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(see real-time products on https://icar.nuist.edu.cn/)
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ENSO prediction based on LeNet-5 CNN and CGCMs

Y-G Ham, J-H Kim, J-J Luo, Nature, 2019, 573 (7775), 568-572.



ResoNet: Combining CNN and Transformer for ENSO forecast

P Lyu, T Tang, F Ling, J-J Luo, N Boers, W Ouyang, and L Bai, AAS, 2024, 41 (7), 1289-1298.



SON MAM & JJA

Predictions of IOD using a multi-tasking DL model

F Ling, J-J Luo, Y Li, T Tang, L Bai, W Ouyang, and T Yamagata, 
Nature Communications, 2022, https://doi.org/10.1038/s41467-022-35412-0 



Improve JJA precipitation prediction using two-step UNet
(108°-125°E, 25.31°-34.31°N)

S Yang, F Ling, Y Li, and J-J Luo, AI for the Earth Systems, 2023, https://doi.org/10.1175/AIES-D-22-0078.1



CycleGAN for correcting extreme precipitation forecast over China

S Yang, F Ling, J-J Luo and L Bai, AAS, 2025, https://doi.org/10.1007/s00376-024-4003-3

Ling et al., ERL, 二审



Diffusion probabilistic model for climate downscaling 

Ling et al., ERL, 二审
F Ling, Z Liu, J-J Luo, L Bai, SK Behera, D Jin, B Pan, H Jiang, T Yamagata, 

npj Climate and Atmospheric Science, 2024, 7 (1), 131.

Reconstruction of past 180yr
∆x=100km ∆x=10km



AI global weather forecast model (Fengwu）

0-14 days forecasts (∆x = 25 km, global)

WRMSE of Z500 forecast at 3-day and 5-day lead

K Chen, T Han, F Ling, J Gong, L Bai, X Wang, J-J Luo, B Fei, W Zhang, X Chen, L Ma, T Zhang, R Su, Y Ci, B Li, X Yang, W Ouyang, 
2025, Communications Earth & Environment, https://www.nature.com/articles/s43247-025-02502-y



Fengwu-GHR model (∆x = 9 km, global) 

T Han, S Guo, F Ling, K Chen, J Gong, J-J Luo, J Gu, K Dai, W Ouyang, L Bai, 2024, https://arxiv.org/abs/2402.00059



Fengwu-W2S: weather-to-subseasonal ensemble forecast model

F Ling, K Chen, J Wu, T Han, J-J Luo*, W Ouyang, L Bai*, 2024, https://arxiv.org/pdf/2411.10191

(∆x = 140 km, global) 
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    ORCA-DL: A global ocean emulator for seasonal to decadal predictions

Z Guo, P Lyu, F Ling*, L Bai*, J-J Luo*, N Boers, T Yamagata, T Izumo, S Cravatte, A Capotondi, W Ouyang, 
2025, https://arxiv.org/pdf/2405.15412, Science Advances (accepted)

Global ocean forecast Global marine heatwave forecast

ENSO forecast

(∆x=100 km, 16 layers within 0-1000m) 



 Thank you！
For future communications, 

Email: jjluo@nuist.edu.cn; wechat: ensochat

https://scholar.google.com.au/citations?user=WT6Zn94AAAAJ&hl=en





A LSTM model for Arctic sea ice prediction    

The skill based on long short-term memory networks is comparable to ECMWF-C3S

LSTM network structure Predicted sea ice cover in Sep.

RMSE of 1-month lead prediction

J Wei, R Hang, and J-J Luo, Frontiers in Marine Science, 2022, 
https://doi.org/10.3389/fmars.2022.860403



RMSE ACC
SWH d1 0.27 0.941
SWH d2 0.351 0.879
SWH d3 0.388 0.827
MWP d1 0.555 0.909
MWP d2 0.875 0.733
MWP d3 0.999 0.617
MWD d1 28.038 0.871
MWD d2 36.143 0.769
MWD d3 39.767 0.698

L Ouyang, F Ling, Y Li, L Bai, and J-J Luo, AOSL, 
2023, https://doi.org/10.1016/j.aosl.2023.100347

AI forecast of ocean wave

The Atlantic Ocean 

F Ling, L Ouyang, B R Larbi, J-J Luo, T Han, X Zhong, L Bai, Science 
China Earth Sciences, 2024, 10.1007/s11430-024-1452-3.

Vision Transformer (global)

Lead time (day)



Improve probabilistic forecast of JJA precipitation using Conditional Variational auto-Encoder

F Ling, Y Li, J-J Luo, X Zhong, and Z Wang, ERL, 2022, 
https://doi.org/10.1088/1748-9326/aca68a



AI correction of WW3 wave forecasts 

D Sun, W Huang, Y Luo, J-J Luo, J S Wright, H Fu, and B Wang,  
GRL, 2022, https://doi.org/10.1029/2022GL100916

Unet



AI correction of GFS winter precipitation forecast

D Sun, W Huang, Z Yang, Y Luo, J-J Luo, J S Wright, H Fu, and B Wang, 
GRL, 2023, https://doi.org/10.1029/2023GL104406



Fengwu-Adas for “end-to-end” forecast (∆x = 25 km) 

K Chen, L Bai, F Ling, P Ye, T Chen, J-J Luo, H Chen, Y Xiao, K Chen, T Han, W 
Ouyang, 2024, https://arxiv.org/abs/2312.12462

Data assimilation global forecast



AI ensemble global weather forecast (FuXi-ENS）

X Zhong, L Chen, H Li, J Liu, X Fan, J Feng, K Dai, J-J Luo, J Wu, B Lu, 2024, 
https://arxiv.org/abs/2405.05925, submitted to Science Advances
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