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Introduction

« Forecasting techniques based on numerical weather prediction (NWP) models
have become the most important tools in weather forecasting.

« NWP models are still poor in the TC track forecasting at longer lead times and
in the TC intensity forecasting for stronger cases (especially RI).
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Introduction

CMA-TRAMS is a regional NWP model, which is developed by GITMM, CMA
based on the GRAPES model.

Resolution: 0.09°, 65 vertical layers

Region: 70~161°E, 0~51°N

Initialization: (Cloud Analysis) Nudging + Land surface analysis
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« Although the performance of CMA-TRAMS in TC track forecasting has
generally been improved year by year, it is still poor in the longer-term
forecasting of TC track for some TC cases.
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Introduction
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Artificial intelligence (Al) technology is rapidly advancing, with data-driven
weather forecasting models (such as Pangu, Fuxi, Fengwu, AIFS, and GraphCast)
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Compared with some operational global models (such as ECMWEF IFS), Al-based
weather models exhibit comparable or even superior forecasting skills in the

spatial-temporal evolution of large-scale meteorological variables at higher

levels.
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Pangu-Weather produces higher accuracy than the
operational IFS and FourCastNet in deterministic
forecasts on the ERA5 data (Bi et al. 2023).
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AIFS shows smaller RMSE than the operational IFS in
deterministic forecasts (Lang et al. 2024).
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Introduction

« The forecast performance of regional NWP models is closely related to the
forecasts of large-scale synoptic fields from the global NWP models.

« Using Al-based weather models (e.g., Pangu) as the driving fields for the
regional NWP models can leverage the advantages in forecasting large-scale
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Framework of the hybrld model

« During the integration process of
CMA-TRAMS, the forecast variables
(e.g., U, V, T) with precision
advantages from Pangu model are
used in the online correction to
reduce the model errors of CMA-
TRAMS.

Similar to the parametrized tendency
of physical processes, Pangu model
generates tendency of forecast
variables, which is used in the
Helmholtz Solution.
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Framework of the hybrid model

Time integral equation:
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« Comparative experiments (May-Oct 2025) show the impacts of introducing

the tendency from Pangu on the tendencies from both the dynamic

process and the parametrized physical processes (Cumulus, Microphysics,

PBL). )
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Experimental results

* Introducing the tendency from Pangu (especially all of T, U, and V) reduces
the forecast errors of T and wind beyond 72 h.
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Experimental results

Introducing the tendency from Pangu (especially all of T, U, and V) reduces
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the errors for both TC track and intensity forecasting beyond 72 h and
improves the heavy rainfall forecasting beyond 48 h.
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Experimental results

* Introducing the tendency from Pangu (especially all of T, U, and V) can
significantly improve TC track forecasting at longer valid times if Pangu
model has better performance than CMA-TRAMS.
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The pre-operational run

« The hybrid model (namely TRAMS-AI) of CMA-TRAMS and Pangu-weather
has been in the pre-operational run since late May 2025.
Configuration: introducing the tendency of T from Pangu

Verification: TC cases in Jun-Sep 2025

Advantages: TC track and intensity forecasting beyond 72 h
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Issues need further works

« Although the hybrid model shows some advantages in the
long-term forecasting, it may degrade the short-term
forecasting (especially in intensity).

« The forecast performance of hybrid model is closely related to

the Pangu forecasting (especially introducing all of T, U, V).
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Future planning

|. Further experiments comparing SCH1 (only T tendency) with
SCH2 (all of T, U, V tendency) in TC forecasting to select the better
configuration of hybrid model.

ll. Improving the framework of hybrid model for further improvements.

lll. More experiments covering more TC cases.
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