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ENSO Prediction Skill over time in SEAS5

Correlation between % rainfall anomaly (JJAS) and detrended Nifio3 4
SST anomaly (JJAS) over the four homogeneous zones of India during

the two periods.
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Sharma et al (2023)

1961-1990 1991~-2020
North-West india 0.71* 0.34
Central India 0.51* -0.20
North-East India 0.17 0.13
South Peninsular India 0.58* 0.42*
Al India 0.65¢ 0.41% |

*Statistically significant correlation values with 95% confidence level. ‘
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Challenge# 1: Monsoon Forecasts needs to initialized in spring

(Despite of strong association with ENSO)
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Verification seasen

SEASS-?rOC
1
WA (yrs2) _| (c) O N
: = :
MAM (yr+2) N R N \ \ ”
DJF (yrs1) 3N T
yr« - .
| S
SON (yr+1) w
JJA (yre1) 8
MAM (yr+1) z
DJF (yr+0

PUF (yr+1)
SON (yr+1)
JJA (yre1)

MAM (yr+1)
DJF (yr+0)
ON (yr+0)
JA (yr+0

May starts

1920 1940 1960 1880

I pa—
02 03 04 05 06 07 08 09

Lou et al (2023)

TOGA/TAO
Period

Resolution: AGCM: 50 km, OGCM:110 km




~ Std. Dev. and Std Dev/Mean ratio

Challenge#2: Low variability both in SST/Rainfall

mm/day
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Challenge #3 Overestimation of ENSO-ISMR relationship in the coupled model

Correlation coefficient
between ISMR and SST indices

Nifio 1+2
Nifio 3
Nifo 3.4
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East IOD
West IOD

Correlation coefficient
between ISMR and SST indices
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Nifio 3
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Challenge #

June

-0.36
-0.3
-0.23
-0.2
0.1
0.08
-0.43
-0.28

June

-0.39
-0.25
-0.2
-0.23
0.21
-0.5
0.28
-0.19

July

-0.21
-0.45
-0.48
-0.27
-0.11
0.05
-0.02
0.05

July

-0.7
-0.69
-0.64
-0.61
-0.13
-0.42
0.12
-0.33
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a) Observations
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Aug

0.18
0.01
-0.03
-0.04
-0.14
0.22
-0.3
-0.04

MMCFS
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Sep

-0.16
-0.41
-0.53
-0.54
-0.43
-0.19
0.15
-0.11

Sep

-0.69
-0.67
-0.64
-0.61
-0.54
-0.6
0.51
-0.38

JJIAS

0.03
-0.3
-0.42
-0.35
-0.34
0.03
0.08
0.13

JJIAS

-0.81
-0.74
-0.68
-0.68
-0.34
-0.63
0.34
-0.34

Table 1: Correlation
coefficient of ISMR
and SST anomalies
for different indexes
of Observations (a) ,
MMCEFS (b)model.

From: Renu S. Das






MMCFS: Next Generation Seasonal Prediction System

Atmospheric Model

ATMOSPHERIC GFS-SL/TcO (T574)
INITIAL 38 km e

CONDITIONS

Ice Model
SIS2

Routing
model
to route
runoff to

— COUPLER

Weakly/Strongly
Coupled DA

Indigenous development
Individual components are
developed elsewhere mostly in US

Borrowed from NCEP/COLA Jain et al (2024), Ankur et al (2022) and Pradhan et al (2022)



Major Changes to MMCFS V2

Table 1. Major changes to model components between MMCFSv1 and MMCFSv2.

Model/component Atmosphere Ocean Ice model Land model = References
(resolution) (resolution)
MMCEFSv1 GFS-EL MOM4p0d SIS sea ice NOAH-LSM  Moorthi et al. (2001)
(T382, ~38km) (0.5 x0.25 Griffies et al. (2004)
between Winton (2000)
10° S-10° N) Ek et al. (2003)
MMCEFSv2 GFS-SL MOM6 CICES NOAH-LSM  Sela (2010)
(T574, ~38km) (0.25 x 0.25 Adcroft (2016)
between Hunke et al. (2015)
10° S-10° N) Ek et al. (2003)
Parameterizations Cumulus Ocean vertical grids Ocean physical
closures
Vi1 SAS Fixed (B stencil) Non-scale aware
V2 New SAS Arbitrary Lagrangian Scale-aware
Eulerian (C stencil) parameterizations
Horizontal
grid size
V1 1152 x 576 720 x 410 720 x 410 1152 x 576
V2 1152 x 576 1440 x 1080 1440 x 1080 1152 x 576




Skill of the Models (During Monsoon Mission)

o Year Stat* Actual |MMCFS1{MMCFS2
T * CFSv2-T382 1%t Stage* | 2" Stage* (APRIC) | (APRIC)
- MultiMode!
150k Yk choq 2011 | 98 95 102 97 107
ke oy et 2012 99 96 93 85 102
s T oo 2013 98 98 106 102 99
£ GFDLBO1 2014 95 93 88 87 86
S 1.00 F——~__ . GFDL-A0B
S ‘ GFDL-CM2p1 2015 93 88 86 91 77
3 < GFDL-aer04
B 0.75 ~ o COLA-CCSM4 2016 106 106 97 117 103
B L B e e 2017 | 96 98 95 100 89
500 ™ owcrcwows | 2018 | 97 97 o1 | 110 | 93
o5 L i 2019 96 96 110 104 98
, | 2020 100 102 109 114 113
L 1 | | | |
000 025 050 0.75 125 150 175 2021 96 103 29 114 108
Pillai l. (2018 29 116
illai et al. ( ) % 93
Monsoon Mission Model Performance

(Prediction Skill as well as interannual
variance) is better than other models for
Indian Monsoon.

Skill=Correlation between Observed and Predicted anomalies

*Source: IMD End of Season Reports



Interannual Variability of ISMR and Model Skill
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R 1.25 [—v—h\,g'\é" - -
:'"  Teleconnection (withISMR) Nifio3.4 EIOD AMM AZM -
% | — Observations —0.64 —-0.04 0.18 0.19 |
© —-MMCFSwv2 —-0.75 033 —0.07 046 -
— MMCEFSv1 —0.83 0.68 0.35 0.08 -
7 Skill Nifio3.4 EIO AMM AZM =
o Out
20 y — MMCFSv2 0.83 0.42 0.15 0.32
. ke —MMCFSv1 082 058 001 013 —
(MM 2
« Higher skill ot 0.72 over 0.55 ot MMCFSV1 (~ 30% vs GPCP -1.04 U7z | 101 | vid2
iImprovement) when GPCP is considered as MMCFSvl | 5.67 0.59 -
ObserVation. :: lGN:’IC)P -:Z: 0:55 8.99% 1.06

Deepesh et al. (2024)
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Skill of ISMR from Next Generation Models from GFDL, ECMWF
and [ITM

3 | I | | | | I | 1 | | | | I 1 | | | | | |

ITM’s MMCFSv2 is better in predicting the Indian Summer Monsoon and other drivers of Monsoon Rainfall

I GFoL SPEAR I MMCFSv2 [ |GPCP [ SEASS
GFDL-SPEAR : CC = 0.61 (GPCP)
MMCFSv2 : CC = 0.71 (GPCP)
2 - SEASS5: CC = 0.55 (GPCP) [~
>
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OGCM 0.25° 0.25° 0.3° ® -
(Tropics)
Tt 1T 1 L] 1 1 T 1t 1 1
-3 I I I [ I [ [ I I | I [ I I I I I [ I I I I
1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
Year
skill Nino 3.4 EIOD WIOD DMI AZM AMM
SPEAR 0.61 0.39 0.34 0.25 0.13 0.30
MMCFSv2 0.85 0.34 0.62 0.27 0.35 0.46

Suneeth et al. (2024)
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