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1. Current skill in predicting ENSO using 
dynamical models

2. The principal of CNN machine learning 
3. Prediction skill of CNN model 
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Iizumi, Luo et al. (Nature Comm. 2014)

El Niño    La Niña Normal year

Impact of ENSO on global crop yields

Yangtze flooding in 1998

South China drought in 2011 spring

Large impacts of tropical climate signals 

Extremes induced by ENSO
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Seasonal-multiyear prediction of ENSO

Jin et al.  2008

Luo et al. 2008
lead time (month)

2-year prediction of ENSO



Monthly updated real time forecasts of 
ENSO and IOD up to 2 years ahead 

(https://icar.nuist.edu.cn/)

预测意见
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Monthly updated real time forecasts (1-24 months lead)  

Including: El Niño index, El Niño-Modoki index, IOD index 
Sea Surf Temp Anomaly, Precipitation Anomaly, 2m Temp Anomaly
ZUV 200/500/850 hPa Anomaly, etc. 

(https://icar.nuist.edu.cn/)

https://icar.nuist.edu.cn/


ENSO real time forecasts using multiple models and methods
https://iri.columbia.edu/our-expertise/climate/forecasts/enso/current/



Convolutional Neural Network (CNN)

▲ Artificial Intelligence Algorithm Mimicking Human Decision Making Process
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How CNN works：

2. Pooling Layers

1. Convolutional Layers + threshold function



• Face Recognition (Facebook)

• Autonomous Car (self-driving car) • Image Recognition

CNN method is good to finding pattern of predictor for predictand.

Popular use of CNN



Structure of CNN for ENSO Prediction



Correlation Skill of 3-month-averaged Nino3.4 forecast 
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Forecast skill of Feed-forward Neural Network (FFNN) model



Skill of El Nino-type (CP, EP, mixed) forecasts





CNN prediction of SON IOD index
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Rapidly blooming of AI application to ES studies
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CNN mimics Human Visual System（David Hubel, Torsten Wiesel）



Difference with multiple linear regression

predictors

Complex 
interactions 

between 
predictors

predictand

Linear model 𝑦 = 𝒘𝒙 CNN model 𝑦 = 𝜑(𝒘𝒙)
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• 1st training : CMIP5 archives (number of samples : about
2,700)

• 2nd training : Reanalysis from 1871 to 1973
• Initial weighting for 2nd training is final weighting of 1st training

Transfer learning



CNN real time prediction of ENSO up to 2-year lead

预测理由



CNN prediction of SON IOD index
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Summary

Perspective

Ø ENSO prediction 
Machine deep learning (CNN) outperforms most dynamical 
models’ prediction of ENSO and IOD at seasonal to multi-
year lead.  

Ø Develop ML for Earth Science
Ø Help extract complex teleconnections and causality of 

climate signals   
Ø Help improve model parameterizations 
Ø Help reduce biases in model predictions
Ø Help downscaling of the large-scale products  


