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• In the past one or two years, breakthroughs have been made in using big data and 
artificial intelligence (AI) models to generate medium-range weather forecasts. 
Several academic articles indicate that the forecasting skill of AI models could 
match or exceed those of traditional global numerical weather prediction (NWP) 
models.

• Purely data-driven weather forecast models do not necessarily guarantee physical 
consistency of forecast results. Can these machine learning-based models give 
physically consistent and meteorologically meaningful forecasts?

• AI models may output highly optimized predictions or maybe similar to post-
processing products from traditional models. For longer-term forecasts, the 
prediction of AI models tends to become smoother, similar to the ensemble 
average of ensemble forecasts.

• Based on the latest development of AI models, this presentation introduces the 
real-time operation of AI models tested by HKO, as well as the evaluation and 
verification of AI models in tropical cyclone (TC) forecasting.



STARTING FROM MID-2023, HKO BEGAN 
INTERNAL TRIALS OF REAL-TIME 
OPERATION OF ARTIFICIAL INTELLIGENCE 
MODELS SUCH AS "PANGU WEATHER" 
AND "FENGWU" TO ASSIST IN 
FORECASTING OPERATIONS.

4

• The initial conditions of 
the AI models were 
based on the operational 
analysis of traditional 
global NWPs, 
respectively from DWD, 
ECCC, ECMWF, NCEP and 
MeteoFrance.

• Bi, K.; Xie, L.; Zhang, H.; Chen, X.; Gu, X.; Tian, Q. Accurate medium-range global weather forecasting with 3D neural networks. Nature 2023, 619, 533–538.
• Chen, K.; Han, T.; Gong, J.; Bai, L.; Ling, F.; Luo, J.-J.; Chen, X.; Ma, L.; Zhang, T.; Su, R.; et al. FengWu: Pushing the Skillful Global Medium-range Weather Forecast beyond 10 Days Lead. arXiv 2023.

• The outputs based on AI models are visually quite similar to those of traditional models.



CASE STUDY

• September 2023 was an eventful month in 
Hong Kong with the ferocious strike by Super 
Typhoon Saola on 1 – 2 September and the 
phenomenal rainstorm on 7 – 8 September.

• Saola necessitated the issuance of the 
Hurricane Signal No. 10 again since Super 
Typhoon Mangkhut hitting Hong Kong in 2018.

• Saola entered the South China Sea later on 30 
August while maintaining an estimated 
maximum sustained wind of 230 km/h near its 
centre, making it the second strongest tropical 
cyclone in the South China Sea since the 
Observatory’s records began in 1950.
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SUPER TYPHOON SAOLA (2309)

At ~02HKT on 30 August 2023

On the morning of 1 September
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• Some earlier "Pangu" forecasts suggested that Saola would move across the northeastern part of the South China Sea.

• As of the forecasts initialized at 00UTC on 29 Aug, the "Pangu" models converged earlier than traditional models, although the forecasts 
were slightly southwards.

• However, for the run initialized at 00UTC on 31 Aug, the "Pangu" models once again diverged, and the short-term forecast errors were 
larger than those of the traditional models.

Chan, P.W.; He, Y.H.; Lui, Y.S. Super Typhoon Saola (2309) affecting Hong Kong in September 2023–Forecasting Aspect. Preprints 2023, 2023091634. https://doi.org/10.20944/preprints202309.1634.v1

Traditional 
NWP models

Pangu-Weather



TROPICAL CYCLONE 
TRACK FORECAST ERRORS
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The data include the following TCs in 2023: Saola (2309), Haikui (2311), 
Kirogi (2312), Yun-yeung (2313), a tropical depression in the central 
South China Sea (Sep 2023), Koinu (2314) , Bolaven (2315), Sanba (2316).



CASE STUDY

• The panel on the right shows the 10-meter 
wind speed predicted by the model as Saola
approached Hong Kong, with the hurricane 
shown in yellow, based on short-term 
forecast initialized at 12UTC on 31 Aug.

• Many places in Hong Kong, including 
Waglan Island, Cheung Chau, Green Island, 
Stanley, Ngong Ping and Tate's Cairn, have 
been affected by the hurricane force winds.

• The wind forecast output by the "Pangu" 
model was significantly weaker and failed 
to capture the wind structure of Saola.
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SUPER TYPHOON SAOLA (2309)

Chan, P.W.; He, Y.H.; Lui, Y.S. Super Typhoon Saola (2309) affecting Hong Kong in September 2023–Forecasting Aspect. Preprints 2023, 2023091634. https://doi.org/10.20944/preprints202309.1634.v1



TROPICAL CYCLONE 
INTENSITY FORECAST ERRORS
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The data include the following TCs in 2023: Saola (2309), Haikui (2311), 
Kirogi (2312), Yun-yeung (2313), a tropical depression in the central 
South China Sea (Sep 2023), Koinu (2314) , Bolaven (2315), Sanba (2316).



CASE STUDY：CYCLOGENESIS
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• According to early predictions 
from major traditional NWP 
models, a potential TC would form 
during the Mid-Autumn Festival 
(29-30 Sep 2023) and affect the 
northern part of the South China 
Sea.

• At last, predictions of TC genesis 
came to nothing.

• The AI model correctly predicted 
no TC formation.

ECMWF analysis



• In the past one or two years, a new generation of AI models has shown 
great promise in weather forecasting, especially TC forecasting.

• Although AI models have an edge over traditional NWPs in TC track 
forecast, TC intensity prediction remains a big challenge.

• Current AI models fail to output key variables such as precipitation, 
and the spatiotemporal resolution of the output products is still 
relatively rough.

• Further research and collaboration in exploring the utilization of AI 
models together with traditional NWP models could improve TC 
forecasting and early warning capabilities as well as support more 
effectively TC operational decisions.
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Summary and Outlook




