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Fig. 2 South China Sea Mesoscale Eddy Experiment (S-MEE) by Ocean University of China in 2013/2014
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a. Locations of the S-MEE mooring arrays (red stars). The color shading shows bathymetry with black dashed lines indicating the isobaths of 100 m, 500 m,

1 000 m, 2 000 m and 3 000 m, respectively; yellow and magenta lines denote the trajectories of an anticyclonic eddy (AE) and a cyclonic eddy (CE), respect-

ively. b. Schematic diagram of the eddy dissipation processes. Contribution of each dynamical process to the eddy dissipation is illustrated in this schematic!
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Fig. 3 The distribution map (a) and the propagation direction map (b) of internal waves in the South China Se:
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Fig. 5 Schematic design diagram of large experimental platform
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Physical oceanography research in China over past 70 years: Overview of
development history and academic achievements

Wei Zexun', Zheng Quanan®, Yang Yongzeng', LiuKexiu®, Xu Tengfei', Wang Fan*'", Hu Shijian*,
Xie Lingling SoLi Yuanlong4 , DuYan®’, ZhoulLei’, Lin Xiaopei 8 Hu Jianyu °  Zhu Jianrong 0 Li Junyi 5,

417

, LiuZe®, Tian Jiwei®, Huang Xiaodong®, Guan Yuping®'’, Liu Zhiyu®,

11,17

Zhang Zhengguang®, Hou Yijun
Yang Qingxuan®, Zhao Wei®, Song Zhenya', Liu Hailong'"'"", Dong Changming'?, Yu Weidong"’, Lian Tao'*,
Chen Zhaohui®, ShiJiuxin®, LeiRuibo®®, LiuYu', Yu Fujiang B Yin Baoshu®'’, Chen Ge?, Wang Yanfeng t

Li Zhenglin'*"7, Xiong Xuejun', Wang Jianing®, Li Xiaofeng*, Wang Yonggang'

(1. First Institute of Oceanography, Ministry of Natural Resources, Qingdao 266061, China; 2. University of Maryland, College Park 20742,
USA; 3. National Marine Data and Information Service, Tianjin 300171, China; 4. Institute of Oceanology, Chinese Academy of Sciences,
Qingdao 266071, China; 5. Guangdong Ocean University, Zhanjiang 524088, China; 6. South China Sea Institute of Oceanology, Chinese
Academy of Sciences, Guangzhou 510301, China; 7. Shanghai Jiao Tong University, Shanghai 200030, China; 8. Ocean University of
China, Qingdao 266100, China; 9. Xiamen University, Xiamen 361005, China; 10. East China Normal University, Shanghai 200241, China;
11. Institute of Atmospheric Physics, Chinese Academy of Sciences, Beijing 100029, China; 12. Nanjing University of Information Science
& Technology, Nanjing 210044, China; 13. National Marine Environmental Forecasting Center, Beijing 100081, China; 14. Second Insti-
tute of Oceanography, Ministry of Natural Resources, Hangzhou 310012, China; 15. Polar Research Institute of China, Shanghai 200136,
China; 16. Institute of Acoustics, Chinese Academy of Sciences, Beijing 100190, China; 17. University of Chinese Acdamy Sciences, Beijing
100049, China)

Abstract: This paper reviews development history and academic achievements of the research of physical oceano-
graphy branches in China over past 70 years since foundation of new China. The physical oceanography research in
China began with studies of sea waves, tides, offshore circulation, water masses, and ocean meteorologic disasters
with emphasis on the storm surge. With the rise of China, the research fields have been gradually expanded. Mean-
while, a great deal of significant research results have been achieved, such as, developed general wind wave spec-
tra and swell spectra that are adapted broadly by the international community as well as the third generation sea
wave numerical models; establishment of analytical and forecast methods for tides and tidal currents including
quasi-harmonic analytical methods and permanent forecast methods of tides and tidal currents; discovered and
named Mindanao Undercurrent, revealed multi-core structures and mechanisms of multi-scale variability of the
Kurohsio in the East China Sea, and systematically described the circulation system of the western boundary of the
Pacific; proposed the South China Sea Branch of Indonesian Throughflow (the South China Sea Throughflow);
gradually improved continental shelf circulation systems of China offshore waters, and obtained deep understand-
ings on the South China Sea circulation, the Kuroshio and its branches, Taiwan Warm Current, Zhejiang-Fujiang
Coastal Current, the Yellow Sea Cold Water Mass Circulation, the Yellow Sea Warm Current, the Bohai Sea Circu-
lation and continental shelf trapped waves; systematically summed up inter-ocean interactions of the Pacific Ocean-
the Indian Ocean-the Atlantic Ocean through the atmospheric and oceanic bridges; developed methods for the wa-
ter mass analysis of shallow seas, generally clarified features and mechnisms of distribution and evolution of water
masses in China offshore waters, and had contributions to studies of distribution and movement of water masses in
deep oceans and polar oceans; clarified general features and generation mechanisms of mesoscale eddies in the
South China Sea, explored 3-D structure of eddies, and quatitatively estimated material and energy transportation
abilities of eddies in global oceans; basically clarified spatial distribution and seasonal variability features of ocean
fronts in China offshore waters, proposed frontogenesis mechnisms including topograpgy, barotropic and baroclin-

ic instabilities; built mooring observation net for internal waves in the South China Sea, achieved systematic under-
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standing of mechnisms for the full process of generation-evolution-dissipation of internal waves; development of
shear instability theories of turbulence and ocean turbulence models, proposed a concept of current edge instability
and new methods for turbulence-mixing paraterization; obtained new understandings for ocean interior mixing
mechanisms and energy sources, and clarified effects of mixing on the deep layer circulation and nutrient material
transportation processes; developed the Global Wave-Tide-Current Coupling Model, and a series of ocean and cli-
mate models; developped ocean data assimilation systems that may assimilate the majority of ocean observation
data and coupling assimilation systems used for ENSO prediction; built physical model experiment platforms with
ageostrophic water tanks/pools and geostrophic rotation platforms that satisfy the international standards; de-
veloped error analysis methods for ENSO prediction, built theory systems for inter-decadal variability of ocean and
climate systems, explored response of mid-deep ocean layers to global climate change; primarily built ocean obser-
vation net in China offshore waters; continued Arctic and Antarctic expeditions; built operational forecast systems
for typhoon, storm surge, extremely high waves and tsunami to provide supports for reducing meteorologic dis-
asters in China; broke through foreign blockade to ocean technologies, successfully developed 10 km deepwater hy-
drophone and a series of instruments for observing ocean optical features; developed prediction models for oil spill-
ing and dangerous/chemical material drifting and spreading in order to provide scientific supports to emergence
processes and warning/forecast of risk events that are brought along ocean resources development. A great deal of
literatures of academic results cited in this paper (maximum 3 papers selected for each first author) show that the
development of physical oceanography research over past 70 years has trained a research team with solid strength.
This is the most precious achievement. This research team will serve as a principal force to scale new heights in
physical oceanography in China.

Key words: physical oceanography; ocean waves; tides; sea level; ocean general circulation; water mass; coastal ocean cir-
culation; meso-scale processes; turbulence and mixing; numerical modeling; data assimilation; laboratory simulation; air-
sea interaction; climate; sea ice; Arctic and Antarctic expeditions; ocean meteorology and disasters; ocean physics; marine

environment



