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• Nowcasting：For next 0~6 hour weather prediction, with a very high resolution (minute level and street 

level)

Nowcasting
Radar Extrapolation

Hail PredictionWind Prediction

Rainfall Prediction

What is nowcasting？



Application Scenarios of Nowcasting

• Disaster prevention agencies in preventing meteorological disasters

2024.04.27 广州市遭遇冰雹和龙卷
极端天气，造成5人死亡33人受伤

2023.09.07 深圳遭遇极端特大暴雨，累积
降雨总量619毫米，打破7项气象记录

2023.07.31 北京遭遇罕见特大暴雨，全市平均
降雨量达到331毫米，死亡33人，18人失踪

2021.05.14 武汉突发雷暴大风致8人遇难 2020.05.22 广州突发暴雨致严重内涝 2019.04.11 深圳突发暴雨致11人遇难



Application Scenarios of Nowcasting

• Decision-making in smart agriculture, such as fertilization, and irrigation scheduling

Good timing for fertilization? Irrigation

•  Smart agricultural insurance (e.g., coverage for agricultural facilities and crops).

Hail damageFlood damage to agriculture Strong wind damage to agriculture

Good timing for fertilization?



Application Scenarios of Nowcasting

• Smart city development, including applications in travel planning, taxi dispatch, and logistics optimization.

Daily plan Logistics optimizationTaxi dispatch

Outdoor sports meeting Outdoor meeting Logistics optimization



Application Scenarios of Nowcasting

• Operations in aviation, aerospace, and related fields

For plane taking off or landing? Flight delay predictionAviation plan

Flight safety Flight safety

Launch 
Weather 
Operations
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     Severe convection is a destructive meso- and micro-scale weather system often accompanied by heavy rainfall, strong winds, hail, 

and lightning. Thus, accurate prediction of such phenomena is of critical importance.

• Applications

Ø  Prevention of disasters and secondary hazards, such as floods, mudslides, and landslides

Ø Smart city development by providing daily travel guidance to the public

Ø Smart agriculture by providing essential information for decisions on pesticide application, irrigation, or fertilization

Ø It provides flight operation guidance, such as takeoff/landing decisions, turbulence warnings and avoidance, and flight delay 
predictions.

Nowcasting of Severe Convections



l Challenges ：

Ø small scale

Ø short duration

Ø complex evolution 

Ø convection initation 
     

Challenges of Severe Convections Nowcasting 



Convection Nowcasting：First generation method MSTCGAN

• MSTCGAN-Multi-Scale Time Conditional Generative Adversarial Network

     

     

MSTCGAN Method

Kuai Dai, Xutao Li, Yunming Ye, Shanshan Feng, Danyu Qin, Rui Ye: MSTCGAN: Multiscale Time Conditional Generative Adversarial 
Network for Long-Term Satellite Image Sequence Prediction. IEEE Trans. Geosci. Remote. Sens. 60: 1-16 (2022)



• Generator of MSTCGAN

     

     

A better multiscale generator

Convection Nowcasting：First generation mehtod MSTCGAN



• MSTCGAN的生成器结构

     

     

The architecture of discriminator

Convection Nowcasting：First generation method MSTCGAN



0~4h Satellite Prediction Comparison

• Results
     

     

Conclusion: The MSTCGAN usually performs better than existing deep learning models and optical flow 
model, which means the prediction location of MSTCGAN on clouds is more accurate.



• Visual Comparison
     

     

Ground Truth Optical Flow-LK ConvGRU

ConvLSTM PredRNN PredRNN++

MIM SA-ConvLSTM MSTCGAN

TrajGRU

Conv-TT-LSTM

PhyDNet

0~4h Satellite Sequence Prediction Comparison



• Spatial temporal consistence network（STCNet）    

     

While MSTCGAN improves 
t h e  v i s u a l  q u a l i t y  o f 
predicted sequences, it fails 
to  accura te ly  model  the 
temporal  correlat ions in 
satellite sequences, resulting 
in less coherent movement 
of convective clouds.

To enhance visual quality 
w h i l e  e n s u r i n g  t h e 
coherence of convective 
cloud motion, this project 
a t t e m p t s  t o  i n t e g r a t e 
memory networks with a 
g e n e r a t i v e  a d v e r s a r i a l 
ne twork  archi tec ture  in 
designing the extrapolation 
model  Spatial-Temporal 
C o n s i s t e n c y  N e t w o r k 
(STCNet).

Convection Nowcasting：Second generation method STCNet



• Spatial temporal consistence network（STCNet）

     

     

To accurately predict 
c o m p l e x  m o t i o n 
patterns in satellite 
i m a g e  s e q u e n c e s 
w h i l e  e n s u r i n g 
temporal consistency, 
this project designs a 
multi-level motion 
memory module to 
capture hierarchical 
long- te rm mot ion 
patterns and guide 
t h e  p r e d i c t o r  i n 
forecasting.

HSTnet方法
Multi-Level Motion Memory Module 多层运动记忆模块

Kuai Dai, Xutao Li, Chi Ma, Shenyuan Lu, Yunming Ye, Di Xian, Lin Tian, Danyu Qin: Learning Spatial-Temporal 
Consistency for Satellite Image Sequence Prediction. IEEE Trans. Geosci. Remote. Sens. 61: 1-17 (2023)

Convection Nowcasting：Second generation method STCNet



• 量化结果对比

     

     

0~4h Satellite Prediction Comparison



• Visual Comparison
     

     

Conclusion: STCNet can more accurately predict the location of convection clouds, which maintains the visual effects and accuracy at 
the same time.

0~4h Satellite Sequence Prediction Comparison



• Visual Sequence Prediction
     

     

Ground Truth Predicted (STCNet)

0~4h Satellite Sequence Prediction Comparison



21

l A deep defusion method of satellite (DDMS)

l 0~4 hour prediction of convection  ≥ 0.32

Convection Nowcasting：Third generation method DDMS



Convection Nowcasting：Third generation method DDMS



0~4h Satellite Prediction Comparison



June 16, 2022 Case study



July 28, 2023 Case study (Beijing)



A FY-4A\4B Severe Convection Prediction System 

South China Convection Nowcasting 
Early Warning System 

Multi-Satellite based Convection 
Nowcasting Systems



     

     

A FY-4A\4B Severe Convection Prediction System 
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• 1：As the prediction goes on,  the image become very blurry

• 2：As the prediction goes on,  the high echo part is badly underestimate 

• 3：As the prediction goes on,  the prediction locations of clouds are not accurate

Challenges in Deep Learning-Based Nowcasting Methods on Radar Data

实况 预报



• Based on the Reynolds decomposition theory from fluid dynamics, a novel nowcasting framework, DiffCast, 

is proposed, which decomposes the system into an overall motion part and a local stochastic part

 DiffCast: A Nowcasting Method Based on Deep Residual Diffusion Model
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基础预测结果

预测

Demin Yu, Xutao Li, Yunming Ye, Baoquan Zhang, Chuyao Luo, Kuai Dai, Rui Wang, Xunlai Chen:  DiffCast: A Unified Framework via 
Residual Diffusion for Precipitation Nowcasting. CVPR 2024: 27758-27767
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Experiment Results



Diffcast shows a better 
performance：

1）A better prediction 
on high echo value part, 
which usually denotes 
strong stomrs；

2) A better prediction 
on image quality, with 
more details.



Precipitation Nowcasting Model with Amplitude-Phase Decoupling：AlphaPre

• Our idea：Spectral domain analysis shows that radar image amplitude and phase relate to precipitation, allowing 

for the independent modeling of its positional and intensity changes.
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Lin K, Zhang B, Yu D, et al. AlphaPre: Amplitude-Phase Disentanglement Model for Precipitation Nowcasting.CVPR, 2025.
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振幅模块

Model Architecture of AlphaPre
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Experiment Results



Experiment Results



Experiment Results



• Challenges：

• How to incorporate the physical mechanism?

• How to align the multi-model features?

• How to robustly achieve the long-term prediction?

Physics-Mechanism-Guided Multi-Source Precipitation Forecasting Model



The architeture of PiMMNet

Deming Yu, Wenchuan Du, Kenghong Lin, Xutao Li, Yunming Ye, Chuyao Luo, Xunlai Chen. Introducing Multi-modal 
Precipitation Nowcasting Via a Physics-Informed Perspective . ACM MM, 2025.



Experiment results



• Prediction Results

Experiment results



A nowcasting system on radar data



Thanks a lot!


