INDIA METEOROLOGICAL DEPARTMENT

SOUTHWEST MONSOON 2011
END OF-SEASON REPORT

HIGHLIGHTS

For the country as a whole, the rainfall for the season (June-September) was
101% of its long period average (LPA).

Seasonal rainfall was 107% of its LPA over Northwest India, 110% of its LPA
over Central India, 100% of its LPA over south Peninsula and 86% of its LPA
over Northeast (NE) India.

Out of the total 36 meteorological subdivisions, 33 subdivisions constituting
92% of the total area of the country received excess/normal season rainfall and
the remaining 3 subdivisions (Arunachal Pradesh, Assam & Meghalaya, and
NMMT constituting 8% of the total area of the country) received deficient
season rainfall.

Out of 603 meteorological districts for which data are available, 453 districts
(76%) received excess/normal rainfall and the remaining 150 districts (24%)
received deficient/scanty rainfall during the season.

Monthly rainfall over the country as a whole was 112% of LPA in June, 85% of
LPA in July, 110% of LPA in August and 106% of LPA in September.

Advance of Southwest monsoon over the Andaman Sea was delayed by about
10 days. The monsoon set in over Kerala on 29" May, three days before its
normal date of 1% June and covered the entire country by 9™ July, 6 days
earlier than its normal date of 15™ July. The withdrawal of monsoon from west
Rajasthan was delayed and it commenced only on 23" September.

Four depressions formed during 2011 monsoon season as against the normal
of 4-6 monsoon depressions per season.

The forecast for monsoon onset over Kerala for this year was correct, which is
the seventh consecutive correct forecast for this event.

Most of the operational long range forecasts issued for the 2011 southwest
monsoon rainfall were underestimating the actual rainfall and therefore were
not very accurate.




1. ONSET OF SOUTHWEST MONSOON

This year, setting in of southwest monsoon over Andaman Sea was delayed by
about 10 days. However, it set over Kerala 3 days before its normal date of 1% June.
Monsoon set in over most parts of South Arabian Sea, Kerala, some parts of Tamil Nadu,
south Bay of Bengal and South Andaman Sea on 29" May 2011.

Due to strengthening of cross-equatorial flow over Arabian Sea and the northward
movement of a vortex in the form of an upper air cyclonic circulation along the trough off
the west coast, monsoon further advanced rapidly and covered entire Kerala, Tamil Nadu
and Goa, most parts of Karnataka and some parts of south Andhra Pradesh by 5™ June.
However, during 6" — 10" June, there was a short hiatus in the further advance of
monsoon along the west coast. On the other hand, the eastern branch of monsoon
advanced over some more parts of Bay of Bengal and northeastern states, with a delay of
nearly 5 days. Associated with the formation of a Depression over north Bay of Bengal on
13" June, the monsoon advanced into some more parts of Arabian Sea, parts of
Saurashtra and most parts of the Bay of Bengal and parts of coastal Andhra Pradesh and
coastal Orissa.

Subsequently, there had been a rather steady advance during 15" — 26™ June in
association with the formation of a Deep Depression (16" — 22" June) over the northwest
Bay of Bengal and its gradual west-northwestward movement. This synoptic situation
caused the monsoon to cover most parts of the country outside western parts of
Rajasthan and north Gujarat state.

With the formation of a low pressure area over south Chhattisgarh and adjoining
Telangana and the off shore trough extending from south Gujarat coast to Kerala coast
during 4™-8"  July, the trough at mean sea level shifted southwards and became more
pronounced and made favourable conditions for further advance of monsoon. Thus, the
southwest monsoon covered the entire country on 9" July, 6 days earlier than its normal
date of 15th July.

Fig. 1 depicts the isochrones of advance of southwe st Monsoon — 2011.



2. CHIEF SYNOPTIC FEATURES

Strong cross equatorial flow prevailed during most parts of June. It was weak
during the first fortnight of July. The cross equatorial flow maintained its strength all
through the month of August and during the first half of September. Though the monsoon
trough, displayed north-south oscillations, there had been active periods especially in the
month of August, often in association with the low pressure systems and cyclonic
circulations embedded with the monsoon trough. In such occasions, the monsoon trough
extended up to mid-tropospheric levels, displaying its characteristic southward tilt with
height.

Though there had been certain periods of subdued rainfall activity during the
season in different spatial and temporal scales, there was no all India break monsoon
condition during this year.

Four depressions formed during this season as against the normal of 4-6 monsoon
depressions per season (June - September). Out of these, two Depressions (that formed
on 11" June over Arabian Sea & the other during 22™ -23", July over Land) had a short
life span. The Depression formed during 16" -23" June and its subsequent west
northwestward movement was responsible for the advance of the monsoon over the most
parts of the country. The fourth Depression formed towards the end of the season (22" —
23", Sept.) weakened before moving towards northeast.

Ten low pressure areas formed during the season. The month of June and July
witnessed the formation of two low pressure areas each, one over Bay (8" — 9" June &
13™ -16™ July) and another over land (29"-30"™ June) over east Uttar Pradesh and
adjoining areas of north Madhya Pradesh. Another low pressure formed over south
Chhattisgarh and adjoining Telangana (6™ — 7""July). The two low pressure areas in the
month of June dissipated in situ. The systems in July aided the monsoon to cover the
entire country and were also responsible further for active monsoon conditions in the third
week of July, which gave rise to widespread rainfall activity over most parts of the country
outside southeast Peninsula.

The month of August was devoid of Depressions. But four low pressure areas
formed during the month; two over land and one each over the Bay and the Arabian Sea.
All the low pressure areas had prolonged life spans. The low pressure area (8"— 11"
August.) formed over the western end of the monsoon trough over northwest Madhya
Pradesh and neighbourhood and caused extremely heavy rainfall over Madhya Pradesh

and Rajasthan. The well marked low pressure area 11" —17" August formed over



Gangetic West Bengal and neighbourhood and interacted with the cyclonic circulation in
the westerly field and caused extremely heavy rainfall over northwestern parts of India.
During the third week of August though the circulation features resembled a break like
situation, parts of central India received good rainfall activity due to the movement of an
upper air cyclonic circulation across central India during 18"-23" August. A low pressure
area formed on 30™ August over Arabian Sea off north Gujarat coast and dissipated in
situ on 4" September, because of which the western end of monsoon trough remained
south of its normal position.

A Depression (22" 23" September.) and two low pressure areas (6" -13" and
13"™-19™) formed during the month of September. The Depression caused a second spell

of flood situation over Orissa and Bihar.

The tracks of the Depressions are shown in Fig.2.

3. FLOOD SITUATIONS

Incessant rainfall associated with the monsoon low pressure systems and active
monsoon conditions in the presence of strong cross equatorial flow and deep monsoon
trough, often caused flood situations over various states during different parts of the
season. Some of the states which experienced flood situations are west Bengal, Bihar,
Kerala, Karnataka, Himachal Pradesh, Madhya Pradesh, Rajasthan, Gujarat, Jammu &
Kashmir, Maharashtra, Goa, Assam, Andhra Pradesh, Uttarakhand, Chhattisgarh and
Orissa.
4. WITHDRAWAL OF SOUTHWEST MONSOON

The withdrawal started from west Rajasthan on 23" September with a delay of
more than 3 weeks as the normal date of withdrawal from extreme western parts of
Rajasthan is 1% September. Subsequently, it withdrew from most parts of northwest India
and some parts of west Uttar Pradesh on 26" September and from most parts of Uttar
Pradesh, some parts of Madhya Pradesh and some more parts of Gujarat state on 28"
September. On 30" Sept. it further withdrew from some more parts of Uttar Pradesh and
Madhya Pradesh. As on 4™ October, The withdrawal line of monsoon continues to pass
through Lat. 27.0N / Long. 84.0E, Balia, Umaria, Jabalpur, Indore, Baroda, Veraval, Lat.
21.0N/Long. 65.0E and Lat. 21.0N / Long. 60.0° E.
Fig. 3 shows the isochrones of withdrawal of southw est monsoon - 2011.



5. RAINFALL DISTRIBUTION
The southwest monsoon season (June to September) rainfall for the country as a

whole and the four broad geographical regions are as follows

Long -
Period | Actual for Coefﬁqgnt
: Actual Of Variation
Region (mm) Average 2011 (CV)
0,
(LPA) | (% of LPA) (% of LPA)
(mm)
All-India 899.9 | 887.5 101 10.7
Northwest(NW) India 654.8 615.0 107 18.9
Central India 1073.6 9755 110 15.0
South peninsula 715.2 715.5 100 15.3
Northeast (NE) India 1233.6 | 1438.3 86 12.6

The season rainfall is classified as normal when the actual rainfall is within LPA *
CV. The CV for season rainfall over various regions is given in the table above. Similarly
season rainfall is classified as deficient when the actual rainfall is less than (LPA — CV)
and as excess when the actual rainfall is more than (LPA+CV). In 2011, the southwest
monsoon season (June to September) rainfall over the country as a whole was 101% of
LPA. Season rainfall over NE India was below its LPA by 14%. Season rainfall over south
Peninsula was normal. However, the season rainfall over Central India and NW India
were 10% and 7% above their LPA values respectively.

The cumulative season rainfall from 1% June to 30" September 2011 was excess
in 7 meteorological subdivisions (21% of the total area of the country), normal in 26
meteorological subdivisions (71% of the total area of the country) and deficient in 3
meteorological subdivisions (8% the total area of the country). The sub-divisional
cumulative season rainfall distribution is shown in Fig.4. Three subdivisions
(Arunachal Pradesh, Assam & Meghalaya, and NMMT) from the eastern part of the
country recorded deficient rainfall.

The monthly rainfall over the country as a whole during the season is given below.

June: 12% above LPA July: 15% below LPA.

August: 10% above LPA September: 6% above LPA.

The spatial distribution of monthly rainfall is sho wn in Fig.5.



Except for July, the rainfall during all other months was above the respective LPA
values. In June, excess rainfall was observed over many subdivisions of northern and
west coast of the country. Deficient rainfall was observed over 5 subdivisions from the
eastern part of the south Peninsula and Lakshadweep and scantly rainfall was observed
over 2 subdivisions of Gujarat state. The rainfall over the country as a whole was
subdued during July. Deficient rainfall was observed over Kerala in the south and many
subdivisions in the northern most part and east India. However, excess rainfall was
observed over the two island subdivisions and two subdivisions from Maharashtra
(Konkan & Goa and Marathawada). Rainfall activity picked up in August. In August,
except for 4 subdivisions from northeast India and 2 subdivisions (West UP, Haryana
Chandigarh & Delhi) from north India, the remaining subdivision received normal or
excess rainfall (14 normal and 16 excess). In September, excess rainfall was observed
over subdivisions along the west coast, island subdivisions and many subdivisions from
northwest India and east part of the central India. Most of the remaining subdivisions
from south Peninsula received deficient or scantly rainfall. Deficient rainfall was also
observed over 3 subdivisions from northeast India and 2 subdivisions from north India.
From monthly distribution, it can be clearly seen that the rainfall over north east India was
deficient throughout the season. On the other hand except for few subdivisions from
eastern part of central India which received deficient rainfall during July and 2
subdivisions of Gujarat state which received deficient rainfall during June, most of the
other subdivisions from northwest India and central India received excess or normal
rainfall throughout the season.

Figures 6 and 7 depict the all India weekly and cumulative weekly monsoon

rainfall expressed as percentage departure form the LPA received during the season. In
the beginning of the monsoon season weekly rainfalls were positive during all the weeks
of June except during the second week. In July, the weekly rainfall anomalies were
negative during all the weeks except during 3" week. Except for the first and fourth
weeks of August and last of week of September, weekly rainfall anomalies were positive
during all the remaining weeks of the second half of the monsoon season. The all India
cumulative weekly rainfall anomaly distribution shows that the all India cumulative weekly
rainfall anomalies were negative from the second week of July to fourth week of August.
The cumulative weekly anomaly became positive in the last week of August and

remained so till the end of the season.



LONG RANGE FORECAST OF MONSOON RAINFALL
Based on an indigenously developed statistical model, it was predicted on 13" May
2011 that monsoon will set in over Kerala on 31% May with a model error of + 4 days. The
forecast came correct as the actual monsoon onset over Kerala took place on 29th May,
two days earlier than the forecasted date. Thus this is the seventh consecutive correct
operational forecast for the monsoon onset over Kerala since issuing of operational
forecast for the event was started in 2005.

As per the first stage long range forecast issued on 19" April, the season (June-
September) rainfall for the country as a whole was expected to be 98% + 5% of LPA. In
the updated forecast issued on 21% June, the forecast for the country as a whole was
revised to a lower value of 95% * 4% of LPA. Though the actual season rainfall for the
country as a whole (101% of LPA) was within the forecast limits of the first stage forecast,
it was slightly (by 2%) higher than the upper limit of the second stage forecast. The
forecast for the second half of the monsoon season (August —September) for the country
as a whole issued in August was 90% with a model error of 8% of LPA. This forecast was
underestimated as the actual rainfall over the country as a whole during the second half
of the season was 108% of LPA.

The forecasts for monthly rainfall over the country as a whole for the months of
July, August issued in June were 93% & 94% respectively with a model error of £ 9% and
that for September issued in 1st September was 90% of LPA with a model error of £ 15%.
The actual July month forecast, though overestimated the actual rainfall (85% of LPA),
was within the lower forecast limit (93% - 9 % of LPA)). Whereas the forecast for August
and September month turned out to be underestimates as the actual rainfall during
August and September were 110% and 106% of LPA respectively.

Considering the four broad geographical regions of India, the season rainfall was
expected to be 97% of its LPA over northwest India, 95% of LPA over Central India, 95%
of LPA over northeast India and 94% of LPA over South Peninsula all with a model error
of £ 8%. The actual rainfalls over northwest India, central India, northeast India and south
Peninsula were 107%, 110%, 86% and 100% of the LPA respectively. Thus the actual
season rainfall over south peninsula was within the forecast limit. The forecast for
northwest were 2% of LPA above the upper forecast limit and that for the northeast India
was 1% below the lower forecast limit respectively. However, the forecast for season

rainfall over Central India was 7% above the forecast limit.



The Table below gives the summary of the verification of the long range forecasts

issued for the 2011 Southwest monsoon.

Table: Details of long range forecasts and actual r  ainfall.

Forecast Actual
Region Period Date of Issue (% of LPA) Rainfall
0 (% of LPA)
All India June to September 19" April 98+5 101
All India June to September 95+4
Northwest India | June to September 97+8 107
Central India June to September 21% June 95+8 110
Northeast India | June to September 95+8 86
South Peninsula | June to September 94 +8 100
All India July 93+ 9 85
All India August 94 +9 110
All India August to 1% August 90 +8 108
September
All India September 1% September | 90 + 15 106

As a whole, most of the operational long range forecasts issued for 2011 south-
west monsoon season were underestimating the actual rainfall situation and therefore
were not very accurate. The main reason for the underestimation of the forecasts
particularly those issued for second half of the monsoon season (forecasts for August,
September and August to September) was due to the increased rainfall activity in the
second half of the season in association with the sudden reemergence of the La Nina

conditions over equatorial Pacific.
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Fig.1: Progress of Southwest Monsoon — 2011




50° 55° 60" 65° 70° 75° 80° 85° 90° 95" 100°
T T T ] 1 T ' ' ! B I ! ' ' -
' L1111 1L HEEEZEEEEEREN
M - Cyclone Waming Division (CWD), New Dedhi | T T =
n DDGM (Weather Forecasing], Pune Depressions during Monsoon Season 2011
L it - =
[ @ -A C.W.C.WITHD. W. R STATION Ty " el L LY ] )= Depression — Storm — Seyvere Storm
| @) -A C.W.C.WITHC. D. R STATION 5L h s.~T 1. | | ©Position at 0300 UTC ® Fasition at 1200 UTC
35— © - C.W.C. STATION WITHD. W.RR. -+ : ! ® Same position at different UTCs —»  Position of Dissipation -35°
i @ -C.W.C.STATION | ! lolodael 121 LJ - ] |
Q) -D.W.R. STATION A A " | [
@ -C.D R STATION . .J.' ’ s | =)
L Il { 5= | ; p T ) | — i
i . . _
= —1= L - - .A-'-‘ 30"
el e | N el -l
N - v,
{0 T3 i -'_‘ 1
. |- | 1 1 1A e -
-\ = 1Y [ | “F T
N SE= ™ : 250
SR 3] i
| | AH
- I - . . . . + OJ! : *+ l =3
20 Pos a0l | -
B /_L_,_ o o G P R L I o
| - { ]
L) 1 . ! l}}: E y | "
] ol .‘/ | i
1A PIM i :
15 .r'_' r | 15
- — + == + + + +— \ 1— + 1' + +—
| | |
i !
1 : | pos ! '
| % | KRL
107
7] - : S o R
o E) TN (R R | | el | 1 NA { \ ; |
|
2 § _'
] a0 | T |
) | q T T
1 T S i
—— 1 —T - — t .
| ' gl ettt R L L_L L
| | i | | | | |
o . [ ] | | I I [ | I
50° 55° 60° 65° 70" 75 80° 85 920°

Fig.2: The Tracks of the Depressions during 2011 mo

nsoon season.




60" 65" 7o 75 80" 85" a0 a5 1000
| | | |
..,...n."""\.\
T N, ’ WITHDRAWAL OF
! A TP |
- £ o AMU & kASHMR ; SOUTHWEST MONSOON 2011 |
i : E\vf-:m o o Actual = = = = Normal
s} o = [ -}
1 a®l o
R o
: o
AT e
r o o
o '
3 = o e .Qr— ar
\- HHHHHHHHH A o K,
1 O Waans | o ;O
o ] o e ra" cRU
L { AJAST
‘.‘ o o 1% -3
St I o
- o }’0 Jodhp
Pasnl  Dodrs 7
25 o5 t B - 25
I | 1lsepr. 3o 2. 5 f 3
A e, 7 5
o S A— © e WEST - EQy fowia F - =
2 o T UJARAT © . i L:?,gn:o SeNGay o Lo HE;" XA NRNARE S,
e 15 SEPT, G el it A e whalh 0 o0 = b
Zmﬂ Sept. . | arvsl ﬁ ORI o Sandbente A « 1 — ° ~i
ARABIAN SEA 2 oan 1 o © i | (o (i b OGS ;
i D& N} """ - ~Yor o o Wum—no s\@ E Ay ‘_‘_,n-- -
N s :
vz o Hd o LR AR A I
RN o ‘3 o i) - oV, | f? - v
R e .
.= 0500 M i i £ A _.a““’&-._i. T R T o e s | \\
. é@y ! - Mg vy s | | Q;f: A1V Sph-e. S
: <L «p N OCT. Foastticas P 5 KRN e ‘ﬂ?’s NOV. Gg | S ]
15—& Fne : -~ - - - 15
Ed & B 47 X T L
. sacT (€ T BAY . i Anpaman &®”
"o & _’gozz oF g "~ SEA % |
3 Q - o BENGAL s .
AR I e i o T e U s
L. = Z’ E_ mr& & 2 I;’ﬂ t Viagia Posi
L I _____? g ’ ﬁ : “"?:;%?;— —
) | _ W S | gl 6@‘
S e LS T R
- | | ¢ =) . 2__/i'
. i Ly 2 4102 2 { |8 !
.| | 1 WEC. 15 DEC. | 134K, N
B0 85" 3 BO" 85" a0 a5

Fig.3: Withdrawal of the Southwest Monsoon— 2011.
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Fig.5: Sub-divisionwise monthly rainfall distributi on over India during
southwest monsoon season — 2011



o

S
— = -
m_ 5 | dos-ez E 1d3s-annc
~ _ =) des-8z
| das-12 m
= das-12
8 das-vT w
c 3 — das-y1

g des-, Q ;

) 9S-/
@®© Bny-Tg =
@ s Bny-1¢
m Bny-vz c
S bny-veg
= bny-21 m.ﬁa By T

Bny-0T c

= e o Bny-01
2 bny-¢ 2 3
— & c 2 Bny-
© ke g =2 Inc-22
A ne-0z = 2
o ! = Ing-02
S INC-€1 o
E o Inc-¢1
% Inc-9 mg Inc-9
m unc-62 £ ~ ung-62

k —
' ung-zz “ .
2 0 3 ung-zz
: unp-gT W unrc-qT
X o !

© o © o o o o 9o 9o o9 X , , , , ,

5% § 8 8 8 ° 38 8§ 8 % ¢ 3 8§ s w8 S & g
._.nl_..u 3IYNLYYdIA IOVINIOYId W 3¥NL¥YVd3Aa I9VLINIONId

N~

=2

oL

FOR THE PERIOD FROM 1ST JUNE ONWARDS



