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Background

FourCastNet Pangu-Weather GraphCast FengWu FuXi AIFS

Developed by NVIDIA HUAWEI Google DeepMind

Shanghai 
Artificial 

Intelligence 
Laboratory

Fudan University ECMWF

Architecture Transformer Transformer GNN Transformer Transformer GNN

Horizontal 
Resolution

0.25° 0.25° 0.25° 0.25° 0.25° 1/0.5/0.25°

Levels 4+1 13+1 37+1 19+1 34+1 13+1

Time 
Resolution

6h 1/3/6/24h 6h 6h 6h 6h

Variables
high: 4 variables

surface: 5 variables
（with precipitation）

high: 5 variables
surface: 4 variables

high: 6 variables
surface: 5 variables

（with precipitation）

high: 5 variables
surface: 4 
variables

high: 5 variables
surface: 5 variables

（with precipitation）

high: 6 variables
surface: 6 
variables

Features
Frist Transformer based 

weather model

Better than 
ECMWF-IFS in 
some variables

90% of the variables 
outperform ECMWF-IFS 

in all lead times."

Effective forecast 
period: 10.75 days

Superior to ECMWF-IFS;
Comparable to the EC-

ENS control forecast

Superior to 
ECMWF-IFS and 

GraphCast
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Necessity of Data-driven AI Models

《Climate Data Challenges in the 21st Century》,
Overpeck et al., Science , 331 (6018): 700-702. 2011

Advantages in handling big data (Speed) l Running time : less than 1 min
l Demand computing power：single GPU
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Global Medium Range Meteorological Forecasting in AI-Model

Makes predictions for wind, temperature, humidity, geopotential as well as TCs
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Global Medium Range Meteorological Forecasting in AI-Model

Anomaly correlation for next 10 days 
weather forecasts for H500 from AI models 
and ECMWF's operational model(IFS) in 2022.

Anomaly correlation of 144th hour weather 
forecasts for T850 from AI models and ECMWF's 
operational model(IFS) in 2022.

Prediction Ability and the available forcast time Exceed ECMWF(IFS)
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Data-driven AI Models in NMC/CMA

Realtime evaluation platform for 
Data-driven AI modelsReal-time diagnosis and analysis application 

platform for data-driven AI models

Three data-driven weather forecasting models are real time running in CMA
l Pangu-Weather (Huawei)

CMA National Meteorological Centre from Dec 2022
l Fengwu (Shanghai Artificial Intelligence Laboratory)

CMA National Meteorological Centre-from July 2023
Shanghai Meteorological Bureau-from July 2023

l Fuxi (Fudan University)
CMA National Meteorological Centre-from July 2023

Courtesy of National meteorological Center of CMA
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Data-driven AI Models in NMC/CMA

Visualization of 
atmosphere circulation

and Variables
1

Make operational 
products using MICAPS2

Visualization of 
diagnositic variables

and forecast verifications
3
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Data-driven AI Models in NMC/CMA

Tracks of TCs over the WNP and the South China Sea 
from 1st January to 31th October 2023. landfall TCs



预报检验
2023 Typhoon Track Forecast Error

Track Error：

○ Within a 24-hour forecast period, 
Pangu-Weather and FengWu are 
comparable to or slightly worse 
than the European deterministic 
level.

○ For forecast periods of 36 hours 
and beyond, Pangu-Weather and 
FengWu have errors smaller than 
the ECMWF-IFS.

○ Overall, Pangu-Weather has the 
best path forecasting ability, 
while FuXi has the largest 
forecast error.



移速偏差：

Along Track Error（ATE）：

○ Pangu-Weather and 
FuXi underestimate the 
typhoon's speed, while 
the ECMWF-IFS and 
FengWu exhibit the 
opposite.

○ Pangu-Weather reflects 

the speed of movement 
the best, while FuXi 
shows a larger deviation 
in speed.

Along Track Error



移向偏差：
Cross Track Error（CTE）：

○ Before 60 hours lead times, 
the track forecast tends to 
veer left; after 84 hours, the 
track forecast consistently 
veers right.

○ For 72 hours and longer 
lead times, the track 
forecasts of the three large 
models are superior to 
those of the ECMWF-IFS.

○ Fuxi's track forecast has the 
smallest deviation in 
direction on both sides of 
the typhoon's track.

Cross Track Error
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NAME
MAX 

INTENSITY
（m/s）

LIFE  T IME
（day）

ECMWF

Pangu-
Weathe

r

FengW
u

Fu
Xi

2301 Sanvu 23 2

2302 Mawar 68 13 165 137 93

2303 Guchol 40 7 254 124 114

2304 Ta l im 40 3

2305 Doksur i 62 8 125 119 139 94

2306 Khanun 52 15 152 183 103 123

2307 Lan 55 9 101 143 183 163

2308 Dora 40 3 67 9 104

2309 Saola 62 10 198 132 200 392

2310 Damrey 30 4 83 118 160 51

2311 Haiku i 52 9 474 278 226 243

2312 K i rog i 30 3 203 197 159 192

2313 Yun-Yeung 20 3 124 168 187 191

2314 Koinu 55 9 119 102 137 128

2315 Bolaven 68 7 183 134 118 190

2316 Sanba 25 2

2317 Je lawat 18 1

average 169.7  140.8  141.1  176.7  

2023 Typhoon Track Forecast Mean Absolute Error（Average of all Lead Times）

red：
Pangu 
outperform

blue：
ECMWF 
outperform



EC

盘古

伏羲

风乌

杜苏芮

台风编号 台风名称
最大强度
（米/秒）

生命史
（天）

ECMWF 盘古 风乌 伏羲

2305 杜苏芮 62 8 125 119 139 94



EC

盘古

伏羲

风乌

苏拉

台风编号 台风名称
最大强度
（米/秒）

生命史
（天）

ECMWF 盘古 风乌 伏羲

2309 苏拉 62 10 198 132 200 392



EC

盘古

伏羲

风乌

海葵

台风编号 台风名称
最大强度
（米/秒）

生命史
（天）

ECMWF 盘古 风乌 伏羲

2311 海葵 52 9 474 278 226 243



ERA5  0000UTC on Sep 1

At 1200UTC on Aug 29, ECMWF and Pangu predicted the 500hPa Height field for 0000UTC on Sep 
1

EC model predicted the subtropical high much than weak then ERA5, but Pangu model 
predicted much stonger.The track error is large than Pangu. EC predicted HAIKUI move 
northwestward, Pangu predicted better for the moving direction, but the moving speed is 
much slower, and has less track errors.

ECMWF Pangu



Shortage
2023 Typhoon Intensity Forecast Error

Intensity Error：

○ Pangu-Weather, FengWu, 
and FuXi are all 
significantly inferior to the 
major mainstream models 
such as ECMWF-IFS, 
showing a clear systematic 
underestimation in 
typhoon intensity 
forecasting.



Based on the meteorological model, the development of fine-tuning models based on 
CRA40 and can improve the forecast performance for 1-5 days
Maximum available time up to 10.0 days.

Next generation of AI-model development

Improving Strength Prediction through Physical Process Mechanisms

Spectral mode multiscale decomposition



Continuous plan for 
AI for typhoon forecast 
Application

• Goals
• Improve the typhoon forecasting with AI to support
the EW4ALL Initiative

• Comprehensively Evaluate AI’s potential for
typhoon forecasting

• Provide operational AI-driven Typhoon Forecasting
Tools

• Expected Outcomes
• AI-enhanced typhoon Prediction Tools and Products,
including ensemble and deterministic typhoon
forecast products

• Comprehensive Report on AI for typhoon prediction



Thanks a lot for your listening!


