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ABSTRACT. India experienced severe drought in the year 2062 14 consecutive years of good monsoon. On
the monthly time scale, July had the worst rairifathe recorded history of monsoon dating backigdle of nineteenth
century when the country as a whole registeredathiseficiency of 51.5%. Another notable featurasithat for the first
time in the last 133 years, not a single depressiayclonic storm formed during the whole southwasnsoon season.
The advance of monsoon over India was accompanitd frequent as well as prolonged stagnations. ffio@soon
failed to arrive for the first time in extreme rfostest India during the first half of the seasortsith960.

In the present study, various features of monsoch s onset, progress, stagnation, different simapd semi-
permanent features and characteristics of raimfabouthwest monsoon in 2002 over India have bescussed. A
comparison of these features with those in theéssattought years has been made. Large-scale meathiyanomalous
ocean and atmospheric conditions over Indo-Paefiton have also been investigated to find ouptbesible causes for
drastic failure of the monsoon during July 2002.

Results show that many abnormal and unique featitrgsg 2002 have resulted into all India drou@ttidy also
shows that absence of favourable regional intraeses features like monsoon disturbances and semigment
systems, presence of very weak low level jet, patien of strong mid-latitude westerlies, weak todarate EI-Nino
with most intense warming over Nino 4 region of iRa®cean during monsoon months together with aighequency
of typhoon formation over the region are the mainses that led to one of the highly pronouncedatideficiencies in
the month of July.

Key words — Indian Summer Monsoon Rainfall, Synoptic andnisgermanent systems, Drought, EI-Nino,
Stagnation.

1. Introduction period average. The crucial month of July recorded
rainfall only 49% of its normal, the lowest in thestory
India experienced one of the worst droughts in the of record dating back to middle of nineteenth centé&or
year 2002 with all India rainfall being 81% of itsng the first time in the last 133 years, not a sirdgpression
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or cyclonic storm formed over Indian region duritige
whole southwest monsoon season. The advance of
monsoon over India itself was marked by frequenvels

as prolonged stagnations. The monsoon failed teesfor
the first time to extreme northwest India during fiirst
half of the season since 1960. Many features ofsoom
2002 have been examined by Sikka (2003), Keisal
(2004) and Gadgiet al. (2002). Even then, it is worth to
investigate some of the regional and global featuiga-
vis monsoon 2002 critically and compare them with
earlier drought years.

3-10 JUNE
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The perceptible mechanism of climate change during
recent decades has forced us to believe that thrmaous
behaviour of monsoon may not remain in the range of
natural variability in the years to come. Most loé recent
studies are focusing on global warming and its ichmen
climate change by analyzing critically various métated
meteorological, environmental and ecological patanse
at various spatial and temporal scales by using data
sets available from remote sensing networks, obeaps, Fig. 1. The advance of monsoon 2002
etc. Studies on extreme Indian monsoon conditi@ss (
observed in 2002) are also urgently needed to exami Mmonsoon withdrawal commences from extreme northwest

whether any abnorma”ty in Indian Summer Monsoon India. Stagnation dates were obtained from Desd an
Rainfall (ISMR) is taking place. Fluctuations ineth Kulkarni (2001). For calculation of monsoon distamoe
monsoon regime are often attributed to climate gean days and break monsoon days of earlier years, &lndi
The highly delayed arrival of monsoon to north west  Daily Weather Report” and “Weekly Weather Report”
parts of India, drastic failure of ISMR over theuotry as  Published by IMD, Pune and Ramamurthy (1969), were
a whole resulting in severe drought in 2002 andesofn considered. The method of Jenamani and Desai (1999)
the earlier drought years, are the major issuedateto be ~ Was followed while calculating the total days of
critically examined. An attempt is made here tadfivut disturbances and break monsoon dates. Daily weather
whether the observed fluctuations of some of thesecharts were used for studying characteristics af th
features during extreme monsoon years including206  monsoon trough. Daily actual ISMR and their mean
truly abnormal or are a part of the natural vatigbof the ~ Values for July and August for the period 1960-2@@2e
monsoon. For this, characteristics of certain negiog  also collected from All India Weather Summaries
global circulation features during different phaséghe  Published from IMD, Pune. Percentage of area ef th
season in terms of Synoptic SystemS, rainfall mteEL country affected by drOUght for the earlier drougbars
Nino of Pacific etc., have been analyzed and coegpar Starting from 1877 were taken from Mooley & Pant
with the data of earlier monsoons. These features a (1981).

further critically analyzed especially for the miortf July

since the July rainfall deficiency was most pronzedhin NCEP analysis data are used for studying the
2002 that created all most phenomenal drought likeSeasonal mean characteristics (position and ifgnsf
conditions, it was considered desirable to examineSemi-permanent systems like Tibetan anticyclonet he

whether any climate shift is responsible for thisre. low, etc., characteristics of large scale circolatand out
going long wave radiation anomalies, SST of IndoHRa
2. Dataand methodology region and EI-Nino characteristics of 1950-2002.
Onset and withdrawal dates of monsoon, monthly 3. The advance, stagnation and withdrawal of
frequencies of cyclonic storms, depressions ands low monsoon 2002
during monsoon season over Indian region, seasorl
monthly area weighted rainfall, both sub-divisionsev The onset of the southwest monsoon over Kerala was

and India as a whole were collected from IMD. The on 29 May in 2002, three days before the normaé dat
duration of monsoon was taken as the time spamcest (Fig. 1). No intense low pressure system was ss@mset
the date of full coverage over India and the datevhich vortex, other than the off-shore trough thas present
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TABLE 1
Characteristics of advance and withdrawal of monsoon over India (1960-2002)
Year Date of monsoon Date when monsoorDays taken by monsoonDate of withdrawal from Duration of Stagnation
onset over Kerala covered entire India to cover the country  extreme west Rajasthanmonsoon over India days
1960 14 May 29 June 46 14 September 76 15
1961 21 May 21 June 31 2 October 102 14
1962 17 May 5 July 49 28 September 84 23
1963 3 June 14 July 41 18 September 65 3
1964 26 May 6 July 41 29 September 84 13
1965 26 May 7 Jduly 42 15 September 69 22
1966 3 June 6 July 33 19 September 74 16
1967 13 June 2 July 19 17 September 76 10
1968 8 June 9 July 31 29August 50 20
1969 16 May 15 July 60 17 September 63 36
1970 26 May 3 July 38 28 September 86 8
1971 31 May 2 July 32 13 September 72 18
1972 18 June 9 July 21 6 September 58 9
1973 29 May 6 July 39 12 September 67 17
1974 26 May 16 July 51 4 September 49 32
1975 31 May 30 June 30 23 September 85 17
1976 30 May 15 July 46 19 September 65 27
1977 30 May 1 July 32 22 September 82 10
1978 28 May 3 July 36 11 September 69 15
1979 11 June 15 July 34 16 September 62 19
1980 1 June 26 June 25 15 September 80 7
1981 30 May 10 July 41 3 September 54 17
1982 28 May 22 July 55 3 September 42 36
1983 12 June 18 July 36 13 September 56 23
1984 31 May 7 July 37 15 September 69 26
1985 28 May 14 July 47 11 September 58 24
1986 4 June 24 July 50 17 September 54 34
1987 2 June 27 July 55 12 September 56 33
1988 26 May 1 July 36 12 September 72 13
1989 3 June 2 July 29 14 September 73 7
1990 19 May 1 July 43 27 September 87 21
1991 2 June 19 July 47 18 September 60 28
1992 5 June 14 July 39 17 September 64 15
1993 28 May 5 July 38 21 September 77 21
1994 28 May 30 June 33 16 September 77 12
1995 8 June 13 July 35 11 September 59 18
1996 3 June 30 June 27 15 September 86 3
1997 9 June 19 July 40 18 September 60 13
1998 2 June 30 June 28 7 September 68 11
1999 25 May 12 July 48 18 September 67 26
2000 1 June 2 July 31 13 September 72 19
2001 23 May 3 July 41 10 September 68 25
2002 29 May 15 August 78 16 September 31 43
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Fig.2. 11-years running means of the anomalous seasWequency anomaly of monsoon
depressions and cyclonic storms over the Indiaionefgr the period 1889-2002
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Fig. 3. 11-years running means of anomalous seasonalkdnegof lows for the period 1889-2002

along west coast. By 12 June, the south-west mansooto 19 June over central India, the second one vaas &
covered peninsular India, north eastern region somde to 18 July over west Uttar Pradesh and east Rajasthd
parts of east central India as per normal schediiien finally, the third one was from 20 July to 14 Augaser
the monsoon stagnated for a week. Maharashtrar&@uja west Rajasthan. Stagnations of monsoon for mane 15
Madhya Pradesh, Chhattisgarh and Bihar were couwgyed days have occurred 6-times in the past during 12689,
22 June. In the absence of any synoptic systeimeirirtst 1982, 1986, 1991 and 1995. The scenario of stagnafi
fortnight of July, no further advance of monsoomkio = monsoon 2002 was similar to that observed in 1986.
place. The monsoon stagnated for many days over
Gangetic Plains before its advance into Punjabyé&ta, In Table 1, date of covering of entire country by
Delhi and Rajasthan. The monsoon advance to northmonsoon, days taken to reach extreme west Rajasthan
western parts of India was so late that it covehedentire from the date it advanced over Kerala, date when
country only on 1% August (Fig. 1). monsoon withdrawal started from the country, doratf
monsoon over India and total stagnation days yese-w
During the advance phase of monsoon 2002, therefor the period of 1960-2002 have beksted for
were mainly three epochs with stagnation of 7 days comparison purposes. It may be noted from Tablbat t
more. The first one was of rather shorter durafiom 13 ever longest delay of monsoon to cover entire agumas



KALSet al.: METEOROLOGICAL FEATURES OF INDIAN DROUGHT

463

40.00

230'00 Il Days Anomaly

g =11-Years running means

2

£ 20.00

"

>

gl |

o 10.00 }

o

c

]

2

5 0.00 -

2

[a)

c

$-10.00 | I

0

c

=

-20.00 1

-30.00
D W AN MO W d N MO MW AN~ Mo 0N o~
0 O O O d o34 N M M F ¥ O © © N K~ 0O O O
0 © O O O O O O O O O O O O O o O O O
— — — — — — — — — — — — — — — — — — —

Years

Fig. 4. 11-years running means of monsoon disturbanceataysalies for the period 1889-2002

recorded in 2002 (f5August). The second longest delay duration of monsoon circulation over India was $&str

in the past occurred in 1987 when the whole couwtg
covered by 27 July. This was incidentally the sever
drought year in which All India Monsoon Rainfall
deficiency was almost same as in 2002.

Similarly, number of total stagnation days is higthe
in 2002 (43 days) followed by 1969 (36 days) an8219
(36 days). Data also shows that duration of anviddal
hiatus is longest in drought 2002 (18 days). It rhayof
interest to add here that another hiatus of sametida

compared to earlier years.

4. Important synoptic systems and semi-per manent
systems

No cyclonic storm or depression formed during the
monsoon season 2002 as stated in the beginninignikais
situation was never observed during the past 1a8syfer
which records are available. We have plotted fraque
anomalies of depressions, lows and their total rerna
days in Figs. 2, 3 & 4 for the period 1889-2002Flg. 2,

was witnessed in 1969 which was a normal ISMR year.it may be noted from 11-years running means that th

This may be attributed to very early onset of moms(l6
May) over Kerala which showed sluggishness lateitsin
northward progress. The monsoon

decreasing trend in the frequency of occurrence of
monsoon depressions over Indian region has become

in 2002 startedpredominant in recent years and their average sahso

withdrawing from India on 16 September around the frequency has come down to 2 or 3 in the most tecen

normal date. Number of days taken by monsoon tercov
the whole country in 2002 was 79-days which is agai

decade of 1993-2002 from its long period averadeevaf
7 to 8. During the drought 2002, however nearlynmalr

longest period amongst all years, while duration of number i.e., 8 low-pressure areas/well marked low-

monsoon circulation over whole of India is only 8ays
which is shortest ever experienced. Earlier recavfls
longest number of days taken by monsoon to covelevh

pressure areas formed along with two feeble lowsst\éf
them originated as upper air cyclonic circulatioMonth-
wise break up of the systems is 1 in June, 2 ig, Juin

country was 60 days in 1969 and shortest duration o August and 3 in September. Most of the low-pressure

monsoon over the whole of India was 49 days and®®@
during 1974 and 1968 respectively. It may be ndbed
both of these years were also severe drought y&hts,
it be noted that the advance of monsoon in 2002 vas
only most delayed for the country as a whole bsi @he

areas were short lived. As stated in Kafsal 2004, they
followed shorter tracks dissipating over Chattisbgeast
Madhya Pradesh, instead of going up to Rajasthah an
thus resulted in normal rainfall in the season dessa,
Chattisgarh and east Madhya Pradesh but defisgantty
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TABLE 2

Characteristics of semi-permanent systems

Semi-permanent systems June July September
Heat low pressure anomaly 0to-1hPa 1to2hPa to -2hPa 1 hPa
Monsoon trough position Seasonal trough got Gradually shifted northwards At foothills from weak
established on 8 June from 1 July. Lay at foothills 27 to 28 August
from 5 to 13 July &
20-28 July
Mascerene high anomaly +1 hPa Very weak (-3 tdRPa)h 3to4 hPa 1 hPa

Tibetan Anticyclone

(200 hPa) position

25° N/ 90° E (normal)
intensity-stronger
than normal

28° N /90° E (much south of 30° N/ 80°E (south west
normal position) intensity-
much weaker than normal

with anomalous cyclonic
circulation at 30° N / 110°E

of normal position)
intensity-little stronger

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

TABLE 3

Period of breaksand total break daysin July (1889-2002)

Year July Total break monsoon daysYear July Total break monsoon days
1889 23-27 5 1946 9-11 3
1890 5-7; 25-28 6 1947 6-9 4
1891 5-11 7 1949 19-23 5
1893 1-4;21-29 13 1951 1-3; 11-13; 15-17 9
1895 3-9 7 1952 9-12 4
1896 5-8 4 1953 24-26 3
1899 10-13;24-31 12 1954 18-29 12
1900 20-24 5 1955 22-29 8
1901 12-15 4 1957 27-31 5
1904 12-14;25-29 8 1960 16-21 6
1905 15-18 4 1963 10-13:17-21 9
1906 9-15 7 1964 14-18, 28-31 9
1908 14-18 5 1965 6-8 3
1909 19-22 4 1966 2-11 10
1910 8-20;24-27 17 1967 7-10 4
1911 15-25 11 1969 25-28 4
1913 1-4; 10-12 1970 12-16, 22-24 8
1915 6-12 7 1972 19-30 12
1917 5-11;25-27 10 1973 24-31 8
1918 7-23 17 1975 25-27 3
1919 15-18 4 1980 18-20 3
1920 18-20 3 1984 21-24 4
1921 1-4 4 1987 29-31 3
1925 22-24 3 1988 4-6 3
1926 16-21 6 1989 29-31 3
1934 11-18 8 1996 1-5 5
1939 25-28 4 1998 16-25 10
1941 16-24 9 2001 28-31 4
2002 5-13, 20-28 18
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TABLE 4

Y ear s having continuous dry spell for a period of at least 6 daysand their characteristics

Years Dates of dry spells Total number of Average daily ISMR Seasonal ISMR
dry spell days (%) departure (%) departure

1966 3-11 July 9 -63 -13

1972 13-28 July 16 -75 -23

1974 21-27 August 7 -56 -12

1979 15-28 August 14 -74 -19

1981 25-31 August 7 -8 0

1982 1-8 July 8 -67 -16

1986 21-30 August 10 -75 -13

1987 20-30 July 11 57 -19

2000 22 July-6August 16 -61 -8

2002 1-17 July, 22-27 July 23 -63 -19
rainfall over large areas of north western Indiatle Characteristics of semi-permanent systems are given
season. in Table 2. Monsoon trough was established on &,Jun

almost at its normal position from Ganganagar tékKia

Incidentally, the study of 11-years running meahs o through Allahabad. However, it started moving nawdhd
seasonal frequency anomalies of the lows for thiogpe  to foot hills of Himalayas by the end of June. lsnat the
1889-2002 in Fig. 3, shows that their number, hasfoot hills of Himalayas from 5 to 15 July and 20 28
increased significantly from 1970s onwards, thotily July. Afterwards, it retreated to its normal pasitiand
frequency of lows in 2002 has not been higher thanremained there till 22 August.
normal. However, if total number of monsoon
disturbances is considered then not much decadalgeh
of total systems have occurred (Jenamani and Dash, During 23 to 25August, it was south of the normal
2001). Number of lows has significantly increasedaist position in association with a low-pressure area&rov
few decades and thus making possible compensation tNorth Bay of Bengal. On 27 and 2&igust, the entire
ISMR. This shows that lows are not concentrating in monsoon trough shifted again close to the foots hilf
depressions. It further leads to the speculatioat th Himalayas. During 29 to 30 August, only easterd en
monsoon circulation is weakening in the recent @ast shifted southwards in association with a low-pressarea
shown in studies made with European Reanalysis (ERA over North Bay of Bengal and was south of its ndrma
40) data sets (Joseph 2005) In 2002, though thasene position. During first half of September, the emtaxis of
depression, the number of lows was also seen tnobe monsoon trough was lying south of its normal poasitbr
higher to compensate the rainfall. near normal position and became less marked thereaf

Monsoon disturbance days have a good correlation From Table 2, it may be noted that except June and
with ISMR (Mooley and Shukla, 1989 ; Jenamani, 2001 August, pressure anomalies over heat low area were
Fig. 4 shows that total number of monsoon distutban positive in other two monsoon months with highest
days in 2002 was 35 which is the third lowest foe t positive anomalies of +2 hPa in July. Similarly, Jaly,
period 1889-2003. The lowest ever observed wa®b11 significant negative mean sea level pressure anesaf
having 32 days which was also a severe drought year3 to -7 hPa prevailed over normal position of Masoe
followed by second lowest of 33 days during 1938ciwh  high area while anomalies were positive during othe
was a normal year. months of the season with August being most intelmse

June, Tibetan anticyclone was near normal posiind

Off-shore trough in July was very weak. Average stronger. In July, it was significantly weaker amdich
pressure difference between Mumbai and Thiruvamanth south of the normal position. In August and Septmb
puram was 4 hPa which is 2 hPa less than the normathough it was stronger than normal, but it layidittouth
value. However, in remaining months, it was neamao. of the normal position.
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Two prolonged break spells occurred in July 2002. TABLES

The total number of days of break monsoon in Jutyng Number of meteorological sub-divisions and per centage of area of

1889-2003 is _“Sted in Tab_le 3. July 2002, had|d1_ltgest the country affected by moder ate/sever e drought (1877-2002)
break spell with 18 days in 115 years. The eaftiager

break spells were in 1910 and 1918 with 17 daydisspe Year No. of Met. Sub-div. affected % Area affected by

each and during both years, July ISMR was very much by moderate/severe droughtmoderate/severe drought
below normal having deficiency around 48% like July 1877 16 60
ISMR of 2002 drought. 1891 8 23
1899 20 69
5. Rainfall distribution and meteor ological drought 1901 7 30
The seasonal rainfall over the country as a whole i:g: 12 23
was 81% of its long period average in monsoon 2402
. 7 ey 1907 8 29
the overall seasonal rainfall deficiency was simitathat 1011 9 08
of 1987. Past data shows that similar or even rimtezse
droughts had occurred earlier in 1951, 1965, 19879 1913 6 25
and 1987 and hence, overall deficiency of raindaiting 1915 6 22
2002 monsoon was within the range of natural véliigb 1918 22 70
witnessed earlier for the period since data is lalk. 1920 12 38
However, ISMR in July was the lowest (-51.5%) ir020 1925 5 21
for the whole period followed by 1910 and 1918 when 1939 8 29
deficiencies were around -48%. 1941 9 36
1951 10 35
So far as sub-divisional distribution of rainfalley 1965 11 38
India is concerned almost whole of northwest and 19g6 8 35
Peninsular India were having deficient rainfall.gheést 1968 7 22
deficiency was seen over Rajasthan. Though theativer 1972 16 40
rainfall activity was quite good over the east cainparts 1974 8 34
of the country and Maharashtra and most parts @ th 1979 10 35
North Eastern states, the deficiency was less &b 1082 10 09
over Orissa, Chattisgarh, Madhya Maharashtra asdhs
and Meghalaya. July registered deficient and scanty 1985 o 32
rainfall over almost all parts of India except shpaicket 1986 ! 20
covering Bihar, West Bengal and Sikkim and North 1987 15 48
Eastern states that experienced normal rainfall. 2002 12 29

Rainfall deficiency exceeded 75% in central and
north western parts of India with a peak of 95%mmre noted no persistence of dry spells in Table 4 haut of
over Rajasthan and Saurashtra & Kutch and 80% @e mo total 10 seasons which have such prolonged dryisspel
over Madhya Pradesh and Gujarat region. Due to thishave resulted into drought/deficient ISMR at thel e
pronounced deficiency in rainfall in July, the cuative the season.
ISMR in the first half of season was also 30% below
normal. At the end of the monsoon season, onlyut5b Unlike the earlier years of severe droughts, in
36 meteorological sub-divisions, covering 44% arkthe drought 2002, rainfall deficiency experienced ityJdid
country, received normal to excess rainfall. Outtlod not continue during August and September. In fu,
remaining 21 sub-divisions, both east and west $iaga, monsoon revived and strengthened over the coumtry i
were in the scanty category and remaining 19 sub-August as a result of a series of low pressuresatieat
divisions were in the deficient category. formed in the northwest Bay of Bengal and movedsgr

the central parts of the country. They not only mteined

In 2002, daily rainfall over India for main monsoon the monsoon circulation over India during August &iso
months of July-August shows prolonged dry spellthwi  succeeded in wiping out a large deficiency of rlinf
daily rainfall over India remaining around 50% es$ for particularly from the central parts of the country.
many days. Comparison with earlier years from Table
shows longest dry spells prevailed in July of 2002 Still the year 2002 was an all-India drought yead a
(23 days) amongst all years followed by 1972 (1gshla  the sub-divisions which had severe / moderate drbug
2000 (16 days) and 1979 (14 days). It magthér be  were west Rajasthan (-71%), east Rajasth@d),
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Haryana, Chandigarh & Delhi (-36%), Punjab (-36%), 1918 had record highest. Thus, in 2002 monsoon, the
Coastal Andhra Pradesh (-26%), Rayalaseema (-33%)number of sub-divisions which had severe/moderate
North Interior Karnataka (-31%), South Interior Kataka drought was comparatively high but not the highest.
(-44%), Coastal Karnataka (-30%), Tamil Nadu (-35%
Kerala (-35%) and Lakshadweep (-45%). 29% area of the country in 2002 was under drought
with 10% area under severe drought and 19% under

The monsoon season 2002 had a good start in Junenoderate drought. 37% districts of the country had
when the country as a whole registered positivafadi moderate drought and 15% had severe drought. Table
departure. Like many other infamous drought yetris, also shows area affected by moderate to severeghirou
also raised a hope of a good monsoon that wasvedlie for earlier drought years for the period 1877-2002nay
later when drought became a stark reality. The areabe noted that 1987 had the worst drought after 4@ién
averaged rainfall departure for the seasonal rthimfas 48% of the country experienced drought. The yed819
close to the threshold for phenomenal drought momso retains first position in the severity of droughhem 70%
year (Mooley 1994), the 56% area under the deficien of the country was affected by drought. Comparisbn
monsoon condition reckoned on the sub-division dasi percentage area of the country affected by drosgbtvs
was also appreciable and therefore the joint daiter 2002 has 1% rank in severity among 27 droughts that
adopted by Mooley (1994) on identification of caipgof occurred over India so far for the period under
droughts, could easily place 2002 drought under consideration.
phenomenal all India drought category. There haaenb
only 5 years earlier under this label (Kulshresti887). Spatial distribution of rainfall of a recent severe
But the most conspicuous and striking feature a$ th drought year 1987 in comparison to 2002 shows that
phenomenal drought is that unlike its predecessdnsye northwest India received deficient rain in both rgeahile
the deficient monsoon conditions prevailed durirgstof Peninsular India got normal rainfall in 1987 in traist to
the season, the phenomenal drought during 200&uisec 2002 when east central India got normal rainfall.
by pronounced break monsoon conditions during glesin
month of July. 6. Possible causes of drought in 2002 with special

referenceto anomaliesin July
Comparison of the number of sub-divisions which

had severe / moderate drought with earlier droyghats 6.1. EI-Nino conditions over Pacific Ocean
(Table 5) shows that in the last 100 years, only2land
1987 had slightly more number of sub-divisions hgvi Negative correlation of EI-Nino with Indian Summer

severe / moderate drought compared to 2002 whil®s 19 Monsoon Rainfall (ISMR) is well established by warg
and 1920 had almost same number as in 2002 where asuthors (Sikka, 1980 ; Rasmusson and Carpentef3; 198
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Keladis and Diaz, 1989 and Mooley and Paolino, 1989 S
This relationship represents a tendency of the ISMBe
below normal when strong EI-Nino prevails over #daest

0.1 1

Pacific and opposite occurs in general during LaaNi 021 :
conditions. However, characteristics of individ&dNino
events (starting phase, persistence, spatial amgaiel 031

variation of SST over the Pacific) differ from eaather. Q o4

Apart from irregular periodicity of its occurren¢2 to 5 ©

year's cycle), some EI-Nino events continue longer. -05 1

The EI-Nino during 2002 showed an anomalous

behaviour in that it weakened over the area oftiReast 07

during monsoon season but strengthened over westert

Pacific Ocean Nino 3.4. Figs. 5(a-c) shows mon®&T e e s 2 3 B3 fLS 2583833

distribution year-wise for last five most severeulyht A A A A3 3 ‘i AF A A3 333N
ears

years over different Nino regions of Pacific Oceanper
standard classification of NOAA. It may be noteditth  Fig.7. 21-year running correlation coefficients betwé8NR and
though weak to moderate EI-Nino conditions prevhile E.ST al’lgma".es ‘;a'“tfls In Monsoon Season over Narrai4
monsoon of 2002 over other Nino regions except Nino no region forhe perio '

1+2 [Fig. 5(a)], warming over Nino 3.4 [Fig. 5(bahd
Nino 4 [Fig. 5(c)] regions was significant with [itbse
SST anomalies around 1° C over the region.

December amongst all EI-Nino years while warmingrov
the same area was less in 1997 which is thenestrEl-
Nino year of the 20 century, but having normal ISMR.
Hence from this analysis, it appears that ISMRetently
more coupled with prevailing of EI-Nino conditiorver
western Pacific as concluded in numerical experimbmg
Soman and Slingo (1997) and not over eastern edgalato
Pacific off Peru coast as has been highlighted relry
many researchers.

El-Nino of 2002 over eastern Pacific was so weak
that negative SST anomalies over Ninol +2 foriafbr
period in monsoon 2002 can be noted from Fig. 5¢a).
may also be seen from the same figure that not othigr
El-Nino-drought years but also drought year with&lx
Nino of 1979 do not show such negative SST distitinu
over _N!no 1+2 at least in the monsoon season. ngev For understanding recent trend of the relationsip
remaining drought years have been associated wgth h ISMR with SST anomalies of these Nino regions, &eeh
positive SST anomal!es. I—!ence, 2002 was the .Onlyalso calculated 21-year running correlation cogffit
drpught year over India, .Wh'Ch had not _been astettia (CC) between ISMR and SST anomalies values oveo Nin
with any warming over Nino 1+2 region in the monsoo 4 and Nino 1+2 region and presented in Fig. 7.
season. Comparison of both correlations shows ISMR relatiop
with both Nino 1+2 and Nino 4 remaining more orsles
stable with their CC values around -0.6 from the
beginning till 1980 with a significant weakening GfC

SST anomalies in other two Nino regions of Pacific
from Figs. 5(b&c) show positive SST anomalies obwab

4(-:1°bC or mdore in t’t:.e Se:ion v;ith highbest gn(_)maly.ﬁ‘l’ there after. The CC with Nino 1+2 continued to weak
observed over Nino 3.4 In September during mansoo recently and became insignificant when CC shdw
season 2002 amongst all regions. It may also berobd steep fall from -0.64 in 1980 to -0.13 in 1992 &hihe

that W?fmif‘g in EI-Nino 2002 was most intense d\iro CC with Nino 4 continued to weaken up to 1989 when
4 region in November .2002 [Fig. 5(c)] among_st_all CC showed steep fall from -0.64 in 1980 to -0.36.989
drought years wh|c_h IS alsp oné of the distinct and strengthening thereafter to -0.47 till recentignce
characteristics of EI-Nino evolution during 2002. SST anomalies over Nino 4 region of Pacific Oceaveh
played an important role in ISMR variation in recgears

__— . - d 2002 i tion.
For finding whether warming over western Pacific an 'S O exception

during other earlier EI-Nino years was of samenistiy 7
over Nino 4 region as in 2002, we have compared SST °
anomalies over Nino-4 region in 2002 with all other
important EI-Nino years after 1950 in Fig. 6. It ynbe

noted from Fig. 5(c) & Fig. 6 that SST anomaliesrov rainfall in Jul - : :
, . ; y, comparison of circulation featardor
Nino 4 in both 2002 and 1987 are higher from Sepam <o two months will be useful for idention

onwards with 2002 being highest in Novemband of cause that led to this change. F8g¢a&b) and

Circulation pattern

Since in August 2002, monsoon rainfall activity ove
India was back to normal in contrast to recordufail of
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(a) 850 hPa wind anomaly (July, 2002) (b) 850 hPa wind anomaly (August,2002)
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(c) 200 hPa wind anomaly (July,2002) (d) 200 hPa wind anomaly (August,2002)
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Figs. 8(a-d). Circulation anomalies of (a) 850 hPa in July,&6p hPa in August, (c)200 hPa in July and (d)2@a in August

Figs. 8 (c&d) show circulation anomalies for 850dan July which suggested monsoon trough was active in
200 hPa respectively for both July and August durin  August.
2002.
In July [Fig. 8(c)] at 200 hPa, strong westerly

In July [Fig. 8(a)] at 850 hPa, the cross equakoria anomaly (1LOm/s) was seen at upper troposphere over
flow in the Arabian Sea was very weak as easterly northwest India. In daily weather charts, penetratof
anomalies were observed from Kerala coast to Somalisuch stronger middle-latitude westerlies were ofexkin
coast suggesting weaker southwesterly flow over theJuly due to the presence of a blocking high noftithe
Arabian Sea. The figure also shows that over thénma Indian region at middle-latitude belt which is naiiy
land of Indo-Gangetic plains, easterlies were yeatsent  observed during prolonged subdued rainfall spellsr o
as strong westerly anomalies were observed, whichindia (Raman & Rao, 1981). The figure also showes th
became northerly over North Bay of Bengal. This upper air Tibetan anticyclone was south (by abd&yitos
indicates that the monsoon trough was absent oklwea its normal position and was very weak and an easit w
defined. In August [Fig. 8(b)], most of these antoma trough was observed roughly along 40° N at 200 inPa
features disappeared and returned back to nearahorm anomalous flow pattern instead of the sub-tropitdde
situation. The cross equatorial flow became strorige  over the same area. The tropical easterly jet q 8{(c)
August over the Arabian Sea and over the main @nd was also weaker than normal as stronger westerly
Indo-Gangetic plains, easterlies were strongeraatedy anomalies (5 m/sec) were observed over southeastern
anomalies were observed over the region in conttast Arabian Sea off Kerala coast at 200 hPa.
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Fig. 9. Tracks of tropical cyclones over northwest Padifitensity of tropical storms or above are coesgd) in July 2002

In August [Fig. 8(d)] at 200 hPa, Tibetan anticywo Fig. 10 shows outgoing long wave radiation
was stronger than normal as anomalous anticycloee w anomalies for July over Indo-Pacific region. Theghast
observed which centered near 42° N / 89° E withrgger positive outgoing long wave radiation anomalies are
easterly anomalies south of the ridge along 40° Wtk observed over northwestern and Peninsular partsdid

replaced anomalous trough of July. The tropicatezhs
jet also was nearly of normal strength over Kecalast at
200 hPa.

8. Typhoon over Northwest Pacific and out going

long wave radiation anomalies

Fig. 9 shows the tracks of tropical storms over
Northwest Pacific in July 2002. It may be notednirthis
figure that most of these systems intensified gfthoon
and not a single system crossed 120° E in July to
subsequently emerge into Bay of Bengal. These mgste
recurved to northeast due to which they could ramai
more over sea area and got sufficient energy freanfer
further intensification and hence to lead a lontjgr
period. Observation also shows three of these msste
having life period around a fortnight.

while very low negative outgoing long wave radiatio
anomalies are observed over equatorial Indian Oeedn
northwestern Pacific. This shows convection overtio
western Pacific and equatorial Indian Ocean wasédrig
than normal in contrast to subdued convection awian
region. Also, higher convection over western Pacif
associated with more typhoon activity over the sagas
discussed above. The higher than normal convectien
equatorial Indian Ocean shows that the equataidaigh
was active during monsoon 2002. This type of outgoi
long wave radiation pattern is normally associatétth a
drought year (Sikka and Gadgil, 1980; &eal, 1995 and
Gadgil, 2003).

Also, because of presence of typhoons for almaést al
days in July, highest number of break monsoon days
prevailed over Indian region in July (Raman, 1953).
number of days of typhoon are calculated togal of
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Fig. 10. OLR anomalies for July, 2002. The negative vahresshaded

these days is also very high which could be on¢hef  observed over Nino 4, but monsoon rainfall overidnd
causes for deficient ISMR in 2002. Sikka (2003) hkE® was on the positive side of normal. Study of Jendraad
stressed on the anomalous tracks and typhoons(@@ 20 Dash (2005) for monsoon 1997 shows that ISMR was
season. Also the daily analysis of cloud pictuiresn good due to highly favourable day to day developneén
INSAT shows the whole cloud system from equatorial regional monsoon systems in 1997 while in the monso
Indian ocean had a tendency to move towardsof 2002, no such favourable development of regional

northwestern Pacific Ocean during the month of July monsoon systemse (g, monsoon disturbances, monsoon
trough etc.) were observed especially in July duehich
9. Discussion severe drought occurred in 2002.

Warming over western Pacific together with very 10. Conclusions

weak low level Somali jet, weak Tibetan anticyclpne

stronger upper level westerly over northwesternanand Monsoon 2002 was not only sluggigst while
weak tropical easterly jet in association with &eti covering the entire country but also the duratidn o
equatorial Indian Ocean trough and higher convactio monsoon circulation over India was shortest congbaoe
over western Pacific due to presence of typhoorth wi earlier years. For the first time in the last 1&2ug, not a
very long life period and lack of day to day deyat®ent single depression or cyclonic storm formed over the
of favourable regional intra-seasonal features like Indian region during monsoon 2002. Number of monsoo
monsoon disturbance, monsoon trough etc. are the ma disturbance days is third lowest for the period 42803
possible causes for driest July in 2002 over InHiffect with lowest in 1951, which was also a severe drbugh
of similar features in causing major droughts oletia year. The monsoon trough itself was quite weak \aad
irrespective of their coincidence with concurrent located close to foothills of Himalayas on mosthef days

occurrence of EI-Nino has already been studieckéotier in July 2002. It had the longest break in monsquellsn
years by Jenamani and Dash (2005) and Srinivasdn anthe last 115-year data. During July, the heat loasw
Nanjundiah (2002). found to be weaker than normal and stronger westerl

anomaly (1LOm/s) was seen at upper troposphere over
In association with the severe EI-Nino of the centu  northwest India. The upper tropospheric Tibetan
that occurred in 1997, warm SST anomalies were alsoanticyclone was south by about 5° from its normal
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position and was generally weak. Analysis of degliynfall different semi-permanent systems, prevailing of knleav
data for the period of 1960-2002 shows prolongeg dr level jet, penetration of mid-latitude westerliehda
spells with all India rainfall of -50% or less peghng for abnormal warming over Nino 4 region together with
longest period in July 2002. The spatial rainfall higher frequency of typhoon over Pacific and higher
distribution for July shows that rainfall deficignc convection over equatorial Indian Ocean were main
exceeded 75% in central and north western pariisdid possible causes for ever driest July in 2002 anttédne
with maximum deficiency of 95% or more over Rajasth  drought in general over India.

and Saurashtra & Kutch and 80% or more over Madhya

Pradesh and Guijarat region. Acknowledgements
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