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Abstract

resources should be explored.

Satellite remote sensing data form the basis of ocean observation and applications. China has established a satellite
network platform comprising ocean color satellite constellations, ocean dynamic environment satellite constellations,
and ocean observation and monitoring satellite constellations. This platform provides consistent and reliable ocean
observation data crucial for marine scientific research, economic development, and early warning and forecasting.
This paper comprehensively describes the development process and plans for China's ocean satellites from their
inception. It offers detailed technical specifications of ocean satellites and outlines the current applications of ocean
water color satellites (HY-1), ocean dynamics and environment satellites (HY-2), and ocean surveillance and monitor-
ing satellites (GF-3) in ocean parameter inversion, target identification and detection, and early warning and forecast-
ing. In the future, to enhance the level of industrialization in ocean remote sensing in China, it is imperative to lever-
age the diversity and timeliness of ocean remote sensing data. Additionally, emerging technologies such as cloud
computing and artificial intelligence should be harnessed, and the application potential of various satellite data
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1 Introduction

Ocean observation technology forms the core of marine
science and technology, and it is closely related to the
ability to mitigate marine disasters. Currently, ocean
observation platforms combining ocean remote sensing
satellites, research vessels, deep submersibles, and sea-
bed observation networks have been established. How-
ever, apart from ocean remote sensing satellites, other
observation methods can either conduct intermittent and
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crucial node observations or experience challenges in
ensuring effective data transmission capacity (Song et al.
2020). In the field of ocean observation and application,
satellite remote sensing data have become a crucial data
source for scientific research and management.

Remote sensing technology aims to accurately and
objectively depict real phenomena through remote sens-
ing data. The research direction is mainly focused on
data processing, as reflected in the enhancement of data
temporal and spatial resolution, diversification of layer
types, improved efficiency of physical process inversion
algorithms, and augmentation of algorithmic intelligence.
Remote sensing technology originated from the field of
geographic information and experienced limitations in
data processing capacity and aerospace infrastructure
during its early developmental stages. The initial integra-
tion of remote sensing technology primarily pertained
to ’proximity’ fusion, mainly within industries with a
strong demand for geographic information. For exam-
ple, the integration and cross-disciplinary applications
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of remote sensing technology in fields such as oceanog-
raphy, meteorology, agriculture, construction, and other
disciplines and industries have given rise to new areas of
study, such as ocean remote sensing and meteorological
remote sensing. These developments have significantly
improved comprehensive assessment capabilities in fields
such as crop assessment and urban and rural planning.
As new infrastructure continues to advance, communica-
tion, navigation, and other foundational capabilities have
been greatly enhanced. This has enabled the gradual real-
ization of real-time and intelligent production of remote
sensing data, providing a solid foundation for expanding
the scope of integration and cross-disciplinary applica-
tions. Currently, novel concepts such as remote sensing
journalism and remote sensing economics have emerged,
indicating that remote sensing technology is not only
deeply integrated with natural science disciplines but is
also rapidly integrating with humanities disciplines.

Ocean remote sensing technology has its roots in the
application of United States NOAA meteorological sat-
ellites in the field of oceanography during the 1970s. Its
early focus was on preliminary research in areas such
as large- and meso-scale ocean dynamics, sea surface
temperature (SST), estuarine and near-shore suspended
sediments, oceanic fisheries, and island and reef sur-
veys. Since the launch of Seasat-1 in the United States
in 1978, numerous satellites dedicated to marine scien-
tific research have been launched worldwide. As a result,
marine satellites have evolved into a distinct category
within the field of remote sensing. In 1979, China con-
ducted its first oceanic aerial remote sensing experiment
in the East China Sea (Zheng and Wu 1990). However,
due to technological constraints, China’s first oceanic
satellite was not launched and operational until 2002 (Lu
2008). Since then, China has systematically developed
its ocean satellites, resulting in three series: ocean water
color, ocean power environment, and ocean surveillance
and monitoring. China has also independently acquired
a substantial amount of ocean remote sensing data (Lin
and Jiang 2020).

China has established a series of ocean-focused satel-
lites into three constellations: the ocean water color sat-
ellite constellation, the ocean dynamics and environment
satellite constellation, and the ocean surveillance and
monitoring satellite constellation. These constellations
have enabled the formation of autonomous ocean satel-
lite networks with observation capabilities. The National
Satellite Ocean Application Center of the Ministry of
Natural Resources has released hourly, daily, monthly,
and decadal gridded remote sensing products based on
China’s ocean satellites to the public. These products
address gaps in domestic gridded and operational data,
including sea surface height anomalies and sea surface
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wind fields (Liu et al. 2021a, b). They serve as a sta-
ble source of ocean observation information and have
become a crucial database for marine scientific research,
marine economic development, marine forecasting, dis-
aster mitigation, marine law enforcement, and other
fields (Jiang et al. 2019).

This paper provides a detailed overview of the develop-
ment and planning of China’s marine satellites, discusses
the current applications of ocean satellite constella-
tions, and outlines future development directions. The
structure of the remainder of this article is as follows:
Section 2 covers the development of ocean satellites, Sec-
tion 3 delves into the application status of ocean satellite
constellations, and Section 4 presents the conclusions.

2 Development of ocean satellite in China

The milestone event marking the beginning of China’s
aerospace journey was the successful launch of Dong-
fanghong No. 1, China’s first artificial Earth satellite,
on April 24, 1970. Since then, the country has achieved
significant milestones, including the development of
the Long March series of carrier rockets and the Prac-
tice series of satellites. In the realm of civil spaceflight,
satellite development plays a pivotal role. Presently, the
Medium- and Long-term Development Plan for National
Civil Space Infrastructure (2015-2025), commonly
known as the ’space-based plan; serves as a crucial guid-
ing document for China’s civil space sector. It was formu-
lated during the 12th Five-Year Plan period and holds a
central position in China’s civil space strategy. In Chapter
IX of the ’Outline of the Fourteenth Five-Year Plan for the
National Economic and Social Development of the Peo-
ple’s Republic of China and the Vision and Goals for 2035,
titled 'Developing and Strengthening Strategic Emerging
Industries; Section I emphasizes the importance of con-
structing new pillars within the industrial system. This
entails a focus on strategic emerging industries such as
new-generation information technology, green environ-
mental protection, and aerospace. The plan aims to expe-
dite the application of core technological innovations,
bolster necessary resources, and nurture the growth and
expansion of new sources of industrial development.

The space-based planning proposes to ‘gradually build
... a national civil space infrastructure consisting of three
major systems, namely, satellite remote sensing, satellite
communication and broadcasting, and satellite naviga-
tion and positioning, to satisfy ... application needs and
support development requirements. Accordingly,
China’s civil space infrastructure, following industry con-
ventions, can be broadly categorized into ’satellite com-
munications and broadcasting, 'navigation, and ’satellite
remote sensing. Regarding satellite remote sensing, the
plan emphasizes the development of three major series:
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land observation, ocean observation, and atmospheric
observation. The goal is to establish a remote sensing sat-
ellite system comprising seven constellations and three
types of thematic satellites. The land observation series
encompasses constellations for high-resolution opti-
cal, medium-resolution optical, and synthetic aperture
radar (SAR) observations. The ocean observation series
includes constellations for ocean water color, ocean
dynamics, and environment and three observation con-
stellations for ocean surveillance and monitoring. The
atmospheric observation series comprises two satellite
constellations dedicated to weather observation and cli-
mate observation.

As part of the implementation of the space-based plan-
ning, the State Administration of Science, Technology,
and Industry for National Defense (SASTIND) prom-
ulgated and implemented the Interim Measures for the
Management of Civil Satellite Engineering in 2016. These
measures regulate activities related to the management
of civil satellite engineering, ranging from demonstration
to satellite decommissioning. According to the Interim
Measures for the Management of Civil Satellite Engi-
neering and the practical work of relevant ministries and
commissions, civil satellite engineering encompasses six
major systems: satellite, launch vehicle, launch site, meas-
urement and control, ground, and application systems.
These systems fall under the purview of various state
departments, including the SASTIND and the National
Development and Reform Commission (NDRC). There
are different departments responsible for organizing,
managing, and coordinating specific aspects of civil
satellite engineering, including the user department,
development and construction department, and launch,
measurement, and control department.

In 2018, the SASTIND, NDRC, and the Ministry of
Finance jointly issued the Interim Measures for the Man-
agement of Remote Sensing Data from National Civilian
Satellites. These measures outline the roles of the Land
Satellite Remote Sensing Application Center, National
Satellite Meteorological Center, and the National Satellite
Ocean Application Service (NSOAS) as the three major
satellite data centers for land, meteorology, and oceans,
respectively. The document states that these centers are
responsible for the acquisition, processing, archiving,
and distribution of relevant satellite remote sensing data
in accordance with their respective duties. This estab-
lishes their ownership status in the field of land, mete-
orological, and oceanic satellite engineering. In 2022, the
Interim Measures for the Management of International
Cooperation on Remote Sensing Data from National
Civilian Satellites, issued under the auspices of the SAS-
TIND, similarly emphasized the central role of the above-
mentioned three centers.
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China has developed the following three series of
ocean satellites: the ocean water color satellite constella-
tion, the ocean dynamics satellite constellation, and the
ocean surveillance and monitoring satellite. These satel-
lites have evolved from single models to a diverse range
of spectrums and have transitioned from experimental
applications to operational services. Moreover, the satel-
lites have made rapid progress toward serialization and
operationalization. The three series of satellites are now
operating in orbit in synchronization. During the 13th
Five-Year Plan period, China achieved significant mile-
stones in the development of its ocean observation satel-
lite system, launching six ocean satellites in just 5 years.
This pace of development represents substantial accelera-
tion compared with the three ocean satellites launched
over the previous 15 years, spanning from the 10th to
the 12th Five-Year Plan periods. On June 11, 2020, the
launch of the Haiyang-1D (HY-1D) satellite established
a two-star network in conjunction with the Haiyang-1C
(HY-1C) satellite. This development in China’s ocean
water color satellite constellation enabled global ocean
observation coverage twice a day, significantly enhancing
observation capabilities for global ocean water color and
ecological environments. On May 19, 2021, the success-
ful launch of the Haiyang-2D (HY-2D) satellite marked a
significant milestone in China’s ocean dynamic environ-
ment monitoring constellation. The satellite facilitates
high-precision observation of global wind fields, dynamic
fields, temperature fields, and more, providing real-time
data crucial for ocean disaster early warning and fore-
casting. Two 1-m C-SAR satellites were launched at the
end of 2021 and the beginning of 2022, respectively.
These satellites have formed China’s first C-band SAR
satellite constellation, capable of observing both land
and sea conditions with a remarkable 1-m resolution.
This development significantly enhances China’s satellite
capabilities for monitoring land and sea conditions and
provides crucial support for disaster prevention and con-
trol and emergency responses to climate change. Addi-
tional ocean satellites that have received approval and
are under research include the new generation of ocean
water color and power research satellite (HY-1E) and an
ocean salinity detection satellite. Furthermore, in the fol-
low-up period of the 14th Five-Year Plan, there are plans
to develop eight more ocean satellites. These include the
new-generation ocean water color operational satellite,
new-generation ocean dynamics satellite, sea breeze and
wave detection satellite, high-orbit ocean and coastal
zone environment monitoring satellite, and high-orbit
ocean surveillance microwave satellite. The demonstra-
tion of these new ocean satellites is progressing gradually
as planned, and they are entering a stage of comprehen-
sive and rapid development. Once the ’'14th Five-Year
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Plan’ satellite network is fully organized, it will effectively
address the limitations associated with a single payload,
i.e,, a single satellite’s operational lifespan and coverage.
Technical indicators of the ocean satellites can be found
in the Appendix Table A1-Table A5.

3 Current situation of marine satellite observation
and application in China

3.1 Ocean water color satellites (HY-1)

The HY-1 series consists of ocean water color satellites
primarily equipped with the Chinese ocean color and
temperature scanner (COCTS), coastal zone imager
(CZI), and other instruments. These satellites are used
to acquire optical properties of seawater, enabling the
retrieval of information such as chlorophyll concentra-
tion, SST, suspended sediment content, soluble organic
matter, and pollutants. Building upon the water color
satellites commonly used domestically and internation-
ally, several studies have been conducted to enhance the
capabilities of HY-1 satellites. Lee et al. (1994) devel-
oped remote sensing reflectance models for coastal
waters. Tang et al. (2004) measured and analyzed the
basic parameters directly related to water color remote
sensing. Mao et al. (2016, 2022) developed a unified
atmospheric correction to eliminate the difference in the
ground reflectance between land and ocean and applied
the layer removal scheme for atmospheric correction to
process the HY-1C/D data. According to the HY-1 series
of ocean water color satellite data, Chen et al. analyzed
the performance of COCTS and CZI loads of HY-1C/D
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satellites in water color remote sensing inversion (Song
et al. 2019; Chen et al. 2021; Cui et al. 2023) (Fig. 1). Ye
et al. (2021) used an atmospheric correction algorithm
and the OC4 and color index algorithms to derive global
chlorophyll-a concentration from COCTS (Fig. 2) and
evaluated the SST product of COCTS with HY-1C/D
using a nonlinear SST algorithm with corresponding
coefficients (Ye et al. 2022) (Fig. 3). Liu et al. (20224,
b) showed that Bayesian cloud detection and optimal
estimation algorithm can improve the SST retrieval
accuracy of COCTS observations. In 2023, using the
observed bright temperatures of the HY-1D thermal
infrared channel, cloud detection and SST inversion
algorithms were implemented according to atmospheric
radiative transfer simulation calculation (Liu et al. 2023).

3.2 Ocean dynamics and environment satellites (HY-2)

The HY-2 series comprises ocean dynamics and envi-
ronment satellites primarily equipped with onboard
microwave radiometers, radar altimeters, and scatter-
ometers. These instruments are utilized to gather infor-
mation about ocean dynamics and the environment.
The satellite-borne microwave radiometer is mainly
employed to acquire data on SST and sea surface wind
fields. Typically, the inversion process involves utiliz-
ing a large number of synchronized measurements
from satellite remote sensing and buoys, establishing
a connection between remote sensing data and ocean-
atmospheric parameters through regression fitting.
Scholars have developed many inversion algorithms
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Fig. 1 Comparison of COCTS-HY1C and Terra-MODIS chlorophyll-a concentration distributions on January 13, 2019 (Song et al. 2019)
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Fig. 2 COCTS/HY-1C chlorophyll-a concentration (May 25, 2019,
00:35 UTC) (Ye et al. 2021)
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for microwave radiometer data. These include the
D-matrix regression algorithm established by Goodber-
let et al. (1989), the linear regression algorithm devel-
oped by Wentz and Meissner (2000), and models such
as the two-scale model and the four-parameter vec-
tor model developed by Yueh (1997). Johnson and Cai
(2002) and Irisov (2000) respectively conducted theo-
retical studies on the scattering of sea surface emissiv-
ity and sea surface bright temperature using the small
slope approximation for rough sea surface. Wang and
other researchers have created retrieval algorithms for
Shenzhou IV, AMSR-E, and HY-2A (Li and Wang 2005;
Wang and Li 2009; Wang et al. 2014) (Fig. 4). Wang
et al. (2015), Yin et al. (2017), Ma et al. (2020) and Zhou
et al. (2022) have improved the algorithms of micro-
wave radiometer network observation products. Liu
et al. (2020) corrected the HY-2A microwave radiom-
eter bright temperature to improve the accuracy of SST
retrieval. The satellite-borne radar altimeter is primarily

42°N
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used to obtain sea surface power altitude data. Le Traon
et al. (1995) established the algorithmic foundation for
radar altimeter data fusion products, while Dibarboure
et al. (2011) developed an objective analysis algorithm
for radar altimeter data, which has become the main-
stream approach in current operationalized algorithms.
Jia et al. (2020) developed retrieval algorithms and con-
ducted a comparative analysis of multiple ocean satellite
data (Fig. 5). The satellite-borne microwave scatterom-
eter is mainly employed for acquiring sea surface wind
field data. Lin (2000) proposed a retrieval algorithm to
eliminate wind vector interference, Feng (2004) estab-
lished a sea surface wind field retrieval model suitable
for sea areas, and Zhang et al. (2009) provided detailed
descriptions of the data preprocessing process, wind
field inversion method (Zhang et al. 2012), and HY-2B
in-orbit test process to prepare for HY-2 operational
service (Zhang et al. 2020). Lin et al. (2016), Li et al.
(2021) and Liu et al. (2022a, b) comparatively ana-
lyzed the sea surface wind field retrieval models and
improved them. Liu et al. (2021a, b) compared the accu-
racies of HY-2A, CFOSAT, and ERA5 sea surface wind
field products. Wang et al. (2020) used a MetOp scat-
terometer to verify the data quality of the HY-2B scat-
terometer and developed a geophysical model function
based on the HY-2B/C/D satellite scatterometer for
wind field retrieval (Wang et al. 2023). Numerous schol-
ars have extensively explored the application potential
of the HY-2 remote sensing satellite, providing crucial
data and technical support for ocean scientific research,
ocean disaster prevention and mitigation, and ocean
environmental protection.

3.3 Ocean surveillance and monitoring satellites (GF-3)
Haiyang-3 is a series of ocean surveillance and moni-
toring satellites. Among them, the Gaofen-3 (GF-3)
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Fig. 3 SSTs obtained on April 27, 2021, at a 17:35 UTC and b 06:20 UTC from COCTS covering Gulf Stream waters on the HY-1D satellite: a daytime
SST; b nighttime SST (Ye et al. 2022)
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Fig. 4 Retrieval results of sea surface temperature for HY-2A up-orbiting (Wang et al. 2014)
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satellite is China’s first ocean surveillance and moni-
toring satellite. It primarily carries a C-band multipo-
larized SAR (C-SAR) with 12 imaging modes, including
strip, scanning, and wave modes. The spatial resolu-
tion of the fine mode can reach 1 m (Yuan et al. 2018),
making it the satellite with the most extensive range
of imaging modes globally. It comprehensively cap-
tures multipolarized information from both the ocean
and land, enabling all-weather and continuous sur-
face observation (Lin et al. 2019; Zhang and Liu 2017).
GEF-3 is primarily used for high-precision monitor-
ing of various oceanic phenomena, such as ships (Liu
et al. 2017; Ma et al. 2018) (Fig. 6), islands and coastal
zones (Huang et al. 2021) (Fig. 7), marine oil spills (Fu
and Qin 2019), and sea surface wind fields (Shao et al.
2018, 2020; Wan et al. 2021; Fang et al. 2022; Yao et al.
2022) (Fig. 8). Yuan et al. (2018), Shao et al. and others

50° 100° 150°E

developed C-SAR-based retrieval algorithms related
to ocean parameters and conducted various ocean
applications (Shao et al. 2018, 2020; Yao et al. 2022).
In terms of marine parameter retrieval, Wang et al.
(2022) proposed an effective wave height retrieval
algorithm based on residual networks for GF-3 quad-
polarized SAR data by utilizing cross-spectral infor-
mation and radar backscattering data from GF-3
fully polarized data. Lin et al. (2017) confirmed the
capability of GF-3 data to observe the fine structure
of typhoons, and domestic scholars have developed
numerous retrieval methods for sea surface wind fields
based on GF-3 data. Regarding target identification
and detection, Liu et al. (2017) implemented a target
detection method for maritime vessels based on pixel
classification within a Bayesian framework, enhancing
the effectiveness of sea surface ship identification.
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Fig. 6 GF-3 vessel detection results for narrow ScanSAR mode
images (Liu etal. 2017)
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data with AI algorithms can help achieve efficient and
accurate ocean observation and resource management.
Deep learning techniques have enabled automated
tasks such as target detection, internal wave recogni-
tion (Fig. 9), and marine pollution monitoring. Al has
also found applications in marine weather forecasting
and ocean disaster monitoring, playing a vital role in
marine environmental protection and resource man-
agement (Qian and Chen 2018; Li et al. 2020a, 2020b;
Chen et al. 2022).

Recently, Zhao et al. (2019) proposed a method for
training and testing on embedded devices using a cus-
tom Al streaming architecture based on GEF-3 satel-
lite SAR images. Guo et al. (2022) utilized GF-3 SAR
imagery and a convolutional neural network archi-
tecture based on transfer learning for the identifica-
tion and retrieval of sea surface wind streaks. Men
et al. (2022) introduced a new neural network (NN)
AC algorithm for atmospheric correction of CZI data
in coastal waters, effectively eliminating atmospheric
effects on image quality. Yang et al. (2023) developed
a ResNet-based method using HY-1C satellite COCTS
imagery to retrieve global sea surface chlorophyll-a
concentration, achieving higher accuracy in chloro-
phyll-a concentration estimation.

Thus, the integration of ocean satellites and Al will
become increasingly seamless in the future. Ocean sat-
ellites will provide higher-resolution data, which, when
combined with Al technology, will enable more precise
marine monitoring and prediction. This integration will
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Fig. 7 Identification of underwater topography of Qilianyu Island in the South China Sea based on GF-3 SAR images (Huang et al. 2021)

3.4 Development of artificial intelligence in ocean remote
sensing

Recently, there has been significant progress in the

application of artificial intelligence (AI) technology in

the field of marine satellites. Combining ocean satellite

afford more opportunities for marine science, resource
management, environmental protection, and other fields,
offering further support for humanity’s improved under-
standing and utilization of the oceans.
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Fig. 8 Sea surface wind field based on GF-3 SAR retrieval (Yao et al. 2022)

3.5 Great achievements inspired by marine construction

During the 13th Five-Year Plan period, significant pro-
gress was made in capacity-building across various
areas, including marine early warning and forecast-
ing, ecological restoration, sea area and island surveys,
polar oceans, and fisheries. In terms of marine early
warning and forecasting, research and development
efforts were dedicated to fusion products related to
sea surface wind fields, waves, current fields, SSTs, and
other environmental elements derived from autono-
mous ocean satellites. Operational monitoring of eco-
logical and marine disasters, such as red tide, green
tide, and typhoons, was conducted through multi-
source remote sensing. Regarding ocean ecological
restoration, demonstrations were conducted for moni-
toring coral reefs, mangroves, and other typical eco-
logical operations. Remote sensing was employed for
monitoring the red line of ocean ecological protection.
In terms of sea and island surveys, several remote sens-
ing surveys of China’s islands and coastal zones were
completed, resulting in the accumulation of a wealth
of high-resolution remote sensing satellite and on-site
survey data. These data were used for monitoring and
assessing the implementation of ocean territorial spa-
tial planning. An operational remote sensing monitor-
ing system for questionable areas was also established.
In the field of polar and oceanic research, technology
was developed to provide remote sensing products
related to global marine environmental elements. These
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products served global oceanic and polar surveys and
monitoring. In the area of fisheries and fishing, efforts
were made to expand the application areas for oceanic
fishery navigation and environmental protection. Fish-
ery forecasting was enhanced to guide fishing vessels
in targeted fishing operations, thereby strengthening
China’s capacity to support the development and utili-
zation of high-seas fishery resources.

3.6 Data distribution services

To promote the application and services of ocean sat-
ellites, NSOAS has intensified its efforts to facilitate
the utilization of ocean satellites in coastal provinces
and municipalities. Operating within the framework
of provincial satellite application development by
the Ministry of Natural Resources, a platform dedi-
cated to remote sensing applications of marine satel-
lites has been established. This platform is guided by
the operational requirements of provincial application
centers and tailored to the technical characteristics of
marine satellite applications. The platform can deliver
multi-source satellite data, primarily sourced from
autonomous ocean satellites, in a real-time operational
manner. It provides essential support and services to
provincial satellite centers along the coast in various
domains, including ocean environment monitoring,
ocean ecological protection and restoration, ocean
economic management, ocean disaster prevention and
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mitigation, and ocean security. By establishing a col- navigation in Fujian Province, provides ocean fishing
laborative mechanism, the synergy between provincial forecasts in Shandong Province, and assists Guang-
centers and ministry-level centers is optimized, result- dong Province in conducting surveys of marine wind
ing in enhanced application efficiency. NSOAS adopts energy resources.

a personalized strategy to customize its services based To better serve users of ocean satellite data, NSOAC
on the specific demands for ocean satellite data in dif- has established an ocean satellite data distribution sys-
ferent regions. For example, it supports Hebei, Jiangsu, tem and a data-sharing service platform available in
and Zhejiang Provinces in conducting operational English and Chinese. The login address for the ocean
monitoring of offshore sea ice, red tides, and typhoons.  satellite data distribution system is https://osdds.
It ensures marine forecasts and aids strait transport nsoas.org.cn. Additionally, a dedicated network line


https://osdds.nsoas.org.cn
https://osdds.nsoas.org.cn

Jiang et al. Intelligent Marine Technology and Systems (2023) 1:6

Page 10 of 19

Thematic map of global sea surface temperature
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Fig. 10 HY-1C COCTS global sea surface temperature thematic map (July 2, 2023) (National Satellite Ocean Applications Service: http://www.nsoas.

org.cn/)

has been established with 19 users, including institu-
tions directly under the Ministry of Natural Resources,
local provincial and municipal departments, and
bureaus. A public WeChat service number and a 24-h
service telephone number have also been made avail-
able. As of October 2021, the cumulative distribution
of ocean satellite data reached approximately 270 TB.
Differentiated services are offered based on user
types, including three distribution methods: order
downloads, File Transfer Protocol (FTP) downloads,
and data pushes. These methods cater to users of the
intranet dedicated line, large customers via FTP on the
extranet, and ordinary users via the extranet website.
Currently, the ocean satellite data distribution system
has over 2000 registered users, including businesses,
scientific research institutes, colleges, universities, and
other relevant organizations.

Figures 10, 11, 12, 13 and 14 show thematic map
products of SST, chlorophyll concentration, sea sur-
face height, and sea surface wind field produced by

NCSOA. These products are generated based on
data from HY-1/COCTS, HY-2 microwave radiom-
eter, satellite altimeter, and microwave scatterometer,
respectively.

4 Summary

China has incorporated ‘actively expanding the space
for marine economic development’ as a dedicated chap-
ter in its ocean-related initiatives. This chapter is further
divided into three sections: ‘building a modern marine
industrial system, ‘creating a sustainable marine ecologi-
cal environment;, and ‘deeply participating in global ocean
governance. Presently, ocean observation technology
remains a core component of marine science and tech-
nology, playing a pivotal role in shaping a modern ocean
industry system. Its capabilities are directly linked with
the development of the marine ecological environment
and global ocean governance. Ocean remote sensing
products, as integral components of the ocean observa-
tion technology system, have successfully transitioned
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Thematic map of global distribution of chlorophyll concentrations
(20230702T00:00:00 UTC—-20230702T23:59:59 UTC)
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Fig. 11 HY-1C thematic map of global distribution of COCTS chlorophyll concentration (July 4, 2023) (National Satellite Ocean Applications Service:

http://www.nsoas.org.cn/)

from scientific and technological innovation to commer-
cial operation.

China has established a series of marine satellites
as part of its civil space infrastructure plan, and com-
mercial marine satellites are steadily expanding. The
field of ocean remote sensing and spaceflight is evolv-
ing globally, with parallel developments in China, the
United States, and Europe. China’s public welfare ser-
vices in ocean remote sensing are becoming increas-
ingly effective, as evidenced by the completion of the
national-provincial ocean remote sensing applica-
tion system and the consistent release of operational
ocean remote sensing products. In terms of value-
added services in ocean remote sensing, both theoreti-
cal research and practical applications have begun to
take shape. Market trends are increasingly influencing
industry development, garnering considerable atten-
tion. However, the construction of China’s marine
remote sensing application system still lags behind of
developed nations and lacks sufficient investment. The

existing application system is operating at full capac-
ity, and its support capacity is nearing its limit. This
situation not only hampers the ability to efficiently
process and store large-scale data from in-orbit satel-
lites but also falls short of meeting the pressing needs
of the national natural resource survey and monitoring
in terms of functionality.

Compared with foreign countries, a considerable
gap still exists between the industrialization of ocean
remote sensing in China and that in developed nations.
Therefore, there is an urgent need to align the devel-
opment of ocean remote sensing with the globalized
service landscape. It is crucial to seize the opportu-
nity presented by the rapid advancement in aerospace
engineering technology and marine scientific research
capabilities and accelerate the exploration of indus-
trial development models. Recently, with the growing
demand for satellite remote sensing and spatial infor-
mation services, along with the continuous implemen-
tation of favorable policies, the number of domestic
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The HY-2 satellite scans the original resolution of the microwave radiometer for sea surface temperatures
(October 25, 2018 at 00:34—October 25, 2018 at 21:53)
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Fig. 12 HY-2 scanning radiometer sea surface temperature products (October 25, 2018) (National Satellite Ocean Applications Service: http:.//www.
nsoas.org.cn/)

HY-2 radar altimeter sea surface altitude
(October 25, 2018 at 23:14—October 26, 2018 at 23:37)
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Fig. 13 HY-2 altimeter sea surface height product (October 25, 2018) (National Satellite Ocean Applications Service: http://www.nsoas.org.cn/)
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Thematic map of global distribution of sea
(20230708T01:07:36 UTC—20230708T21:34:48 UTC)
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Fig. 14 Thematic map of the global distribution of the HY-2B scatterometer sea surface wind field (July 8, 2023) (National Satellite Ocean

Applications Service: http://www.nsoas.org.cn/)

remote sensing satellite launches has increased annu-
ally. China’s remote sensing market is experiencing
rapid growth, presenting new opportunities for the
development of ocean remote sensing. In the era of the
digital economy, harnessing the full potential of marine
remote sensing data, which are extensive, diverse, and
time-sensitive, and developing new application scenar-
ios based on them have become a fresh challenge for
the advancement of ocean remote sensing.

During the 14th Five-Year Plan period, the develop-
ment of the digital economy reached new heights. With
the deepening of concepts such as ’intelligent ocean’
and ’'value-added marine information service’ and the
growing integration of technologies such as cloud com-
puting, Al, and big data in the ocean domain, innova-
tion in ocean science and technology has gained fresh
momentum. Ocean application scenarios are expanding

into new domains, creating an increased demand for a
national-level operational application system for ocean
remote sensing satellites. This system should be well-
coordinated, strategically planned, and feature-rich,
promoting information sharing and providing efficient
services. There is an urgent need to strengthen and
expedite the development of ground infrastructure
and application systems for remote sensing satellites
focused on natural resources. Additionally, it is critical
to adapt to the requirements of significant reform tasks
in the new period, such as the management of national
natural resources, by fully exploiting the application
potential of various types of satellite data resources.
This will contribute to enhancing the engineering,
operationalization, and industrialization of applications
based on natural resource monitoring using remote
sensing satellites.
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Appendix
Technical indicators of the ocean satellite
Table A1 Overall technical specifications of the HY-1 series of satellites
HY-1A HY-1B HY-1C HY-1D
(decommission)
Information Launch date 2002-5-15 2007-4-11 2018-9-7 2020-6-10
Orbital height (km) 798 798 780 780
Rail inclination (°) 98.8 98.8 98.6 98.6
Local time 8:53-10:10 10:30+30 min 10:30+30 min 13:30+30 min
at the descending
node
Cyclicality (min) 100.8 100.8 — —
Repeat observation COCTS: 3 days; COCTS: 1 day; COCTS: 1 day; COCTS: 1 day;
period CCD: 7 days CCD: 7 days CCD: 3 days; CCD: 7 days;
UVimager: 1 day UVimager: 1 day
COCTS Substellar point 1100 1100 1100 1100
ground resolution (m)
Number of bands 10 10 10 10
Bandwidth (um) 0402-12.50 0402 -12.50 0402 -12.50 0402-1250
Width (km) — — >2900 >2900
ccb Substellar point 250 250 250 250
ground resolution (m)
Number of bands 4 4 4 4
Bandwidth (um) 042-0.89 0433 -0.695 042-0.89 042-0.89
Width (km) — — >950 >950
Other UVimager — — Bandwidth (um) Bandwidth (um)
0.345-0.365 0.345 -0.365
0.375-0.395 0.375-0.395
Ship identification — — Operating frequency:  Operating frequency:
system 1.975 MHz; 1.975 MHz;
162.025 MHz; 162.025 MHz;
156.775 MHz; 156.775 MHz;
156.825 MHz; 156.825 MHz;
Monitorable width: Monitorable width:
> 1000 km > 1000 km




Jiang et al. Intelligent Marine Technology and Systems

(2023) 1:6

Table A2 Overall technical specifications of the HY-2 series of satellites

Page 15 0of 19

HY-2A HY-2B HY-2C HY-2D
(decommission)
Information Launch date 2011-8-16 2018-10-25 2020-9-21 2021-5-19
Orbital height (km) 969 968 957 959
Rail inclination (°) 99 99 66 66
Cyclicality (day) 14 14 10 10
Adjacent track spacing — 207.64 292.52 292.52
(km)
Intersection period (min) 104.46 104.46 104.10 104.10
Scanning microwave  Operating frequency 6.6 VH, 6.6 VH, — —
radiometer and polarization mode 10.7 VH, 10.7 VH,
(GHz) 18.7 VH, 18.7 VH,
23.8VH, 23.8VH,
37 VH 37 VH
Width (km) > 1600 > 1600 — —
Calibration accuracy (K) 1.0 (180 - 350) 1.0 (95 -320) — —
Calibration of micro-  Operating frequency 18.7,23.8,37 18.7,23.8,37 18.7,23.8,37 18.7,23.8,37
wave radiometers (GH2)
Calibration accuracy (K) 1.0 (180 - 320) 1.0 (120 - 320) 1.0 (120 - 320) 1.0 (120 - 320)
Microwave scatter- Operating frequency 13.256 13.256 13.256 13.256
ometer (GH2)
Width (km) H-pol:> 1350 H-pol:> 1350 H-pol:>1350 H-pol:> 1350
V-pol:> 1700 V-pol:> 1700 V-pol:> 1700 V-pol: > 1700
Wind speed measure- 2 2 2 2
ment accuracy (m/s)
Wind speed measure- 2-24 2-24 2-24 2-24
ment range (m/s)
Wind direction measure- 20 20 20 20
ment accuracy (°)
Radar altimeter Operating frequency 13.58,5.25 13.58,5.25 13.58,5.25 13.58,5.25

Other

(GH2)

Measuring high preci-
sion (cm)

Effective wave height
measurement range (m)

Ship identification
system

Data collection system

<8 (nadir-viewing)

0.5-20

<2 (nadir-viewing)

0.5-20

Operating frequency:

161.975 MHz,
162.025 MHz;
156.775 MHz,
156.825 MHz;
Monitorable width:
>1000 km

Operating frequency:

401.65 MHz +55 kHz;
Modulation method:
BPSK

<2 (nadir-viewing)

05-20

Operating frequency:

161.975 MHz;
162.025 MHz;
156.775 MHz;
156.825 MHz;
Monitorable width:
>1000 km

Operating frequency:

401.65 MHz £55 kHz;
Modulation method:
BPSK

<2 (nadir-viewing)
0.5-20

Operating frequency:
161.975 MHz;
162.025 MHz;
156.775 MHz;
156.825 MHz;
Monitorable width:

> 1000 km
Operating frequency:
401.65 MHz+£55 kHz

Modulation method:
BPSK




Jiang et al. Intelligent Marine Technology and Systems (2023) 1:6 Page 16 of 19
Table A3 Overall technical indicators of the Haiyang-3 (Gaofen-3) series of satellites
GF-3 1m C-SAR 01/ 1m C-SAR 02/
GF-3 02 GF-303

Information Launch date 2016-8-10 2021-11-23 20224-7

Orbital height 755 755 755

(km)

Rail inclination 98.4 98.4 98.4

)

Resolution (m) Width (km) Resolution (m) Width (km) Resolution (m) Width (km)

Image mode Ultra-fine strip- 1 10 Same as GF-3 Same as GF-3

map (UFS)

Fine stripmap 3 30

(FSI)

Wide fine strip- 5 50

map (FSII)

Standard strip- 10 100

map (SS)

Quad-pol strip- 25 130

map (QPSI)

Wide quad-pol 8 30

stripmap (QPSII)

Narrow ScanSAR 25 40

(NSC)

Wide ScanSAR 50 300

(WsQ)

Global observa- 100 500

tion (GLO)

Wave (WAV) 500 650

Extended 10 5

incidence angle

(EXT)—Ilow

Extended 25 130

incidence angle

(EXT)—high

Table A4 General technical specifications of China-France Oceanography SATellite (CFOSAT)

SWIM (for monitoring sea surface waves)

SCAT (for sea surface wind measurements)

Operating frequency

Width
Resolution

Wind speed accuracy and range

Wind direction accuracy
Detectable wavelength range

Wavelength accuracy

13.575 GHz
180 km
70 km <90 km

70-500 m
10%-20%

13.256 GHz
> 1000 km

25kmx25km/12.5kmx12.5km
+2 m/s or 10% (take the greater value) (4 — 24

m/s)
+20°




Jiang et al. Intelligent Marine Technology and Systems (2023) 1:6 Page 17 of 19
Table A5 China ocean satellite data products
Product type Payload Sources Resolution Index Remark
Wind field Scatterometer HY-2A/B 25km/0.25° Wind speed >2 m/s L2B, L3, L4
CFOSAT 25km /12,5 km Wind direction=20° | 5p
Metop-A/B 25km /125 km L2
Wind speed Altimeter HY-2A/B 7 km >2m/s OGDR, IGDR
Radiometer HY-2B 56 km x93 km, L2B
74 kmx122 km,
31 kmx51km
Effective wave height  Altimeter HY-2A/B 7 km >50cm OGDR, IGDR
Jason-3
SARAL L3NRT
Cryosat-2
Jason-CS
Sea surface tempera- Rediometer HY-2B 74 kmx 122 km, 1K L2B
ture 56 km x93 km, L2C
31 kmx51km, L2D
25km/0.25°
COCTS HY-1C/D 1.1km, 9 km L2B, L3A
Sea surface height Altimeter HY-2A/B 7 km >5cm OGDR, IGDR, GDR
Sea surface height Altimeter HY-2B 0.25° L3
anomaly
Sea surface dynamic Altimeter HY-2B 0.25° L3
anomaly
Geostrophic current Altimeter HY-2B 0.25° L3
Atmospheric water Radiometer HY-2B 27 kmx 44 km, L2B, L2C, L4A
vapor content 74 kmx 122 km,
56 km x93 km,
31 kmx51km
Cloud liquid water Radiometer HY-2B 27 kmx 44 km, 2B, L2C, L4A
content 74 kmx122 km,
56 km x93 km,
31 kmx51km
Chlorophyll concen- COCTS HY-1C 1.1 km, 9 km 40% 2B, L3A
tration
Suspended sediment  COCTS HY-1C 1.1 km 40% 128
content (4] HY-1C 50m L28B
Vegetation index (4] HY-1C 50m 128
Bohai sea ice products  COCTS HY-1C 1.1 km
(4] HY-1C 50m
QOil spill monitoring SAR GF-3 8m L2A
products
Green tide monitoring  COCTS HY-1C 250m Multi-data fusion
report
Wave spectrum SWI CFOSAT L2B
Ship position informa-  Ship identification HY-1C, HY-2B L1B
tion system
Land optical products  CZI HY-1C 50m
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