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Abstract Atmosphere-wave interaction is a crucial dynamic process at the air-sea interface, with the sea surface momentum
roughness length being a key variable in the coupled atmosphere-wave modelling system. The Global-Regional Integrated Forecast
System (GRIST), a next-generation unstructured-grid unified weather and climate modelling system, has been independently
designed and developed in China in recent years. By employing the ESMF/NUOPC framework, GRIST has been integrated with the
WW3 model to create the coupled atmosphere-wave modelling system (GRIST-WW3). In this system, the atmospheric model
provides 10 m wind fields over the sea surface to drive the wave model, while the sea surface roughness, derived from a wave
parameterization scheme, is fed back into the atmospheric model. Preliminary results show that the GRIST-WW3 system accurately
captures spatial distribution of sea surface wind field and significant wave height, both of which agree well with observations.
However, in regions such as the Southern Hemisphere's westerlies and areas near typhoons, where the wind speeds are notably high,
the model tends to overestimate 10 m wind speed and significant wave height. The two-way coupling process increases the average

and dispersion of sea surface roughness, reducing wind speed biases in areas of high wind speed. In terms of typhoon simulation,
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improvements in the simulation of typhoon trajectory and 10 m maximum wind speed are evident with the atmosphere-wave coupled
modelling system, although the minimum sea level pressure remains unaffected. In the coupled atmosphere-wave modelling system,
the wave parameterization scheme of sea surface roughness is essential for accurately simulating high wind speed areas. The
optimization of the scheme should be guided by the atmospheric model's bias characteristics, with the primary goal of reducing bias
in high wind speed regions.

Key words Atmosphere-wave coupled modelling system, ESMF/NUOPC framework, GRIST, Typhoon simulation
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Code architecture and variable exchange diagram of the coupled atmosphere-wave modelling system (the GRIST-WW3

consists of NUOPC-Driver, NUOPC-Mediator, and NUOPC-Model ( ATM and WAV) components; the initialization phases are indicated

within the dotted box, automated NUOPC-Connector is operated through the gray boxes; the Advertize routine is used to define sub-models

and variables for the coupling system; the Realize routine is for the initialization of sub-models and grid setup; the Advance routine is for

integrating calculation of sub-models; the Finalize routine is for implementing the termination of sub-models)
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Table A1 List of model and software abbreviations

fAiPK )

ESMF Earth System Modeling Framework

NUOPC National Unified Operational Prediction Capability
GRIST Global-Regional Integrated Forecast System

WW3 WAVEWATCH Il

OASIS3 Ocean Atmosphere Sea Ice Soil, version 3

RegCM3 Regional Climate Model Version 3

LICOM2 LASG/IAP Climate Ocean Model, version 2
MASNUM Marine Science and Numerical Modeling

COAWST The Coupled Ocean Atmosphere Wave Sediment Transport Modeling System
C-Coupler2 The Community Coupler 2

MPAS-A Model for Prediction Across Scales-Atmosphere

RCM The Regional Climate Model

WAM The third generation Wave Model

COARE The Coupled Ocean-Atmosphere Response Experiment
IMA Japan Meteorological Agency

GDAS-FNL The Global Data Assimilation System-Final
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