               
25 (29) September, for 2002 (2004) 

 
 
in 2004, it was on 24 September.  We have also computed 
CC of ISMR with duration of monsoon and total 
stagnation days along with their 11-years running CC in 
Fig. 2 to find the trend. Their CC for total period have 
been found as 0.7 and –0.5 respectively with former CC is 
stable through out data period while later CC has been 
showing significant strengthening from –0.2 in 1960s to         
–0.8 till recent. Such observed trend in later case is mainly 
due to the date of covering of monsoon the entire India 
later than the normal followed by less ISMR for season as 
whole, in some recent years. 
 

3.2.  Temporal and spatial characteristics of rainfall 
distribution in 2004 and 2002  

 
It is interesting to note that the deficiency occurred 

mainly in July for both the years. In 2004, ISMR 
departure in July was –19%, while in June, it was –2% 
and in 2002, when more intense drought had occurred, 
these were –52% and 4 % respectively. In fact July 2002 
has lowest ever ISMR in the history of monsoon rainfall 
record since 1871. ISMR was –4%, –10%, –5% and          
–29% in August and September of 2002 and 2004 
respectively. Monthly ISMR distribution of earlier 
drought years e.g., 1951, 1965, 1972, 1982 and 1987 
shows occurrence of such less rainfall in all months while 
normal ISMR occurred in June of recent 2 drought years. 
It also shows in June, India has been continued to get 
good rains in many years since 1975 while in July, it has 
been received less rainfall in these years. Table 1 shows 
that  in  the  past  133  years,  there  have been 24 deficient  

TABLE  1 
 

ISMR in % departure during deficient rainfall years  
for the period 1871-2004 

 
Years of 
monsoon 

ISMR 
departure 

Years of 
monsoon 

ISMR 
departure 

1873 -12.8 1965 -18.2 

1877 -41.4 1966 -13.2 

1899 -29.4 1968 -10.3 

1901 -13.1 1972 -23.9 

1904 -11.8 1974 -12 

1905 -17.4 1979 -18.9 

1907 -10 1982 -14.5 

1911 -14.7 1986 -12.7 

1913 -10 1987 -19.4 

1918 -24.9 2002 -19 

1920 -16.7 2004 -13 

1941 -13.3   

1951 -18.7   
 
monsoon years. It also shows the frequency of droughts 
has varied on the decadal time scale e.g., 9 droughts 
occurred in 1965-1987, while no drought occurred in 
1921-1940, 1952-1964 and in recent 1988-2001. 
 

It may be noted that spatial rainfall distribution over 
the country in day to day of June and July is most crucial 
for farmers since it is the time of sowing or transplantation  
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Figs. 4(a&b).  Anomalies and 11-years running means of (a) frequency of low pressure areas and  
(b) total monsoon disturbance days for the period 1889-2002 

 
 
 
of different crops. Timely rainfall distribution over an area 
is necessary for a good harvest. However, in the  monsoon 
seasons of 2002 and 2004, many prolonged dry spells 
have been observed. For this, we have also shown in          
Fig. 3 week by week variation of rainfalls for both 2002 
and 2004 over India as a whole. It shows that season of 
2004 has started with very good rainfall spell till the end 
of 3rd  week ( 26th June ) with cumulative ISMR departure 
as + 20 %, where as 2nd week ISMR had highest departure 
of +52%. In 2002, though rainfall in first 2 weeks were 

little sub-dued, cumulative ISMR departure was + 7 % by 
the end of 23 June due to very good rainfall in that week 
when weekly ISMR was +30%. But subsequently, rainfall 
was deteriorated in both years in all weeks till end of July. 
In 2002, cumulative weekly ISMR departures in June-July 
were much sub-dued compared to 2004. This is because in 
2004, departure was less than –50% only for one week 
ending on 2 July, while in 2002, such significant below 
normal ISMR was for 3 weeks ending on 7th, 14th and 28th 
July.  By  end of  July,  both cumulative ISMR were –13%  
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TABLE 2 
 

Characteristics of semi-permanent systems in 2002 and 2004 
 

                     June                                                                                            July 

Semi-permanent 
systems 

June 2002 June 2004 July 2002 July 2004 

Heat low 0  to –1 hPa 1 to 2 hPa 1 to  2 hPa 2 hPa 
Monsoon trough Established 

on 8 June 
Established on 

14 June 
Gradually shifted northwards from 1 July. 
Lay  at foot hills of Himalayas from 5-13 

July & 20-28 July 

Western end at foot hills during most of 
the days Lay at the hills 8-12 July and   

16-18 July 
Mascarene high +1 hPa 4 - 6 hPa Very weak (-3 to –7 hPa) Weak(-1 to –2 hPa) 
Tibetean anticyclone 
(200 hPa) 

25° N / 90°E 
(normal) 

Stronger than 
normal 

25° N / 90° E 
Weaker than 

normal 

28° N / 90° E 
(much south of normal position) 

Intensity- much weaker  than normal with 
anomalous cyclonic circulation at               

30° N / 110° E 

28° N / 90° E 
Intensity- much weaker  than normal with 

anomalous Cyclonic circulation at              
35° N / 110° E 

 
                                   August                                                                                                        September 

Semi-permanent 
systems 

August 2002 August 2004 September 2002 September 2004 

Heat low -1 to –2  hPa 0-1 hPa 1 hPa 1 hPa 
Monsoon trough At foot hills 27- 28 

August 
Very weak in last weak at foot hills                   

26-31 August 
Very weak Very weak 

Mascarene high 3 to 4 hPa 1-2 hPa 1 hPa Weak (-2 to –3 hPa) 
Tibetean anticyclone 
(200 hPa) 

30° N / 80° E (south 
west of normal position) 
Intensity- little stronger 

28° N / 80° E (south west of normal position) 
Normal but with anomalous Cyclonic 

circulation at western part of ridge 

20° N / 90° E (south of 
normal position)  

intensity-little stronger 

27° N / 90° E 
stronger 

then normal 
 
 
 
 
 
and –31% respectively. In August (Fig. 3), because of 
good rainfall for a few weeks, cumulative ISMR in 2002 
and 2004 improved to –7% and –20% respectively.  
 
 

In September 2002, occurrence of few normal spells 
resulted season to end  in –19% while in 2004, occurrence 
of very much sub-dued rainfall in subsequent weeks with 
weekly  ISMR less than –50% in the ending of 4th and 11th 
of September further deteriorated the seasonal cumulative 
ISMR departure value to –13 % in the end of season. In 
fact, monthly ISMR was –29% due to occurrence of such 
bad spells in September 2004 which is very much less 
than September 2002 when monthly ISMR was –10%. 
 

We have also compared spatial distribution of 
seasonal rainfall in meteorological sub-divisions for both 
2002 and 2004. In 2002, situation was worst as only 15 
out of 36 meteorological sub-divisions, received normal to 
excess rainfall. Out of the remaining 21 sub-divisions, 
only both east and west Rajasthan are in the scanty 
category and remaining 19 sub-divisions are in the 
deficient category. However in 2004, 23 out of 36 
meteorological sub-divisions, received normal to excess 

rainfall while remaining 13 sub-divisions are in the 
deficient category with not a single one in the scanty 
category. The number of sub-divisions which had severe / 
moderate drought in 2002 is 12 (Kalsi et al., 2004). No 
sub-division received severe drought in 2004 while 
moderate drought are observed only over west Rajasthan 
(–39%), west Uttar Pradesh (–35%), Punjab (–45%) and 
Himachal Pradesh (–46%). The whole region of 
northwestern and peninsular India are affected by large 
rainfall deficiency in 2002 while in 2004, only extreme 
parts of northwest India, coastal Karnataka and Kerala 
received deficient rainfall. In fact, higher rainfall in 2004 
compared to 2002 rainfall over peninsular India has 
helped in reducing the deficiency to –13% at the end of 
the season. Quantitative comparison between both years 
shows rainfall departures in monsoon 2004 over many 
sub-divisions were higher than 2002 except Himachal 
Pradesh, Jammu and Kashmir, Jharkhand and Vidarbha 
which have been received rainfall of –20 %  or less in 
2004 compared to monsoon 2002. In 2002, 29% area of 
the country was under drought with 10% area under 
severe drought and 19% under moderate drought while in 
2004, 19% area was under moderate drought with no area 
having severe drought. 
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TABLE 3 
 

Comparison of SST anomalies over different sectors of equatorial Pacific 
 

Years Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

      Nino 4       

1972 -0.60 0.08 0.06 0.53 0.70 0.53 0.63 0.43 0.45 0.82 0.94 0.84 

1979 0.31 0.08 0.34 0.10 0.07 0.08 -0.06 -0.12 0.20 0.07 0.31 0.46 

1982 0.10 0.15 0.30 0.52 0.80 1.07 0.73 0.53 0.65 0.87 0.75 0.80 

1987 0.82 0.87 0.93 0.81 0.56 0.84 0.82 0.90 1.00 1.10 1.32 1.09 

2002 0.61 0.70 0.57 0.69 0.76 0.94 0.84 0.89 0.93 1.05 1.35 1.14 

2004 0.70 0.60 0.30 0.30 0.50 0.50 0.81 0.09 1.10 1.10 1.20 1.10 

      Nino 3.4       

1972 -0.64 -0.21 -0.06 0.41 0.67 0.80 1.07 1.41 1.31 1.77 2.11 2.11 

1979 0.02 -0.01 0.46 0.21 0.12 0.22 -0.26 -0.44 0.95 0.26 0.37 0.54 

1982 0.24 0.00 0.06 0.35 0.85 1.21 1.00 1.20 1.56 2.03 2.30 2.71 

1987 1.43 1.32 1.33 1.13 1.06 1.49 1.70 1.85 1.84 1.46 1.48 1.10 

2002 0.02 0.25 0.18 0.27 0.46 0.89 0.88 1.06 1.28 1.44 1.76 1.59 

2004 0.20 0.20 -0.10 0.20 0.30 0.30 0.59 0.80 0.80 0.80 0.80 0.80 

      Nino 1+2       

1972 0.24 0.97 1.02 1.02 1.36 2.05 2.39 2.56 1.71 1.81 1.89 2.05 

1979 0.39 -0.14 -0.03 0.06 -0.02 0.48 0.50 0.49 0.89 0.86 0.69 0.61 

1982 -0.09 -0.35 -1.08 -0.83 -0.18 0.08 0.79 1.04 1.39 2.19 3.08 3.49 

1987 0.92 1.30 1.72 1.84 1.43 1.25 1.10 1.02 1.04 1.64 1.12 0.83 

2002 -0.74 0.22 1.24 1.20 0.65 -0.14 -0.67 -0.77 -0.52 0.41 0.74 0.80 

2004 0.10 -0.20 -0.50 -0.20 -1.30 -1.40 -1.05 -1.20 -0.40 0.00 0.30 0.10 

 
 
 
4.  Possible causes 
 

4.1.  Impacts of lack of formation of monsoon 
disturbances and their movement  

 
In monsoon 2004, only 3 depressions formed against 

climatological normal of 7 - 8 during the whole monsoon 
season (Jenamani, 2004) while in 2002, for the first time 
in history of IMD, no Cyclonic Storm or Depression 
formed. In fact, such tendency of formation of depression 
less than normal is a part of general decreasing trend of 
formation of depressions which has started since 1960s 
and detected by Jenamani and Dash (2001) and Singh 
(2001). Dash et al. (2004) studied the main cause of such 
decreasing trend and found that various atmospheric 
dynamical parameters in the head Bay of Bengal at 
various levels which were favouring for intensification of 
lows to depressions before start of this trend are becoming 
some how unfavourable during recent years. One may ask 
then how ISMR became normal consecutive for 13 years 

in the period 1988-2001, though this period falls in the 
decreasing trend of depressions. 
 

This could be possible as in the absence of 
depressions; very high number of lows with their presence 
over India for longer duration are formed during these 
years (Jenamani, 2004). One may note formation of this 
higher frequency of lows from the study of 11-years 
running means of seasonal frequency anomalies of those 
lows and their total life period for the period 1889-2004 in 
Figs. 4(a&b) respectively which shows that their number, 
has increased significantly from 1970 onwards. However, 
if total number of monsoon disturbances is considered 
then not much decadal change of these systems have been 
occurred (Jenamani and Dash, 2001). Hence such increase 
of number of lows and total monsoon disturbances days in 
recent years are mainly responsible to make possible 
compensation of ISMR after 1970s in place of country 
used to get from depressions before 1970s. During both 
2002  and  2004,  however  nearly  normal  number  i.e.,  8  
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Figs. 5(a&b). Circulation anomalies of (a) 850 hPa July 2002 and (b) 850 hPa July 2004 
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Figs. 5(c&d). Circulation anomalies of  (c) 200 hPa July 2002 and (d) 200 hPa July 2004 

 
 
 
low-pressure areas/well marked low-pressure areas 
formed along with few feeble lows and hence during both 
years, not many lows were formed to make possible 
compensation of ISMR as was earlier years. In 2002, most 
of these low-pressure areas were also short lived and this 
is the reason why total number of disturbance days in         

Fig. 4(b) in 2002 was very less. But in 2004, some 
monsoon disturbances lasted very long, 2 depressions 
which formed over east coast of India were having life 
period of around 11 days each. Total monsoon disturbance 
days were also 62 days in 2004 compared to 35 days in 
2002. Hence, formation of few depressions and longer life 
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period of monsoon disturbance are the main synoptic 
reason why ISMR deficiency in 2004 was not as less          
as 2002.  
 

4.2. Unfavourable semi-permanent systems and 
circulation patterns 

 
Semi-permanent systems are foremost components 

of monsoon. A close monitoring of these systems 
particularly Tibetan anticyclone and monsoon trough may 
give some early indication of drought (Jenamani and 
Desai, 1999). Their late establishment may results drought 
while their early establishment may results normal or 
excess at the end of the season. Month-wise characteristics 
of semi-permanent systems except low level jet and 
tropical easterly jet for both 2002 and 2004 are given in 
Table 2. Table 2 shows in June, except Mascarene high, 
remaining semi-permanent systems were week in 2004 
compared to 2002.  
 

It may be noted that monthly ISMR of June 2004 
was less than that of June 2002. It is further interesting to 
note that in July of both 2002 and 2004, all of these 
systems were highly unfavourable. Pressure anomalies 
over Heat low area were higher than normal during both 
July while below normal over Mascarene high area, which 
shows both semi-permanent systems were unfavourable 
during these two years. The highest pressure anomalies 
were in July 2002 over Mascarene high area. Monsoon 
trough was either week or lay at foothills of Himalayas in 
most of the days in July in both years. During drought 
2002, two prolonged break spells occurred in July. If total 
number of days of break monsoon of July 2002, is 
compared with earlier years for whole period of 1889-
2004 (Jenamani and Dash, 2005 and Ramamurthy, 1969), 
then July 2002, had longest break monsoon spell with 18 
days in 116 years data. The earlier longest spells were in 
1910 and 1918 with 17 days spells each and during both 
years, July ISMR were very much below normal having 
deficiency around –48% like July ISMR of 2002 drought. 
But in July 2004, except two shorter duration spells of 
total 8 days as noted in Table 2, eastern end of the trough 
lay over head Bay in most of the days. This is also one of 
the causes why ISMR departure in 2002 in the first half 
was much less compared to 2004.  
 

Table 2 also shows Tibetan anticyclone was also not 
favourable in July during both years as it was south of the 
normal position and very week. However, in August, 
except occurrence of shorter period breaks in both the 
season, all of these semi-permanent systems again became 
favourable. In September, none of these systems were 
favourable except Mascarene high in 2004. Because of the 
occurrence of break in August last week (Table 2), 
monsoon trough could not get re-established and hence 

became less marked early in September in both years. 
Such incidents of occurring of break monsoon towards 
August end which have resulted deficient monsoon at the 
end of season have been studied by Jenamani and 
Thapliyal (1999). 
 

Figs.  5(a&b) and Figs. 5 (c&d) show circulation 
anomalies of 850 and 200 hPa over Indo-Pacific region 
respectively for both July of 2002 and 2004.  In July of 
both years at 850 hPa [Figs. 5(a&b)], the low level jet or 
cross equatorial flow in the Arabian Sea was extremely 
weak as northeasterly anomalies were observed from 
Kerala coast towards Somali coast suggesting weaker 
southwesterly flow over the Arabian Sea and hence low 
level jet was very weak. Figs.  5(a&b) also shows that 
over the main land of Indo-Gangetic plains, easterlies 
were very weak in both July as strong westerly anomalies 
were observed over the region from an anomalous 
anticyclone centered at 25° N / 75° E over Gujarat region 
of northwest India and ridge is passing through the region 
instead of monsoon trough through the same position. The 
main difference between July of these two years is 
prevailing of northerly or northwesterly winds over Bay of 
Bengal in 2002, which while in 2004, these winds are 
easterlies. In former case, since winds are mostly 
northerly which is an out flow from the anticyclone 
centered over central India, hence all along east coast, 
winds were from land and hence mostly dry while in latter 
case, wind anomalies along east coast of India are easterly 
having origination from sea and hence moist due to which 
one may note from spatial distribution of rainfall that 
southeastern peninsular India and all sub-division along 
east coast received normal rainfall in July of 2004 instead 
deficient rain over these areas as was the case in                 
July 2002.  
 

In Figs. 5(c&d), as noted earlier from Table 2, the 
upper air Tibetan anticyclone in July at 200 hPa was south 
(by about 5° in both 2002 and 2004) of its normal position 
and was very weak. The anticyclone was so weak that an 
east west trough was replaced the sub-tropical ridge over 
the same area in anomalous flow pattern and was found 
roughly along 35° N and 38° N respectively at 200 hPa in 
2002 and 2004 respectively. Also, instead of two 
anomalous sub-tropical anticyclones at both end of the 
ridge which happens normally in high rainfall years, two 
anomalous cyclonic circulations are observed at both the 
ends of anomalous trough in both the July of 2002 and 
2004. The western one centered around 40° N / 60° E in 
both years while the eastern end centered around 50° N / 
105° E in 2002 and 50° N / 95° E in 2004. The tropical 
easterly jet in both anomalies shows that it was also 
weaker than normal as stronger westerly anomalies (5m/s 
to 10 m/s) were observed over southeastern Arabian Sea 
off Kerala coast at 200 hPa.  
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Figs. 6(a&b).  21-year running correlation coefficients (CC) (a) between ISMR and SST anomalies 
values in monsoon season over Nino 4, Nino 3, Nino 3.4 and Nino 1+2 region for the 
period 1950-2002 and (b) between ISMR and SOI for the period 1950-2002 

 
 
 
 
4.3.  Impact of mid-latitude westerlies in July 2004 

and 2002 
 

In July [Figs. 5(c&d)] at 200 hPa, strong westerly 
anomaly  around ∼10m/s to 15 m/s were observed 
respectively during both July 2002 and 2004 at upper 
troposphere over northwestern India in association with 
strong anomalous cyclonic circulation centered at 40° N / 
60° E during both years. Further, presence of an 

anomalous anticyclone centered on 50° N / 105° E and the 
other one centered near 50° N / 95° E in both July shows 
intense blocking high was present in respective July. 
Hence middle–latitude effect is one of the causes for sub-
dued rainfall in both July (Ramana and Rao, 1981). In 
daily weather charts, penetration of such stronger mid-
latitude westerlies in July in intraseasonal scale due to 
presence of stronger blocking high in the north of the 
region during both years were observed. 
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TABLE 4 
 

Comparison of characteristics of other Indo-Pacific features between July 2002 and 2004 
 

Year Vel. Potential in 
106 m2s-1 

Western/Central 
Pacific 

 

Vel. Potential in 
106 m2s-1      

Indian      
Region 

Number of 
tropical Storms/ 
days in North 
west Pacific 

OLR anomalies 
over North west 

Pacific in         
Wm-2 

 

Pressure 
anomalies over 

North west 
Pacific in hPa 

CPOLR 
in          

Wm-2 

OLR anomalies 
In Western 
EQIO in         

Wm-2 

OLR anomali-
es in Eastern 

EQIO in        
Wm-2 

Zonal winds 
anomalies 
EQIO in        

m/s 

2002 -4 7 7/51(two 
continued from 
previous month) 

 

-10 to -20 -3 to -4 -10 >20 <-20 8-11 for 27 
days 

2004 4 1 1/11(two 
continued from 
previous month) 

10 to 20 1-2 10-30 20 0-10 8-11 for 8 
days 

 
 
 
 
4.4.  Impact of ENSO and Equatorial Indian Ocean 

Oscillation (EQUINOO) 
 

El-Nino-Southern Oscillation (ENSO) strongly 
influences ISMR (Walker, 1924; Rasmusson and 
Carpenter, 1983; Keladis and Diaz, 1989 and Mooley and 
Paolino, 1989) However, ISMR became normal in 1997 
even though, it was the year when most intense El-Nino of 
the last century prevailed. Later study by Krishna Kumar 
et al., (1999) have found that such relationship is not 
stable and having a secular variation with epoch of 
strong/weak correlation coefficients (CC) with time. With 
the occurrence of two deficient monsoons in 2002 and 
2004, it is necessary to find latest trend of their CC with 
updated data. Fig. 6(a) shows the 21-years running CC of 
ISMR with SST anomalies of different sectors of 
equatorial Pacific region. It shows weakening of CCs have 
been started in the beginning of 1980 for all Nino regions 
and continued till 1990. However, it recovered in the last 
few years for all sectors except Nino 1+2. In case of Nino 
1+2, the CC has continued to be weakened un-interruptly 
since 1980 and become insignificant at present. The 
comparison of latest 21-year CCs shows that highest CC 
observed between ISMR and Nino 3.4 followed by Nino 4 
and Nino 3. CC of ISMR with SOI plotted in Fig. 6(b) 
also shows though it was weakened similarly from the 
1980; it recovered in 1990 like CC with Nino 3.4. 
 

We have also listed monthly SST anomalies over 
different Nino regions for latest six drought years in  
Table 3. It shows that except 1979, anomalies in El-Nino 
years before 2002, were higher than normal in all regions 
in the monsoon season confirming dominant role of El-
Nino in causing drought over India in these years. The El-
Nino of drought 2002 and in 2004 showed an anomalous 
behavior in that it was weakened over Nino 1+2 or the 
area east off Peru coast during monsoon season but 
strengthened over western and central Pacific Ocean. One 

can also confirm this by considering intensity of SST 
anomalies from Table 3. It shows that though, SST of 
Nino 4 in 2002 was warmer by .5° C compared to 2004 
before July, SST anomalies in remaining months became 
same with anomalies 1 to 1.5° C in both the years. 
However, SST in Nino 3.4 in 2002 remained warmer by 
0.5° C to 1° C compared to 2004 from June till December. 
In Nino 1+2, while all other deficient years are 
accompanied with warm SST anomalies over this region 
in monsoon, it is interesting to note persistence cooling in 
all months of monsoon of 2002 and 2004 with highest 
cooling of –1° C or more in June-August 2004. Monthly 
SOI data also shows though its values were negative 
during both years from June onwards, their values were 
with in –0.5 hPa in monsoon 2004 which are very less 
while in 2002 their negative values were stronger with 
values varying between –1 to –2.5 hPa. 
 

The dominant classical mechanism through which 
El-Nino interacts with monsoon circulation and caused 
drought over India is by shifting of rising branch of 
Walker circulation towards central/eastern Pacific from its 
normal position of Indian region due to which 
significantly higher than normal convection occurred over 
the former region and the later region became deficient. 
To confirm whether ENSO has been affected ISMR 
through such mechanism in July 2002 and 2004, we have 
studied velocity potential and divergence anomalies at  
200 hPa, OLR anomalies, frequency of typhoon, 
circulation and surface pressure anomalies over Indo-
Pacific region for July 2002 and 2004. We have 
summarized their basic difference in Table 4. It shows 
presence of negative velocity potential anomalies with 
contour values upto –4 to –6 in July 2002 over Central 
Pacific with +7 over peninsular India in contrast to values 
of 4 and 0-1 in the respective regions in July 2004. Hence 
in 2002, raising branch of Walker circulation had shifted 
towards  central/eastern  Pacific  from  its  normal position  
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Figs. 7(a&b). OLR anomalies in Wm-2 over Indo-Pacific region (a) July 2002 and (b) July 2004 
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with descending branch over Indian region while this did 
not happen in 2004. Subsequently, this is confirmed by the 
presence of corresponding significant below normal OLR 
anomalies, surface pressure anomalies and very higher 
number of typhoon and their days in July 2002 compared 
to July 2004 in Table 4. Hence, the shifting of such east-
west Walker circulation was more predominantly seen in 
2002 compared to 2004 in both intensity field and spatial 
extent. Also the daily analysis of cloud pictures from 
INSAT shows the whole cloud system from equatorial 
Indian Ocean had a tendency to move towards 
northwestern Pacific Ocean during the month of July 2002 
but not in the month of July 2004. Hence, though role of 
El-Nino has been considered as a main cause in 2002 
drought, there are no clear signal from comparison in 
Tables 3 and 4, on the basis of which we can attribute        
the cause of deficient rainfall during 2004 as an effect of 
El-Nino. 

 
The study by Gadgil et al. (2003) for earlier extreme 

years shows that drought/flood over India are associated 
with either ENSO or EQUINOO or both. They have 
considered OLR anomalies over central Pacific (averaged 
over 160° E - 150° W, 5° S - 5° N) i.e., CPOLR to 
represent ENSO and OLR anomalies/zonal wind 
anomalies over equatorial Indian Ocean to represent 
EQUINOO over Indian Ocean. It has also been stated that 
if drought/flood occurs due to later mechanism then a see-
saw type of OLR anomalies are observed between the 
western and eastern equatorial Indian Ocean regions. To 
find whether CPOLR and EQUINOO is responsible for 
occurrence of deficient ISMR in the monsoon of 2004 as 
it was found by Gadgil et al. (2003) for earlier drought 
years including 2002, we have referred OLR anomalies of 
July over these regions from Fig. 7 and evolution of 
equatorial zonal wind anomalies over Indian Ocean with 
longitude from April till July for both 2002 and 2004 
(Zonal wind anomalies figure has not been given because 
of want of space). Main differences between them are also 
listed in Table 4 for easy comparison. Since CPOLR was 
having negative OLR anomalies in July 2002 as in         
Fig. 7(a) and correspondingly from Table 4 while few 
contours of positive OLR anomalies of order of 10-30 
Wm-2 was also observed over the same region in July 
2004 as in Fig. 7(b). Hence, we also do not find any effect 
of CPOLR anomalies on ISMR in July, 2004 like it was 
found before for 2002 as an effect of ENSO. 
 

From OLR pattern prevailed in Fig. 7(a) and 
correspondingly from Table 4, one may note in July 2002, 
EQUINOO mechanism was played equally strong role 
like ENSO in causing deficient ISMR because very high 
positive OLR anomalies over the western parts of 
equatorial Indian Ocean with the contour order up to        
35 Wm-2 has been observed against to the high negative 

OLR anomalies of -30 Wm-2 at its east. But, no such 
contrast anomalous OLR pattern was observed in July 
2004 [Fig. 7(b)]. Rather, the high negative OLR anomalies 
are observed far from equator, which is over southeastern 
tropical Indian Ocean off northwest Australia. 
 

Comparison of evolution of equatorial zonal wind 
anomalies from their Homoholer diagrams show 
prevailing of strong westerly anomalies dominating most 
parts of equatorial Indian Ocean in the first half of 2002 
compared to that of 2004 for the same period. During 
June-July 2002, highest anomalies were occurred at two 
occasions. The first one was observed in 80° E - 95° E 
during 25th June - 10th July and the second one was in        
70° E - 98° E during 10th – 20th July with both of their 
values reaching up to 8-11 m/s while in 2004, such 
anomalies were observed only once during 30th June - 8th 
July confined to 85° E - 95° E. Hence, EQUINOO has not 
been played any significant role in causing deficient 
ISMR in 2004 as was for ISMR of 2002. 
 
5.  Conclusion  
 

Though monsoon advanced on 18 May over Kerala 
in 2004 which is much earlier than 2002 when advance 
was on 29 May, further progress up to central India were 
within normal dates in both seasons. While ISMR in 
respective June was good, occurrence of few longest 
stagnations resulted very long delay in their further 
advance and thus dates of monsoon covering entire India 
were 18 July in 2004, 3 days later than normal and 15th 
August, in 2002 with a record delay. July suffered the 
most in both the seasons with a record lowest ISMR in 
2002. Both the July have prolonged break monsoon with 
longest record break monsoon/ dry spells in 2002. Both 
seasons were unanticipated until July end in respective 
years.  
 
 

Not a single depression formed for the first time in 
the history in 2002 while their frequency was less than 
half of normal in 2004. Though, such less number of 
depressions formation have been a part of their decreasing 
climatic trend in decadal time scale which have been 
going on since 1970, not more number of lows were 
formed in 2002 and 2004 as was happening in earlier 
normal ISMR years to compensate the shortage in rainfall 
arising due to absence of depressions. Most of these lows 
were also quite feeble, short lived and followed shorter 
tracks. 
 

Results show intraseasonal features developed in 
both the season were highly unfavourable leading to 
deficient ISMR including semi-permanent features. Day to 
day analysis of circulation and OLR anomalies over Indo-
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Pacific region shows though, most of the dry spells were 
also associated with occurrence of SHET or EQUINOO in 
2002, but no such strong interaction was found in 2004. 
Study also shows very high typhoon formation and their 
recurvature with significantly higher than normal 
convection over northwest Pacific are associated with 
record lowest ISMR in July, 2002 in contrast to 
occurrence of deficient ISMR in July, 2004 which has 
been associated with few typhoon formation and less 
convection. Similarly in July, 2002, Indian region was 
under the subsidence branch of Walker circulation with 
ascending branch over the western Pacific. In contrast to 
July 2004, when subsidence was over large part of 
western Pacific and adjoining Indian region. In 1997, 
ISMR escaped the effect of intense El-Nino of century 
during the season because of Indian region did not happen 
to fall in such subsidence region as had happened in July 
2004. Hence, though role of El-Nino and Equatorial 
Indian Ocean Oscillation or EQUINOO have been 
considered as the main cause in drought of 2002, there is 
no clear signal on the basis of which we can attribute the 
cause of deficient ISMR in the monsoon of 2004 as an 
effect of ENSO OR EQUINOO or both as established by 
Gadgil et al., (2003) for other earlier drought/flood years. 
However, study of monthly regional circulation features 
and day to day evolution of components of synoptic and 
semi-permanent systems shows that lack of day to day 
development of favourable regional intraseasonal features 
e.g. monsoon disturbances and semi-permanent systems, 
presence of very weak low level jet, penetration of strong 
mid-latitude westerlies etc. during monsoon months are 
main possible causes resulting deficient ISMR in both 
seasons of 2002 and 2004 as established by Jenamani and 
Dash (2005) for other earlier drought/flood years 
associated with ENSO or without ENSO. Incidentally, 
occurrence of both the deficient monsoons over India 
were coincided with nearly same oceanic conditions over 
the Pacific i.e., warming of +.5° C to + 1.3° C over central 
and western Pacific with cooling of -0.7° C to -1.5° C 
over Eastern equatorial Pacific Ocean which were never 
observed before when ISMR was deficient in the history 
of recorded data. 
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