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Figure 1 Schematic diagram of initial stability calculation. WyL,:
Water line position in positive floating state, W,L,: Water line position
when the tilt angle is 0, G,: Buoy center of gravity position, B,: Center of
buoyancy position in positive buoyancy, B,: Center of buoyancy position
when the tilt angle is 6, GyZ: Restoring moment
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Table 1 Technical indexes of CKEO buoy body
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Figure 3 Structural composition of mooring system. (a) Composition of mooring system; (b) loose mooring structure
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Table 2 Indicators of CKEO buoy observation elements
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Figure 4 Photos of CKEO buoy taken during deployment (a)—(d) and recovery (e)—(g) of each cruise
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Development and application of the Kuroshio extension
comprehensive observation buoy
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The ocean issue has attracted the attention of governments all over the world. A comprehensive understanding of the ocean
and making accurate predictions are the primary keys to addressing global issues, such as climate change and water
circulation. Ocean observation is a primary means of understanding the ocean dynamic process and the energy and material
cycle caused by it. It is crucial to strengthen the research and development of ocean observation technology and equipment
by building an integrated three-dimensional ocean observation system. Therefore, implementing the “Transparent Ocean”
strategy indicates the direction for the marine science and technology innovation of China.

The Kuroshio extension sea area is one of the most active areas of ocean and atmospheric dynamic processes. Ocean
multiscale dynamic processes and their interactions are the core link to maintaining the ocean energy balance. The energy
cascade from the large to the small scales plays a crucial role in maintaining the balance of the ocean energy budget and
determining the motion pattern of the ocean system. Therefore, multiscale research on multilayered ocean dynamic
processes is of utmost significance for understanding the mechanism of the ocean energy cascade and the law of ocean
evolution. However, due to the complex marine dynamic processes in the region, it is difficult for traditional large-scale air-
sea buoys to work continuously for a long time. Almost all mooring fixed-point observation systems are concentrated in
tropical sea areas. The global middle-high-latitude sea area, especially the Kuroshio extension sea area, is still a “desert
area” lacking long-term continuous observation. Currently, there is only one set of large-scale observation buoys (Kuroshio
Extension Observatory, KEO) in the United States in this region under long-term operation.

Against this background, Ocean University of China has been committed to developing a long-term series of integrated
observation buoys in this area since 2017. The China Kuroshio Extension Observatory (CKEO) developed a series of buoys
featuring a targeted design for the buoy body and a deep-water mooring system. This has enhanced the stability and
reliability of buoys in an abominable sea state, thus enabling them to operate stably for a long time in the Kuroshio
extension area of the Western Pacific Ocean. The buoy body is made of aluminum magnesium alloy and filled with closed-
cell foaming material to ensure that the buoy will not sink after being hit. The mooring system adopts a suspension structure
that is applied to the navigation mark in the channel. A cantilever structure uses two stress points outside the body to ensure
that the buoy is always in a relatively vertical state on the surface of the water. Buoy observation elements include
meteorological, hydrology, biochemistry, and other multidisciplinary elements. The profile temperature and salinity
observation data were transmitted to the surface buoy body by induction coupling. The lower end of the buoy platform
connects the magnetic ring on the water to the data acquisition and processing system in the buoy body through the electric
rotating ring. The power supply system adopts a combination of lead-acid batteries and solar panels commonly used in
international far-reaching sea buoys, which can ensure the normal continuous operation of the integrated monitoring buoy
system for at least one year.

The first deployment was conducted in 2019. By 2022, this series of buoys will have been working steadily in the area for
three years, obtaining a large quantity of data on hydrological, meteorological, and other environmental parameters. As
shown by the analysis of the obtained data and the status of the recovered buoys, the equipment was basically in a normal
state when under operation. The observation data were accurate, which has supported the research on scientific issues, such
as air-sea energy exchange in the Kuroshio extension area. Thus, it contributed to developing the “Transparent Ocean”
Three-dimensional Observation Network.

buoy, Kuroshio extension, integrated deep sea observation, anchor system
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