Intelligent forecasting of marine environmental elements in the South China Sea
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Abstract
The state-of-the-art oceanic numerical models are facing a dual bottleneck: firstly, the ocean dynamical equations have no analytical solution and the sub-grid parameterization scheme is highly uncertain; secondly, the numerical integration efficiency for high-resolution models is too low to meet the requirements of fast intelligent response and oceanic economy development. This study focuses on intelligent forecasting of marine environmental elements in the South China Sea (SCS). In terms of intelligent downscaling of sea water temperature, the DIFFDS and DSSR3 methods are proposed based on the diffusion model, which introduces channel attention, cross attention mechanisms and incorporates other elements as guiding conditions to improve the Transformer module to achieve a 4-fold downscaling of three-dimensional sea water temperature. It can more accurately reproduce the small scale and meso-scale information of high-resolution sea water temperature. In terms of regional high-resolution intelligent forecasting models, based on effective hierarchical Transformer and CNN architectures, a Latent Attention Network (LAN) was constructed to obtain nonlinear features of marine environmental elements at different scales, named as Nanming large model. It can predict three-dimensional temperature, salinity, currents and two dimensional water levels in the South China Sea at a spatial resolution of 1/30 ° for the next 7 days, demonstrating strong robustness and accuracy in operational applications. What’s more, based on the framework of Physics-Informed Neural Network (PINN), a mixed layer heat budget equation had been informed into Convolution Long short-term memory network to predict sea surface temperature of the SCS.
