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Abstract
A deep-learning-based method, called ConvLSTMP3, is developed to predict the sea surface heights (SSHs).
ConvLSTMP3 is data-driven by treating the SSH prediction problem as the one of extracting the spatial-temporal
features of SSHs, in which the spatial features are “learned” by convolutional operations while the temporal
features are tracked by long short term memory (LSTM). Trained by a reanalysis dataset of the South China Sea
(5CS). ConvLSTMP3 is applicd to the SSH prediction in a region of the SCS cast off Vietnam coast featured with
eddied and offshore currents in summer. Experimental results show that ConvLSTMP3 achieves a good prediction
skill with a mean RMSE of 0,057 m and accuracy of 93.4% averaged over a 15-d prediction period. In particular,
ConvLSTMP3 shows a better performance in predicting the temporal evolution of mesoscale eddies in the region
than a full-d ‘model. Given the much | in the prediction required by ConvLSTMP3,

our study suggests that the deep learning technique is very useful and effective in the SSH prediction. and could
be an alternative way in the operational prediction for ocean environments in the future.

Key words: deep learni height predict lutional operation, long short term memory.
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1 Introduction sources and thus it time consuming, which may not satisfy the

Sea surface heights (SSHs) are one of the key factors affectingneed of some emergency situations.
algae growth, fish distribution and coastal city flooding. It s also In the last several decades, oceanic data (including in situ ob.
vital to marine engineering such as offshore oil production and servations and reanalysis data) are rapidly accumulated, which
offshore aquaculture. The change of SSHs is associated vith vari- makes it feasible to use artficial intelligence (A} for marine en-
ous dynamical processes in the ocean, including mesoscale ed- vironmental prediction. As a boosting technique, it has been
dies, waves, currents,tides, etc. As such, the prediction of SSHs found that deep learning can both track spatial features and tem-
has always been a challenge for the oceanographers. Currently, poral changing of the marine environment factors from large
‘numerical models based on physical equations are usually used_amount of data through convolutional operations (¢.g, convolu
to predict SSH: although the prediction skills are acceptable. ~tional neural network, CNN: Ji et a, 2013; Shin et al. 2016; Zhang,
considerable uncertainties still exist. On the other hand, the pre- et al,, 2016; Huang et al, 2017) and recurrent patterns (¢ g, re-
diction using numerical models requires large computational re-current neural network. RNN; Cho et al, 2014), respectively. For
Foundation item: The National Key Research and Development Program under contract Nos 2018YFC1406204 and 2018YFC1406201;
the Guangdong Special Support Program under contract No, 2019BT2H594; the Taishan Scholar Foundation under contract No.
tsqn201812029; the National Natural Science Foundation of China under contract Nos U1811464, 61572522, 61572523, 61672033,
61672248, 61873280, 41676016 and 41776028 the Natural Science Foundation of Shandong Province under contract Nos
ZR2019MFO12 and 2019GGX 101067 the Fundamental Research Funds of Central Universities under contract Nos 18CX02152A and
19CX05003A-6; the fund of the Shandong Province Innovation Researching Group under contract No. 2019KJNO14; the Key Special
Project for Introduced Talents Team of the Southern Marine Science and Engineering Guangdong Laboratory (Guangzhou) under
contract No. GML2019ZD0303,
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