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Outline
Some basic relations between monsoon and ENSO
Seasonally persistent modes of monsoon — ENSO and IOD
Relative roles of ENSO and IOD modes

Relation between persistent monsoon modes and SST
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Interannual Variability of Indian Monsoon Rainfall

The long-term mean of JJAS seasonal IMR index (rainfall area averaged over India) is 852
mm (about 7 mm/day).
The standard deviation is 83 mm (about 0.7 mm/day), about 10% of the long-term mean.

The JJAS seasonal mean of rainfall exhibits a pronounced interannual variability.

There are several flood (above-normal rainfall) years and several drought (below-normal
rainfall) years, crossing 1 standard deviation.

There were 18 flood years and 23 drought years during 1871-2010.

JJAS Seasonal IMR index
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Monsoon and ENSO

There are many years when strong
(weak) monsoon season is followed
by La Nifna (El Nifio) condition over
the Pacific Ocean.

1942

Strong or flood monsoon season
La Nifia in the Pacific Ocean

1965

Weak or drought monsoon season
El Nifio in the Pacific Ocean

2 August 2012

Rainfall (mm/day): JJAS Seasonal Anomalies
Weak Monsoon 1965

Strong Monsoon 1942
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IMR Index = Rainfall averaged over India

Sea Surface Temperature (C): DJF Seasonal Anomalies
La Nina 1942
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El Nino 1965

NINO3 Index = SSTA ave(150W—90W, 5S—5N)
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Monsoon rainfall and ENSO SST

JJAS Indian rainfall (IMR index) and DJF ENSO SST (NINO3 index)
A number of La Nina (El Niflo) years are associated with strong (weak) monsoon years.
There are also exceptions such as 1997. Correlation = -0.6
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Lagged relation between monsoon and ENSO

Lag correlation of monthly ENSO indices (NINO3 and SOI) with JJAS seasonal Indian
monsoon rainfall index.
Strongest correlation occurs during October-January following the monsoon season.
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Lagged relation between monsoon rainfall and SST

Lead-lag composites of SST anomalies
based on (strong-weak) IMR

Hadley SST Seasonal Anomaly
JJUAS Seasonal Anomaly IMR Composites (Strong—Weak)
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Decadal-scale variation in monsoon-ENSO relation

Correlation between NINO3 and IMR seasonal anomalies

in 21—year moving window
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2012 Monsoon

Deficient rainfall over most of India

1 June-18 July 2012
INDIA METEOROLOGICAL DEPARTMENT

RAINFALL (mm.) FOR THE PERIOD
01.06.2012 TO 18.07.2012

1 June-25 July 2012
INDIA METEOROLOGICAL DEPARTMENT

RAINFALL (mm.) FOR THE PERIOD
01.06.2012 TO 25.07.2012

BAY OF BENGAL BAY OF BENGAL

CATEGORYWASE NO. OF SUBDIVISIONS CATEGORYWISE NO. OF SUBDIVISIONS
01.06.2012 01.06.2012 01.06.2011 01.06.2012 01.06.2012 01.06.2011

203.5(6) 18.07.2012 11.07.2012 20.07.2011

EXCESS 1 0 8

244.5(6) 25.07.2012 18.07.2012 27.07.2011

"|excess 1 1 [

HORMAL 10 15 22

NORMAL 13 10 22
DEFICIENT 22 7 L]

DEFICIENT 18 22 8
SCAHTY 3 4 0

SCANTY 4 3 0
HO RAIM 0 0 0

HO RAIN 0 0 0

Al India_Area Weighted Rainfall (mm.)|

Actual Mormal % Departure All India Area Weighted Rainfall (mm.)|

256.4 328.1 22 Actual Hormal % Departure
SRI 309.9  395.6 22
INDIAN LANKA OCEAN SRI
INDIAN LANKA OCEAN

LEGEND: EXCESS [+20% OR MORE] NORMAL [+19% TO -19 DEFICIENT [-20% TO -59:

g : 1 g { "3 O £ # LEGEND: [C] EXCESS (+20% OR MORE) [Z] NORMAL (+19% T0-19%) [I] DEFICIENT (-20% TO -59%)

] sCANTY (-60% T0-99%  [] NO RAIN [-100%) [Ino paTa
NOTES: I ScanTY (60% T0-99%)  [[]NO RAIN (-100%) [ nNo DATA

NOTES:

(a) Rainfall figures are based on operational data.

[b) Small figures indicate actual rainfall [mm.), while bold figures indicate Normal rainfall (mm.)
Percentage Departures of Rainfall are shown in Brackets.

[a) Rainfall figures are based on operational data.
[b) Small figures indicate actual rainfall [mm.], while bold figures indicate Normal rainfall [mm.]
Percentage Departures of Rainfall are shown in Brackets.
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Developing EI Nifio

7-day average centered on
11 July 2012

7-day average centered on
18 July 2012

NCEP/EMC
Global Climate & Weather
Modeling Branch

2012 ENSO
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Monsoon-ENSO Teleconnection

ENSO-monsoon connection is described through Walker and Hadley circulations.
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Hadley circulation

—Omega JJAS Seasonal Anomaly

El Nino Composite (ave 70E—85E)
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Monsoon-ENSO Teleconnection
200hPa (u,v) JJAS Seasonal Anomaly

850hPa (u,v) JJAS Seasonal Anomaly
El Nino Composite

El Nino Composite
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Predictability of Seasonal Monsoon

Optimism for long-range prediction of monsoon

Charney-Shukla hypothesis (1981)

“... alarge part of the low-latitude variability is due to boundary anomalies in such
guantities as sea surface temperature, albedo and soil moisture, which having long time
constants, are more predictable than the flow instabilities.”

Conceptual model based on Charney-Shukla hypothesis

The seasonal mean monsoon rainfall consists of an externally forced large-scale persistent
(nearly the entire season) component and an intraseasonal component that is independent

of external forcing. (Krishnamurthy and Shukla 2000)

Modify the conceptual model to consider monsoon as a coupled phenomenon

2 August 2012 2012 TTA ICTP 13



Multichannel Singular Spectrum Analysis (MSSA)

Data X(t), at I=1,...,L grid points (channels)
and t=1, ..., N equally spaced in time

Make M lagged copies of the data and construct
M x N'Lagged data matrix Y, NN=N—-M + |

Compute the grand lag-covariance matrix
C=(/N)YTY, LM x LM matrix

Diagonalize C and obtain

Eigenvectors E, = {E,I(j)}, k=1,...,LM; J=1,...

PCs A() = 3 3 Xt~ 1) Eg(t), t=1,...,N'

RCs (Reconstructed Components) Ry (t) = (/M) ; Al(t—j+1) Ey()

RCs have the same spatial extent and time length as the original data.

The sum of all the RCs is equal to the original data.
The MSSA modes are thus obtained in a data-adaptive manner.
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MSSA of OLR and rainfall over the monsoon region

MSSA of daily data was performed over the monsoon MJO region.

Oscillatory and persisting (or trend) components in the form of RCs were obtained from the

EOFs and PCs

Observed data:

Daily OLR anomalies over 40°E-160°E, 35°S-35°N for 1975-2002
Daily Rainfall anomalies over India for 1901-1970

JJAS season

Lag window: 60 days at one day interval

Dominant modes obtained from MSSA:

45-day oscillatory mode (pair)

Two Seasonally persistent modes

28-day oscillatory mode (pair)

2 August 2012 2012 TTA ICTP
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Indian monsoon modes

Oscillatory mode with a broad-band spectrum centered at
45-day period. This mode propagates northeastward and
describes active/break cycle.

Oscillatory mode with a broad-band spectrum centered at
28-day period. This mode propagates northwestward and
also describes active/break cycle.

Seasonally-persistent mode related to ENSO.
The same pattern persists throughout the season but changes
from year to year.

Seasonally-persistent mode related to Indian Ocean dipole (I0OD).
The same pattern persists throughout the season but changes
from year to year

2 August 2012 2012 TTA ICTP
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Seasonal mean rainfall

: All-India average of total rainfall anomaly and RCs
over India

2.0 *Total *RC12 Correlation = 0.05 0.2

MSSA of rainfall over India
1901-2004

45-day mode

1900 1920 1940 1960 1980 2000

2.0 *Total *RC56 Correlation = 0.08 } 0.2

28-day mode

1900 1920 1940 1960 1980 2000

2.0 *Total *RC34 Correlation = 0.8 }2.0
ENSO + Dipole modes

(most contribution to the
seasonal mean and best
correlation)

1900 1920 1940 1960 1980 2000
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Seasonal Mean ENSO and IOD modes

JJAS Seasonal Mean

The seasonal mean depends on the relative values of the ENSO and 10D modes
1987 ENSO and IOD add up over India (Constructive interference)
1997 ENSO and IOD oppose over India (Destructive interference)

1988 ENSO is strong but 10D is negligible

ENSO mod 1987 ENSO mode 1997
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Relative roles of
persistent modes
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Seasonal monsoon rainfall and SST

Lagged daily correlation between the IMR

index of total rainfall anomalies and SST

2 August 2012
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Persistent monsoon modes and SST

Lagged daily correlation between the IMR
index of the ENSO monsoon mode and SST
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Persistent monsoon modes and SST

Lagged daily correlation between the IMR
index of the IOD monsoon mode and SST
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Lagged Relation with SST

Lagged correlation between daily OLR

RC indices and daily SST indices Y3 Rttt B | e
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DEMETER simulations

2 August 2012

Coupled model simulations
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DEMTER simulations

ENSO mode in rainfall
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Coupled model simulations
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DEMETER simulations

ENSO mode

2 August 2012

Coupled model simulations
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Summary

Monsoon rainfall is deficient (excess) during many El Nifio (La Nifia) years

Total seasonal monsoon rainfall has moderate correlation with ENSO during the
monsoon season.

Monsoon rainfall has two seasonally persistent modes — ENSO and 10D
The ENSO monsoon mode has strong lead/lag correlation with ENSO SST index

The relative strengths of ENSO and IOD modes determine the seasonal rainfall

2 August 2012 2012 TTA ICTP
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