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ENSO Prediction Skill over time in SEAS5

Lou et al (2023)

Resolution: AGCM: 50 km, OGCM:110 km
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Challenge# 1: Monsoon Forecasts needs to initialized in spring 
(Despite of strong association with ENSO)

Sharma et al (2023)



Challenge#2: Low variability both in SST/Rainfall



Correlation coefficient 

between ISMR and SST indices

a) Observations

June July Aug Sep JJAS

Niño 1+2 -0.36 -0.21 0.18 -0.16 0.03

Niño 3 -0.3 -0.45 0.01 -0.41 -0.3

Niño 3.4 -0.23 -0.48 -0.03 -0.53 -0.42

Niño 4 -0.2 -0.27 -0.04 -0.54 -0.35

EMI 0.1 -0.11 -0.14 -0.43 -0.34

IOD 0.08 0.05 0.22 -0.19 0.03

East IOD -0.43 -0.02 -0.3 0.15 0.08

West IOD -0.28 0.05 -0.04 -0.11 0.13

Correlation coefficient 

between ISMR and SST indices

b) MMCFS

June July Aug Sep JJAS

Niño 1+2 -0.39 -0.7 -0.77 -0.69 -0.81

Niño 3 -0.25 -0.69 -0.72 -0.67 -0.74

Niño 3.4 -0.2 -0.64 -0.66 -0.64 -0.68

Niño 4 -0.23 -0.61 -0.64 -0.61 -0.68

EMI 0.21 -0.13 -0.49 -0.54 -0.34

IOD -0.5 -0.42 -0.63 -0.6 -0.63

East IOD 0.28 0.12 0.43 0.51 0.34

West IOD -0.19 -0.33 -0.39 -0.38 -0.34

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

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

From: Renu S. DasChallenge #3 underestimation of IOD-ISMR relationship



Ratio of synoptic scale (2–10 days band
pass filter) variance to total variance in
GPCP for June (a), July (b), August (c),
September (d), and JJAS (e). f–j is similar to
(a–e) but for MMCFS, k–o is CCSM4 and
(p–t) is similar as (a–e) but for GFDL-FLORB
(values are given in percentage)

Challenge#4: Getting reasonable Synoptic variability 



MMCFS: Next Generation Seasonal Prediction System

Jain et al (2024), Ankur et al (2022) and Pradhan et al (2022)

Ocean Model

MOMv6

global

1/4ox1/4o (1/8o in tropics)

50 levels

Higher resolution 1m at top 10 m

Bio-Geo Chemistry

Atmospheric Model

GFS-SL/TcO (T574)

~ 38 km

Land Model

NOAH (4 layer in 

surface)

Ice Model

SIS2

COUPLER

RTM & COARE 3.0 (Wave 
Model?)

ATMOSPHERIC 
INITIAL 

CONDITIONS

OCEAN INITIAL 
CONDITIONS

Ocean Model

MOMv4

global

1/2ox1/2o (1/4o in tropics)

40 levels

Present System

Atmospheric Model

GFS-EL (T382)

~ 38 km

Land Model

NOAH

Ice Model

SIS

COUPLER

ATMOSPHERIC 
INITIAL 

CONDITIONS

OCEAN INITIAL 
CONDITIONS

Prescribed annual 
mean climatological 

runoff

Routing 
model

to route
runoff to 

MOM

Weakly/Strongly 
Coupled DA

Borrowed from NCEP/COLA

Indigenous development
Individual components are
developed elsewhere mostly in US



M
aj

o
r 

C
h

an
ge

s 
to

 M
M

C
FS

 V
2



Skill of the Models (During Monsoon Mission)

Skill=Correlation between Observed and Predicted anomalies

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

Year Stat* Dynamical* Actual MMCFS1 
(APR IC)

MMCFS2 
(APR IC)1st Stage* 2nd Stage* 1st stage 2nd Stage

2011 98 95 106 102 97 107

2012 99 96 100 104 93 85 102

2013 98 98 104 108 106 102 99

2014 95 93 96 96 88 87 86

2015 93 88 91 86 86 91 77

2016 106 106 111 112 97 117 103

2017 96 98 96 100 95 100 89

2018 97 97 99 105 91 110 93

2019 96 96 94 97 110 104 98

2020 100 102 104 107 109 114 113

2021 96 103 114 99 114 108

2022 99 103 116 106 116 106

2023 96 96 94 93 90

NRMSE 0.91 0.82 1.17 1.20 1.26 0.84

Skill
0.33 0.53 0.43 0.45 0.56 0.74

*Source: IMD End of Season Reports

Pillai et al. (2018)
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 Out of 25 re-forecast years, MMCFSv2 could capture 

20 years correctly, while MMCFSv1 could capture 15 

years.

 Reduced dry bias from 1.32 (MMCFSv1) to 1.04 

(MMCFSv2) mm/day (~20%) with respect to GPCP.

 Higher skill of 0.72 over 0.55 of MMCFSv1 (~ 30% 

improvement) when GPCP is considered as 

observation.

Interannual Variability of ISMR and Model Skill

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

Suneeth et al. (2024)

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

Model MMCF
Sv2

SEAS5 SPEAR

AGCM 38 km 36 km 50 km (O)
25 km (R)

OGCM
(Tropics)

0.25o 0.25o 0.3o



Evaluation of forecast information
Discussions with farmers (ICRISAT)


