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CMORPH OBS Precip Climo JJAS (2003—2006)
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The normal situation:

® The warmest water is not at the equator!

® There is a roughly 5°C (9°F) temperature contrast from west to east.
¢ Winds blow from the cooler to the warmer water, and converge on the

West Pacific Warm Pool.

Sea surface temperature in the tropical Pacific
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~_Sea Surface Temperature-and Climatﬁﬁg'y —
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JFM CMAP Precipitation
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JFM CMAP Prempltatlon
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Observed and Model Simulated JJA Rainfall Anomaly (mm/day)
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ENSO-Monsoon Relationship
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Interannual Variability of Tropical Pacific SW
(NINO3, 150°-90°W, 5°S-5°N)
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1871-2010 India Rain JJAS Anom (mm/day) -
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Eastern Tropical Pacific normalized SSTA composite
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CMORPH OBS Precip Climo JJAS (2003—2006)
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PERSISTENCE OF RAINFALL IN
ANOMALOUS MONSOON SEASONS

(a) ALL-INDIA RAINFALL
Heavy Rain Years ~ Deficient Rain Years
Year [Total | Jun  Jul Aug Sep

1874
1878

El Nino

' La Nina

In either heavy or deficient rainfall years (> 1sd), the monthly
values tend to be either enhanced or depressed throughout
the monsoon season
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ENSO and Monsoon rainfall over India——

o L COrT. coef :0.53 a6
»f3 75 w88
- »04 30 470
TEE 1 I [ o 'Eq-._ul"ﬂ-
= .
= o 871
o a97 -
= 863 LY >, 033
20 o0 " *
g = 99
9 .| e
@ #01 - .
= »
S i o .
= -1 o ., *ecs o74
65 ®70
o7
-2r lTEE
-3 -2 -1 0 1 2
ENSO index

£ I

No droughts

Twhen ENSO index >1
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Correlation between NINO3 and All-India JJAS Rainfall

1960-2005
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Time lagged correlation between all-Iindia JJAS Monsoon Rainfall and the NINO3
index during the period 1960-2005. The red hatching indicates the JJAS period, the
horizontal red dashed line indicates zero, and the grey shading indicates the 95%

confidence interval for the time lagged correlation.
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Has ENSO-Monsoon relationship
broken down?
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No; it is sampling variability.
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%’ 3 | M L /—/JW\ Simulated pairs of bi-variate random variables
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Year
Y = pX + W\/ 1-p°
where x and w are independent, normally distributed random variables with
unit variance, and p is a constant (less than or = 1).
Population correlation between random pairs of variables (x and y) produced
by this model, will be equal to p.
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Running 21-year Correlation Between
JJAS NINO3 and ISMR
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ensemble mean ISMR and ensemble mean JJAS NINO3 (colored solid lines), and between ISMR and JJAS
NINO3 of a selected ensemble member from each model (dots connected by solid lines). All-India rainfall
in dynamical models is defined as the total land precipitation within 70E — 90E and 10N — 25N. The center
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Possible Influence of Indian Ocean SST
Anomalies on Predictability of Summer
Monsoon Rainfall
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Indian Ocean:

DMIWEST: (50E—70E, 1{ON—108S)
DMIEAST: (90E—110E, 0—10S)
DMI: (DMIWEST — DMIEAST)

180 120W
Peacific Ocean:
NINO12: (90W—-80W, 0—10S)
NINO3: (150W—90W, 5N-55)

NIN03.4: (170W—120W, 5N-55)
NINO4: (160E—150F, 5N-5S)

60w ¢

Atlantic Ocean:

NTA: (60W—20W, 6N—18N) and
(20¥—10W, 6N—10N)

EA: (30W—10E, 6N-8S)

STA: (30W—-10E, 65-18S)
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Models on full grid, end—of—April ICs {1982—-1995)
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Models on full grid, end—of—April ICs {1982—1995) .
Jul+Aug 1987 Precip Anom

1997 Jul+Aug 1997 SST Anomaly
] 0ISST Vi VT & w| OMAP
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'ﬁ'HThe Atmospheric Influence of Tropical Diabatic Heating
Associated with Developing ENSO on Indian Monsoon

Youkyoung Jang (Ph D Thesis)
(George Mason University)

AGCM is run with climatological SST with, and without a
prescribed diabatic heating/cooling anomaly over West Pacific

and Indian Ocean derived from observed ENSO events.
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Pacific Only vs. Pagific + Indian Oc

—— 1__-___-_-_-____"-'-—'_ SR
L 75-"'-'-'-'-.".‘-‘:::_
> 1997 Pacific forcing(only) W/m? > 1997 Pacific + 10 forcing W/m?
30N T 30N I~ it
19N 15N Nt ﬂ
< 1g==10=
EQ 1 v EQ 1 jﬁ\;:.‘ @950\
155 - td.- 15S 1 ¥ N /ﬂg
305 1 | | 305 -
30F 60F 90F 120F 150F 180 150W 120W 90W 6OW 30E 60FE 90F 120F 150E 180 150W 120W 90W 60W
—= ] [ [ T
—100 —50 —20 —10 1|G 2|O 5|O 1C|JO —100 —_a0 _|20 —!ID 1|G 2|O 5|G ’IC|)O
» Response: » Response:
Psi/ wind at 850hPa Psi/ wind at 850hPa
30N 30N
15N N 15N
EQ §; EQ
159 155
305 - | 305
e 30 100E 120FE 140FE 160E 180 40E  60E 80F 100E 120F 140F 160E 180
= T —— N T — .
e I P g GEORGE
— MAsoON

UNIVERSITY



_u__-l_—_-_'_'_—-—-—r_.—
> 1997 PaC|f|c forcmg only ~ > Observati

.-_—.r?"'"fﬂ.-
ERA—40 ( 10°s

30N 14 feve

30N

15N s 15N A

S80E 100E 120E 140E 160E 180 40F S0E 100 120F 140F 160F 180

=1 [ [ ] | | | [ e =] [ [ ] [ [ \ [ [ T
-4 -3 -2 -1 -05 05 1 z 3 4 -4 -3 -2 -1 -05 05 1 2 3 4

> 1997 Pacific + 10 forcing

* Streamfunction (x1e6s!) at 850hPa

* Wind (m/s) at 850hPa

40E B0E 80E 100E 120E 140E 160E 180  —
1 N A O

— 1

— COLA +

-4 -3 -2 -1 -035 05 1 Z 3
n1 ﬁEDHﬁNE

UNIVERSITY




Influence of Intraseasonal Variations
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FIVE HIGHEST MONSOON RAINFALL

1961.1917.1892, 1956, 1933
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Active

65€ 70E 75E BOE BSE 90E 95E 65E 70E 75E BOE B5E 90E 95E

(a) Active composite and (b) break composite of daily rainfail (mm day™) over India, and (c)
active composite and (d) break composite of low pressure systems (depressions only) during
JJAS 1901-1970. The active (break) phase is defined when the daily all-India average rainfall is
above (below) a threshold of one half of the standard deviation of all-India average rainfall for at

least five consecutive days. The composites are averages over all active/break days during 1901-
70.
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Composite All—India (land) Rainfall — 1956 Q G. Mlh.a.
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Composite All-India (land) Rainfall — 1918 (Eﬂ M‘no)
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Composite All-India (land) Rainfall — 1965 (E.Q N{'MD
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Statistical Prediction of ISMR

What is the skill of historical (operational) forecasts
issued in April/May
for ISMR?
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“Much has been done since
1880... but much more needs to
be done.”

Sir Gilbert Thomas Walker
(1868-1958)
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Hlstory of Forecasting Indian.Summer MOM
— Rainfall (ISMR) -

1877: Major ENSO; ISMR; highly deficient; great famine
1886: First official forecast (Blanford: high Spring snow cover — low ISMR)
1899: Another major ENSQO; another great famine
1904: Gilbert Walker joined IMD (DGO: 1904-1924)

Regression Equations to predict ISMR

Discovered Southern Oscillation & Northern Oscillations
1924-2011: IMD: Regression Equations (16,8,6 predictors)

2009: Artificial skill; too many predictors; Data fishing (DelSole)

2012: IMD: Regression Equations + Dynamical Models
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Observed and Forecast(IMD) All—India JJAS rainfall (% Normcll)
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NW India JJAS rainfall (percentage departure)
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P055|ble causes for failure of skillful
empirical forecasts:

1. Questionable procedures for selecting
predictors (fishing!)

2. Too many predictors (over-fitting)
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Error ot Linear Prediction Models for

Total Indian Monsoon Rainfall (1979-2002)
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DelSoleand-Shukla(2012) —
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«Canonical Correlation Analysis (CCA) for 1880-1959 for May
SST & Indian Subdivisional rainfall. (No Skill)

*CCA: May SST and all India rainfall (1880-1959): 3 SST
patterns; significant skill. In-sample CC = 0.54.

(This Is the highest possible CC using antecedent SST.)

*No skill in independent sample for 1960-2005.
No skill even in the In-Sample CCA for 1960-2005
(Statistical prediction has no future!)
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EOFs of

subdivisional
JJAS rainfall
(1880-2010)

CCA: NO Skill



Correlation Between ISMR and MAY SST (1880-1959)
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Correlation between JJAS all-Indian Monsoon Rainfall and May tropical sea surface temperature during the period
1880-1959 (top), and analogous correlation maps derived from randomized May SST fields (middle and bottom

panels). The same color scale is used in each panel. Insignificant correlations have been masked out.
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DelSoleand-Shukla(2012) —
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«Canonical Correlation Analysis (CCA) for 1880-1959 for May
SST & Indian Subdivisional rainfall. (No Skill)

*CCA: May SST and all India rainfall (1880-1959): 3 SST
patterns; significant skill. In-sample CC = 0.54.

(This Is the highest possible CC using antecedent SST.)

*No skill in independent sample for 1960-2005.
No skill even in the In-Sample CCA for 1960-2005
(Statistical prediction has no future!)
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Prospects for Dynamical -Predictien—ofﬂfg
N Mean Monsoon Rainfall

 Model Fidelity and Predictability

* Hindcasts using CFS and ENSEMBLES Models
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Hypothesis

Models that simulate climatology “better”
make better predictions.

Definition: Fidelity refers to the degree to which the
climatology of the forecasts (including the mean and
variance) matches the observed climatology
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_Climate Model-Fidelity and Predictability™

=
-

Relative Entropy: The relative entropy between two distributions, p,(x)
and p,(x), is defined as

R(p,p,)= Ip log(ledx (1)
] ;3

where the integral is a multiple integral over the range of the M-

dimensional vector x.

|§1| \+ i E-R) P ) (@

| 5]
=l o

where u/ is the mean of p(x) in the kth season, representing the
annual cycle, j is the covariance matrix of p(x), assumed
independent of season and based on seasonal anomalies. The
distribution of observed temperature is appropriately identified with p.,
and the distribution of model simulated temperature with p..

R (p,p;)= 102
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Fidelity vs:Skill

NAM (CC=-0.52)
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20 I | 1 | Fidelity vs. Skill

> . DEMETER 1980-2001
%15 i . « Nov (-0.56) Seasonal Forecasts
L] ji | & . ® Feb (-0.89)
o - Yo - * May (-0.72) o "
.% ) o i o Aug (-0.76) 7 models, 4 initial conditions
® 5 - ..:o
. “ e Lead Time = 0 months

O L | 1 | 1 | 1 | 1

¢ Bt 0= fe T8 08 Fidelity and Skill are
related.
Globe (CC=-0.48)
< ¢ ©F F F Models with poor

> ® * Nov (-0.39) i
3 5 - . o cllmatol-ogy tend to have
£ E ° * May (-0.39) poor skill.
W4 . o> * Aug (-0.54)
s : o Models with better
3 5 . " climatology tend to have
5 better skill.
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Fundamental barrlers to advancmg weather and cllmate
diagnosis and prediction on timescales from days to years are
(partly) (almost entirely?) attributable to gaps in knowledge
and the limited capability of contemporary operational and
research numerical prediction systems to represent
precipitating convection and its multi-scale organization,
particularly in the tropics.

(Moncrieff, Shapiro, Slingo, Molteni, 2007)

Low skills in current dynamical seasonal predictions are not due to intrinsic
limits of predictability, but due to large errors in 1Cs and models.
(a la NWP: large dedicated effort; slow & steady progress)
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Bias
of—April ICs (1982—1995)

JJAS SST Model Bias Model Bias Juas Premdp. Model
Models on full grid, end—of—April ICs (1982-1995) Models on full grid, en
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Dynamical Seasonal Prediction (DSP)
Source of predictability. Dynamical memory of atmos. IC
+ Boundary forcing (SST, SW, snow, sea ice)

DSP = NWP + IC of Ocean, Land, Atmosphere
— dynamically coupled and consistent IC
— Global ocean (especially upper ocean),; sea ice (volume)
— Global Atmos. including stratosphere (IC)
— Global GHG (especially CO,, O,)
— Global land (soil moisture, vegetation, snow depth) IC

Tier 1: Fully coupled models (CGCM) to predict Boundary Forcing
Tier 2: Predict Boundary Forcing separately; use AGCM

*(NWP=Atmos. IC + SST IC)
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ITM-Observations-~ - [ = s I “HE)ES
-EIH\J/II;C-D—BOIogna = oapa}----1 | F---- {o CMCC
UK Met Office — o o I = | o | UKMO
Meteo-France -  @}------4 | }------ o @ Met.Fr
IFM-GEOMAR - og------1 | [----- ] IFM
ECMWF = o J ECMWF
| | | | | |
200 400 600 800 1000 1200

Total JUAS Precipitation (mm)
Box- and whisker- plot of JJAS all India rainfall (mm) for 1960-2005:
Observed (IITM) and hindcasts from ENSEMBLES project. Centerline is
the median, first and last quartile as the ends of the rectangle, and data
not included in the whiskers are open circles.
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"'_'_“*5-GGCMS 46 years, 9 en

Measure of predictability is

where

y=1

1 LA 2
A2 Y
"’V_Y(E_l);;(ljy’e Fy)
1 E
Py:E;P%e
1 X
P:VZPY

y=1

For samples drawn independently from the same normal distribution, and
for Y =46 and E = 9, the 5% significance threshold of F is 1.40
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F for JUAS Precip in ECMWF F for JJUAS Precip in IFM-GEOMAR

—

F-values for JUAS
precip. For 46-years
and 9 ensemble
members the 5%
significance is F=1.4.
Gray color indicates not
F for JJAS Precip in Meteo-France F for JJAS Precip in UK Met Office statistically significant
at 95% confidence
interval.

F for JUAS Precip in Multi-model Anomaly
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F values for JJAS All-India Rainfall from ENSEMBLES
(46 years (1960-2005); Ens.=9)

CMCC-Bologna

UK Met Office

Meteo-France

IFM-GEOMAR

ECMWF
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Multimodel

CMCC-Bologna

UK Met Office

Meteo-France

For 1960-2005 Obs,
CC (April Nino3, ISMR): -0.18
CC (May Nino3, ISMR): —0.21

IFM-GEOMAR

ECMWF

Correlation

Correlation between observed and predicted JJAS all-India rainfall for hindcasts in the ENSEMBLES
data set for the period 1960-2005. All-India rainfall in dynamical models is defined as the total land

precipitation within 70E — 90E and 10N — 25N .
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Seasonal Forecasts (1Apr IC) with CGCM(CFS) & AGCM(GFS)
ISMR (40E—120E,10S—35N)
: (mm/day)
0.8 1
0.6 1
04\ [\, A
0.2 1
0- \ \ /\
V\’
-0.2 1
~0.41
-06{ CC (CGCM):
-081 CC (AGCM):
-1
82 84 86 88 90 92 94 96 98 00 02 04 06 08
Observation CFS(ORA—S4)—Coupled GFS(ORA—S4)—AGCM
MEAN 5.1 5.6 5.5
StdDev 0.35 0.24 0.34
ACC 0.75 0.51
RMSE 0.23 0.34
O A
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Correlation between Observed and Predicted NINO3

o =
e - —— ECMWEF
P —— IFM-GEOMAR
~—  Meteo-France
UK Met Office
—— CMCC-Bologna
- e MULTIMODEL
S May NINO3
§ x ,
g @ |
® o \\ ¥
8
\O\' x
x
5 .
@ _
o
T T T T T
5 6 7 8 9
month of NINO3

Correlation between observed NINO3, and ensemble mean NINO3 predicted by the ENSEMBLES
models, for hindcasts in the period 1960-2005, as a function of calendar month. Also shown is the
correlation between observed NINO3 and the least squares prediction of NINO3 based on the
observed May NINO3 value (thick grey). The ‘x‘-symbols on the far right give the correlations

between the observed and predicted JJAS NINO3 index.
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ECMWF
IFM-GEOMAR
Meteo-France
UK Met Office
CMCC-Bologna
MULTIMODEL

-0.15

correlation
-0.25 -0.20

-0.30

-0.35

I I I I I
5 6 7 8 9

month of NINO3
Correlation between observed JJAS all-India rainfall, and ensemble mean model
predicted NINO3 index, for hindcasts from the ENSEMBLES data set during 1960-
2005. The ‘x‘-symbols on the far right give the correlations for the JJAS NINO3
index in each model. The correlation with the mean of all models is shown as

J@ES

“multimodel.”
W /
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Correlation between Observed and Predicted ISMR

1960-2005
Multimodel : (46 years (1960-2005); Ens.=9)
i
CMCC-Bologna E ‘
UK Mt Office i
Meteo-France : ‘
IFM=-GEOMAR :
: For 1960-2005 Obs,
ECMWF I
: CC (April Nino3, ISMR): -0.18
May NINO3 i CC (May Ninog3, ISMR): -0.21
| | I ' |
0.0 0.1 0.2 0.2 0.4
Comelation

Correlation between observed and predicted JJAS all-India rainfall for hindcasts in the ENSEMBLES
data set for the period 1960-2005. All-India rainfall in dynamical models is defined as the total land
precipitation within 70E — 90E and 10N — 25N .

Last row shows empirical prediction using observed May NINO3.
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«Canonical Correlation Analysis (CCA) for 1880-1959 for May
SST & Indian Subdivisional rainfall. (No Skill)

*CCA: May SST and all India rainfall (1880-1959): 3 SST
patterns; significant skill. In-sample CC = 0.54.

(This Is the highest possible CC using antecedent SST.)

*No skill in independent sample for 1960-2005.
No skill even in the In-Sample CCA for 1960-2005
(Statistical prediction has no future!)
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Summary

* Model’s ability to simulate SST and Q in West Pacific and
Indian Ocean are critical for accurate monsoon prediction.

 Analysis of Variance (F test) calculation for 5 coupled model
(“ENSEMBLES” Project) seasonal predictions for 46 years, 9
member ensembles show high predictability ISMR, but skill of
hindcast for 1960-2005 is rather modest.

« Coupled O-A models for monsoon prediction is the future.
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THANK YOU!

ANY QUESTIONS?
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~—Statements & Conjectures

« The apparent breakdown of ENSO — Monsoon correlation could
be due, in large part, to sampling variability.

« Realistic Land ICs enhance weekly-monthly predictions
(high resolution land rainfall data required)

* Model predictability depends on model’s fidelity to simulate
climate.

» Intraseasonal variations appear to be due, in part, to coupled
convection-dynamics interactions. Realistic simulation of
diabatic heat sources in West-Pac. & 10 will be required for 1ISO
prediction.
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~—Statements & Conjectures

« ENSO prediction skill is sensitive to ocean IC (NCEP, ECMWEF).

« AGCM forced with SST predicted by coupled O-A models have
comparable skill, but larger variance.

(coupling damps the heat flux variability)

« Low skills in current dynamical seasonal predictions are not due
to intrinsic limits of predictability, but due to large errors in ICs
and models.

(a la NWP: large dedicated effort; slow & steady progress)
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TOTAL FOODGRAINS = ALL 'INDIA PRODUCTION

MIL LEIONI TONNES
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1960-2005

CMCC-Bologna

UK Met Office

Meteo-France Meteo-France

IFM-GEOMAR

ECMWF

1960-2005 =

1960-1981

T
0.0 0.1 0.2 0.3 04 0.5 0.6 0.7

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

. Correlation
Correlation

Correlation between Observed and Predicted ISMR
1982-2005

Multimodel

Multimodel

CMCC-Bologna

UK Met Office

Meteo—France

IFM-GEOMAR

ECMWF

1984-2005
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_ Cot Felation between JJAS All-India Rainfall and SST indices

[B&(-1959 1960-2005

551 Predictor April| May JJAS| April| May | JJAS
canonical predictor teained in 1960-2009 -l =] - NA| NA[OJW
canonical predictor teained in 1880-1959 047 0oa 066 0.10] 015 0.34
NINOS A2 <041 <060 018021 -0.49
canonical tendency predictor trained in 1960-2005 (w/ Jan)| -] - -| 046" |0.54"| 06
NINO3 tendency () Jan! 024 0.43 0.60) 044 03 051
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Trends of annual-mean Surface Air Temperatures and Precipitation over 1951-1999

Surface Air Temperature Precipitation
a) Observed
D | e == S i
=t AT oo
g . Observed Trends
. ’\Eﬂ@c‘f{ -
Y .
b) Coupled Simulations _ I Multi-model ensemble-mean trends in 76
W B — e W S I . . .
B N e o EBss COUPLED climate model simulations
5 . e g O . . .. )
‘_\;% - =< %] with prescribed observed radiative forcings
&\‘_\\_‘!’r m“d»-. }; o
Tl g
c_}_UncoupIed Simulalions_. with Prescribed Observed 55Ts
z === Q\\B\ﬂ:\f’{” Pt Multi-model ensemble-mean trends in 87
e = . . . .
5 “j} - AR UNCOUPLED atmospheric GCM simulations
T = e 5 : .
. LW \%‘gm_; A [ with prescr%b‘ed obser_ved glol:ral or tropl_cal SSTs,
o { sl : but no explicitly specified radiative forcings.
per 50 years mm day * per 50 years
15 1 A5 u [I%-] 1 1.5 05 -04 -0 -0 U7 001 02 03 04 04
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Correlation between Observed-JJAS:allIndia-rainfall anWo3

correlation
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Correlation between NINO3 and All-India JJAS Rainfall

1880-2010
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Seamless Predlctlon of Weather and Climate

e R ‘,_,--"’/t
~—From Cyclone Resolving Global Models
to

Cloud System Resolving Global Models

1. Planetary Scale Resolving Models (1970"): Ax~500Km
2. Cyclone Resolving Models (1980~):  Ax~100-300Km
3. Mesoscale Resolving Models (1990~):  Ax~10-30Km
4

. Cloud System Resolving Models (2000 ~): Ax~3-5Km

Organized Cloud Mesoscale Synoptic Planetary
—_— — — —_—

Convection System System Scale Scale
Convective MJIO ., ENSO . Climate
Heating Change
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Towards a Hypothetical “Perfect”’“MGdel

* Replicate the statistical properties of the past
observed climate
— Means, variances, covariances, and patterns of
covariability

« Utilize this model to estimate the limits of predicting
the sequential evolution of climate variability

« Better model — Better prediction (??)

Center of Ocean-Land- % ~

Atmosphere studies %—" @REORGE
COLA MAS

IIIIIIIIII




P JUAS 1972

(—23%)

@F JJAs 1987

JJAS 1979
(-17%)

Rainfall Percentage Departure
from 1871—1990 mean

- Rain > 40%

B o0z to 40%
10% to 20%

. —10% to —20%

B _20% to —40%

- Rain < —40%




ENSO index

ENSO, EQWIN, and Monsoonrainfall over |

2r ' ™ .
Red blobs: droughts
¢ Brown: severe droughts
& Blue blobs: excess
1 B '-..:‘H ] -
Dark blue: large excess
@
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EQWIN Gadgil et al., GRL2004
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Observed ISMR & 4 Ensemble Members (CFS)
(40E—120E,10S—35N)
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All-India JJAS Rainfall vs. MAY NINO3

1880-1982 (blue), 1983-2010 (red), CC= -0.34
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Forecast

Climatology

A variable y; . is defined to be unpredictable at lead 7 if, for all x,

P(Verrlxt) = p(yetr)
forecast climatological
distribution distribution
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ECMWEF Forecast System: Useful Skill for Europe

Useful forecast range (days)
~
]

wl
|

4'l[I_'IlIII!!IlIlIIIIIlIIIIIIIIIIl

80 82 84 86 88 90 92 94 96 98 00 02 04 06 08 10

Record performance of the deterministic forecasting system. The useful
range of the deterministic forecasts for Europe reached its highest ever monthly
value in February 2010. Overall the performance has been consistently good
during 2010. The useful forecast range is determined by the time at which the
anomaly correlation for 500 hPa height operational forecasts at 12 UTC
reached 60%.
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JEM CMAP Precipitation e
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~— The Tale of Two Monsoon Seasons

All India JJAS Monsoon Rainfall as % of Normal

Actual Forecast (IMD)
1994 +13 % -8 %
1997 +2 % -8 %
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JJAS 1994 PRECIP. Anomaly
= _beginning—of—April EC(ORA—S4) ICs
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1871-2010 India Rain JJAS Anom {(mm/day)

B Nino 3.4 JJAS SSTA < -=0.5 standard deviation
15 I Nino 3.4 JJAS SSTA > +0.5 standard deviation

JUAS 1877
(-29%)

JJAS 1918
(-24%)

JUAS 1899
(-26%)

Rainfall Percentage Departure
from 1871-1990 mean
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