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Abstract
Information on the Chinese and European spaceborne earth observing satellite (and spacecraft) missions between 1988 and 2025 are comprehensively presented, including historical, in-orbit and planned (or future) satellites. A detailed introduction of seven Chinese satellite (and spacecraft) series including FY-n, HY-n, ZY-n, HJ-n, SZ-n, CRS-n and DMC/BJ-1 is given. All above satellite (and spacecraft) series are capable of ocean observation, and therefore comprise the Chinese satellite (and spacecraft) ocean observing system. Furthermore, the satellite (and spacecraft) observing systems for ocean color, sea surface temperature, sea surface height, sea surface vector winds and SAR are listed respectively according to onboard sensors.
The performance of sensors onboard the Chinese and other similar ocean observing satellites is compared and discussed, and the gaps are pointed out. The 21 in-orbit sensors onboard Chinese ocean observing systems and other similar satellite sensors are listed.
The data assimilation into an ENSO prediction system (EPS), the development of a Chinese regional high resolution sea surface temperature system within the framework of GHRSST and the monitoring of floating algae by MODIS data in Qingdao Olympic sailing area in 2008 are introduced. From these three cases, a glance at the status of utilizing Chinese satellite data is given.
1. Chinese Spaceborne Ocean Observing Systems
Table 1 shows Chinese spaceborne earth observing satellite missions by launch date, including historical, on-orbit and planned (or future) satellites. There are 7 satellite series in all FengYun satellites (FY-n), ocean satellites (HY-n), resource satellites (CBERS, ZY-n) and environment satellites (HJ-n) are jointly implemented by China National Space Administration (CNSA) and related application sectors which are China Meteorological Administration (CMA), State Oceanic Administration (SOA), Ministry of Land and Resources (MLR) and Ministry of Civil Affairs (MCA) / Ministry of Environmental Protection (MEP) respectively. Shenzhou spacecrafts (SZ-n) and Chinese Remote Sensing satellites (CRS-n or YG-n) are implemented by CNSA. Disaster Monitoring Constellation / BeiJing-1 micro-satellite (DMC / BJ-1 micro-satellite) are implemented by Ministry of Science and Technology of China (MOST). Table 2 outlines the primary sensors and applications of the above six satellite missions and one spacecrafts mission. 

FY-n is the meteorological satellite series, including polar-orbiting and geostationary meteorological satellites, whose serial numbers n are odd and even ones respectively. FY-1A and FY-1B are experimental satellites carrying 5-channel Multichannel Visible Infrared Scanning Radiometers (MVISR-1). FY-1C and FY-1D are operational satellites carrying 10-channel Multichannel Visible Infrared Scanning Radiometers (MVISR-2) similar to channels of NOAA/AVHRR and CZCS. FY-3 is the second generation of polar-orbiting meteorological satellites of China carrying 10-channel Visible and InfraRed Radiometer (VIRR, the improved version of MVISR-2), Infrared Atmospheric Sounder (IRAS), MicroWave Temperature Sounder (MWTS), MicroWave Humidity Sounder (MWHS), Solar Backscatter Ultraviolet Sounder (SBUS), Total Ozone Unit (TOU), Earth Radiation Measurement (ERM), Solar Irradiation Monitor (SIM), MicroWave Radiation Imager (MWRI), MEdium Resolution Spectral Imager (MERSI) and Space Environment Monitor (SEM). The first eight sensors are similar to NOAA/AVHRR and TOVS, the MWRI is similar to the TRMM/TMI, and the MERSI is similar to the EOS/MODIS. The SEM measures high-energy particles, high-energy atom, high-energy electrons and radiation dose. FY-3A and FY-3B are experimental satellites. FY-3C, FY-3E and FY-3G are AM satellites, also called FY-3/AM1, FY-3/AM2 and FY-3/AM3. FY-3D, FY-3F and FY-3H are PM satellites, also called FY-3/PM1, FY-3/PM2 and FY-3/PM3. Generally, FY-3 is similar to the American National Polar-orbiting Operational Environmental Satellite System (NPOESS) and the European Meteorological Operational satellite programme (MetOp), however, FY-3 does not carry the active sensors such as Advanced Scatterometer (MetOp/ASCAT), Radar Altimeter (NPOESS/Radar ALT), Aerosol Polarimeter Sensor (NPOESS/APS), GNSS (Global Navigation Satellite System) Receiver for Atmospheric Sounding (MetOp/GRAS) and Atmospheric Laser Doppler instrument (ADM-AEOLUS/ALDIN). FY-2A and FY-2B are also experimental satellites, however, they operated over eight and five years respectively and exceed the two-year design life. The 3-channel Visible and Infrared Spin Scan Radiometers (VISSR-1) are onboard FY-2A and FY-2B. FY-2C and FY-2D are operational satellites carrying Visible and Infrared Spin Scan Radiometer (VISSR-2). The number of spectral channels of VISSR-2 is increased to five, and the infrared wave window 10.5-12.5μm is splited into two channels for the retrieval of Sea Surface Temperature (SST). FY-2E is a substitute satellite for FY-2C, carrying the VISSR-2. FY-2F, FY-2G, FY-2H are the follow-on satellites to FY-2C, FY-2D, FY-2E, and will carry VISSR-n which is the improved version of VISSR-2. FY-4 is the second generation geostationary meteorological satellites of China and consists of two sub-series, optical satellites and microwave satellites. FY-4 optical satellites (FY-4 O) will carry Multiple Channel Scanning Imager (MCSI), Interferometric Infrared Sounder (I I S) and CCD Lightning Mapper (LM). FY-4 O will operate simultaneously in the east and west orbit called FY-4 O EAST and FY-4 O WEST respectively. FY-4 O EAST will provide observation of the middle and eastern China and Pacific Ocean. FY-4 O WEST will provide observation of the western China, Indian Sea, Red Sea and Middle East. FY-4 microwave satellites (FY-4 M) will carry MicroWave Radiation Imager (GEO-MWRI). FY-4 M will operate between FY-4 O EAST and FY-4 O WEST. In general, FY-4 series is similar to American GOES-R satellite and European Meteosat (MTG) satellite, nevertheless, FY-4 does not carry the instruments for space environment detection as GOES-R/SEISS, EXIS and SUVI, and for earth’s geomagnetic field measurement as GOES-R/MAG. In addition, the spatial resolution of optical instruments onboard FY-4 O is lower than GOES-R and Meteosat (MTG).
HY-n is the polar-orbiting ocean satellite series, including three sub-series of ocean color satellites, ocean dynamic environment satellites as well as ocean watch and monitor satellites called HY-1, HY-2 and HY-3 respectively. HY-1A is an experimental satellite and was launched in May 2002. Its operation terminated in April 2004 due to malfunction. HY-1A carried the Chinese Ocean Color and Temperature Scanner (COCTS) and the Coastal Zone Imager (CZI). The COCTS is a 10-channel visible and infrared radiometer similar to ADEOS/OCTS. The CZI is a 4-channel CCD camera. HY-1B is an operational satellite and carries improved COCTS and CZI. The swath of COCTS is increased and the bandwidth of CZI spectral channels is reduced from 80 nm to 20 nm. HY-1C/1D, HY-1E/1F and HY-1G/1H are the follow-on ocean color satellites, and 1C, 1E, 1G and 1D, 1F, 1H are AM and PM satellites respectively. HY-2A is an experimental satellite carrying a Ku-band microwave radiometer, a Ku / C-band microwave altimeter and a 5-channel microwave radiometer similar to QuikSCAT, Topex/Poseidon and EOS-Aqua/AMSR-E, respectively. HY-3 will carry a C-band SAR with 10 m spatial resolution, an X-band SAR with 1 m spatial resolution and an 8-channel CCD imager with 3 m spatial resolution similar to Envisat/ASAR and TerraSAR-X. However, TerraSAR-X has the possibility of sea surface current measurements by along-track interferometry, which is not planned for the HY-3A/SAR-X mission. On the whole, HY-1, 2, 3 series will all go into operation around 2015, and their performance will be equivalent to that of current international operational ocean observing satellites. Some advanced sensors such as EO-1/Hyperion, ISS-JEM/HICO, TerraSAR-X/ATI, Coriolis/WindSat, SMOS, Sentinel-3/SAR-ALT and COMS-1/GOCI, are not flown on HY-n. The ROCASAT-1 satellite was launched by Taiwan before HY-1A and FY-1C satellites, and carried a 6-channel ocean color imager (OCI). Its orbit inclination angle is 35°, and this is the special feature of OCI ocean color data.
ZY-n is the polar-orbiting resource satellite series. The governments of China and Brazil signed in 1988 a partnership agreement to fund and develop jointly the China-Brazil Earth-Resources Satellite (CBERS) based on the Chinese ZY-1 satellites scheme: Therefore, CBERS-1, 2, 2B, 3, and 4 belong to the ZY-1 sub-series. The CBERS-1, 2, 2B satellites carry the 5-channel CCD camera, Infrared Multi-Spectral Scanner (IRMSS), Wide Field Imager (WFI) and high resolution camera (HR). The CBERS-2B/CCD & HR with spatial resolution of 20 m and 2 m, respectively, can be used to monitor the coastal ocean. CBERS-3, 4 satellites will carry the improved CCD, IRMSS, WFI and Panchromatic and Multi-spectral camera (PAN-MUX). The performance of CBERS is similar to that of Landsat 7/ETM+ and SPOT 5. ZY-2 satellites are funded and developed by China, and carry high resolution optical sensors (improved HR, PAN-MUX). The performance of ZY-2 is similar to that of QuickBird and IKONOS. The operation time of ZY-2A and ZY-2B greatly exceed their two-year design life, so ZY-2A, ZY-2B and ZY-2C could form an earth observing network. 
SZ-n is the Chinese manned spacecraft series. SZ-1 flew in space for only one day, and carried out experiments for equipments and data transmission in orbit. SZ-2, 3, 4 flew in space for five to seven days, and the orbital module stayed in orbit for half a year carrying out the experimental observation of the sensors for space and earth environment monitoring. The earth observing sensors included a medium resolution spectral imager, a multi-mode microwave remote sensor, a solar constant monitor, a solar ultraviolet spectral monitor, an atmospheric ozone sounder, an earth radiation budget sensor and so on, which are the payloads of FY-3A and HY-2A. The SZ-5 manned spacecraft flew in space for one day, and the orbital module stayed in orbit for half a year carrying out the experimental observation for space environment monitoring. The SZ-6 manned spacecraft flew in space for 6 days, and the orbital module stayed in orbit for two years carrying out experimental observations for earth environment monitoring. The SZ-7 manned spacecraft is scheduled to be launched in October 2008, and will return after a five-day flight. The astronauts will carry out experiments of the extra-vehicular activity (EVA) and release a micro-satellite carried along with the spacecraft. The orbital module will not stay in orbit as usual.
DMC/BJ-1 (Disaster Monitoring Constellation / Beijing -1) is a 166kg small satellite. Three small satellites for earth observation developed by British Surrey Satellite Technology Ltd (SSTL) were successfully launched on 27 September 2003. These three small satellites and the ALSAT-1, a small satellite which was launched by Algeria before, form the international Disaster Monitoring Constellation (DMC). Beijing-1, small satellite (BJ-1) implemented by MOST, was launched on 27 October 2005 and joined in the DMC. The BJ-1 small satellite, also called DMC+4, carries the multi-spectral and panchromatic CCD imagers with the spatial resolution of 32 m and 4 m, respectively. The DMC alliance consists of seven countries, UK, Algeria, China, Turkey, Nigeria, Thailand and Vietnam, and coordinated by SSTL. BJ-1 can also be used for coastal zone monitoring.
HJ-n is the polar-orbiting small satellite constellation for environment and disaster monitoring, which consist of ‘2+1’ constellation and ‘4+4’ constellation, called HJ-1 and HJ-2, respectively. HJ-1A and HJ-1B were launched simultaneously. HJ-1A carries a multi-spectral camera (CCD) and a Hyper Spectral Imager (HSI) with a spectral resolution of 5 nm. HJ-1B carries a multi-spectral camera (CCD) and a multi-spectral Infrared Camera (IR). The HSI is similar to ISS-JEM/HICO. HJ-1C will carry an S-band SAR with spatial resolution of 5 m and 20 m similar to the Russian Almaz/SAR. HJ-1 constellation will be very useful for ocean color, ocean dynamic environment and ocean watch and monitoring, and especially the HSI and SAR-S fill the gap of HY-n. HJ-2 constellation will consist of four optical small satellites and four SAR small satellites.
CRS-n is a high spatial resolution satellite series, also called YG-n, which carry the high spatial resolution SAR and optical sensors. CRS-1 is the first SAR satellite in China and carries an L-band SAR with a resolution of 5 m. CRS-2 carries optical sensors. CRS-3 carries an L-band SAR with a resolution of 5 m. The launch time of these three satellites is close. CRS-n is very useful for ocean dynamic environment and ocean monitoring.
Table 1: Chinese spaceborne earth observing system (EOS)
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Table 2: Primary sensors and applications of Chinese spaceborne EOS
	Satellite series
	Satellite
	Orbit
	Launch date
	Design life / EOL date
	Primary sensors
	Primary
applications

	FY-n
	FY-1A
	Polar
	1988-09-07
	1988-10
	MVISR-1
	Meteorology

	
	FY-1B
	
	1990-09-03
	1991-02
	
	

	
	FY-1C
	
	1999-05-10
	2004-03
	MVISR-2
	Meteorology,
Ocean color,

SST



	
	FY-1D
	
	2002-05-15
	2 years
	
	

	
	FY-2A
	Geostationary
	1997-06-10
	2006-06
	VISSR-1
	Meteorology,

	
	FY-2B
	
	2000-06-25
	2006-06
	VISSR-1
	

	
	FY-2C
	
	2004-10-19
	3 years
	VISSR-2
	Meteorology
SST

	
	FY-2D
	
	2006-12-08
	3 years
	VISSR-2
	

	
	FY-2E
	
	2008-10
	3 years
	VISSR-2
	

	
	FY-2F
	
	2010
	4 years
	VISSR-n
	

	
	FY-2G
	
	2012
	4 years
	VISSR-n
	

	
	FY-2H
	
	2014
	4 years
	VISSR-n
	

	
	FY-3A
	Polar
	2008-05-27
	3 years
	VIRR, IRAS, MWTS, MWHS, SBUS, TOU, ERM, SIM, MWRI, MERSI, SEM
	Meteorology,

Ocean,

Land,

Space

	
	FY-3B
	
	2009
	3 years
	
	

	
	FY-3C/AM1
	
	2013
	3 years
	
	

	
	FY-3D/PM1
	
	2015
	3 years
	
	

	
	FY-3E/AM2
	
	2017
	3 years
	
	

	
	FY-3F/PM2
	
	2019
	3 years
	
	

	
	FY-3G/AM3
	
	2021
	3 years
	
	

	
	FY-3H/PM3
	
	2023
	3 years
	
	

	
	FY-4 O
	Geostationary
	2012
	4 years
	IIS, MCSI, LM(CCD)
	Meteorology,

Ocean, Land



	
	FY-4 M
	
	2015
	4 years
	GEO-MWRI
	

	HY-n
	ROCSAT-1
	Polar
	1999-01-27
	2004-06-16
	OCI, IPEI
	Ocean color, Detection of charged particles in the ionosphere

	
	HY-1A
	Polar
	2002-05-15
	2004-04-01
	COCTS, CZI
	Ocean color

	
	HY-1B
	
	2007-04-11
	3 years
	
	

	
	HY-1C/D
	
	2010
	3 years
	
	

	
	HY-1E/F
	
	2013
	3 years
	
	

	
	HY-1G/H
	
	2016
	3 years
	
	

	
	HY-2A
	
	2009
	4 years


	SCA(Ku), ALT(Ku,C), RAD(5 bands)
	Ocean dynamic environment

	
	HY-2B
	
	2012
	4 years
	
	

	
	HY-2C
	
	2015
	4 years
	
	

	
	HY-2D
	
	2018
	4 years
	
	

	
	HY-3A
	
	2012
	5 years
	SAR(X,1m),SAR(C,10m),CCD(3m)
	Ocean watch and monitoring


	
	HY-3B
	
	2017
	5 years
	
	

	CBERS, ZY-n
	CBERS-1
	Polar
	1999-10-14
	2003-08-13
	CCD, IRMSS, WFI
	Land,

Coastal zone

	
	CBERS-2
	
	2003-10-21
	2 years
	
	

	
	CBERS-2B
	
	2007-09-19
	2 years
	CCD, WFI, HR
	

	
	CBERS-3
	
	2009
	3 years
	CCD, IRMSS, WFI, PAN-MUX (PAN-MS)
	

	
	CBERS-4
	
	2011
	3 years
	
	

	
	ZY-2A
	Polar
	2000-09-01
	2 years
	HR, PAN-MS
	

	
	ZY-2B
	
	2002-10-27
	2 years
	
	

	
	ZY-2C
	
	2004-11-06
	2 years
	
	

	SZ-n
	SZ-1
	
	1999-11-20
	1 day
	
	

	
	SZ-2
	
	2001-01-10
	6 days
	The orbital module stayed in orbit, Space and earth environment sensor experiments. Such as CMODIS, M3RS, SBUS, TOU, ERM, SIM, etc.
	

	
	SZ-3
	
	2002-03-25
	7 days
	
	

	
	SZ-4
	
	2002-12-30
	5 days
	
	

	
	SZ-5
	
	2003-10-15
	1 day
	
	

	
	SZ-6
	
	2005-10-12
	5 days
	
	

	
	SZ-7
	
	2008-10
	5 days
	
	

	DMC
	DMC/BJ-1
	Polar
	2005-10-27
	5 years
	PAN-MS
	Land,

Coastal zone

	CRS-n

or YG-n
	CRS-1
	Polar
	2006-04-27
	2 years
	L-band SAR
	Land,

Ocean

	
	CRS-2
	
	2007-05-25
	2 years
	HR, PAN-MS
	

	
	CRS-3
	
	2007-11-12
	2 years
	L-band SAR
	

	HJ-n
	HJ-1A
	Polar
	2008-09-06
	3 years
	CCD, HSI
	Environment and disaster monitoring,

Ocean

	
	HJ-1B
	
	2008-09-06
	3 years
	CCD, IR
	

	
	HJ-1C
	
	2009
	3 years
	S-band SAR
	

	
	HJ-2 (4+4)
	
	2012
	3 years
	CCD, IR, HSI, SAR
	


All above satellite and spacecraft series are capable of ocean observation, and therefore comprise the Chinese spaceborne ocean observing system. Table 3 to 8 show the satellite and spacecraft missions carrying ocean color sensors, infrared and microwave radiometers, microwave altimeters, microwave scatterometers, microwave SARs and high spatial resolution optical sensors, respectively. In Table 3 to 8, the planned satellite missions are identified by colored bars with black slash and arrows, on-orbit missions are without black slash, and historical missions are without arrows and black slash. Some other ocean observing sensors which are operational and their follow-on are also listed at the bottom of Table 3 to 7, and are identified by gray lines with arrows. 
Table 3 shows the Chinese satellite missions carrying ocean color sensors. Among seven satellite and spacecraft series, FY-n, HY-n, SZ-n and HJ-n carry ocean color sensors. Thus quasi-simultaneous observation could be achieved with two medium resolution spectral imagers (HY-1B/COCTS, FY-3A/MERSI) and a hyper-spectral imager (HJ-1A/HSI). Together with SeaWiFS, MODIS and its follow-on, MERIS and its follow-on, OCM and its follow-on, Hyperion and its follow-on, and SGLI, quasi-simultaneous observation data from 8-9 ocean color sensors could be obtained. This is very useful for marine ecological environment monitoring such as Red Tides. The key issue is how to get these data quickly and conveniently to the users.
Table 4 shows the Chinese satellite missions carrying infrared and microwave radiometers. Among seven satellite and spacecraft series, FY-n and HY-n carry infrared and microwave radiometers which could be used to retrieve Sea Surface Temperature (SST). FY-1D/MVISR-2 and FY-3A/VIRR have three infrared channels. The channels are similar to NOAA/AVHRR, Envisat/AATSR and EOS/MODIS. HY-1B/COCTS has only two infrared channels. FY-3A/MWRI and HY-2A/RAD are 5-channel microwave radiometers. The quasi-simultaneous SST observation could be achieved by FY-1D, FY-3A and HY-1B. Moreover, all-weather and all day/night high resolution SST data could be obtained together with FY-3A/MWRI and HY-2A/RAD. These could contribute to the GHRSST project. Together with AVHRR, MODIS and its follow-on, ATSR and its follow-on, TMI, AMSR-E and its follow-on, and WindSat, the quasi-simultaneous 1 km resolution SST observation data retrieved from 10-11 infrared and microwave radiometers could be obtained. In addition, Chinese geostationary satellites (FY-2C, 2D, 2E/VISSR-2, FY-4/MCSI, GEO-MWRI), and other geostationary satellites (GOES/IMAGER, Meteosat/MVIRI), could provide high temporal resolution average cloud-free SST.
Table 5 shows the Chinese satellite missions carrying microwave altimeters. Among seven satellite and spacecraft series, only HY-n carries a microwave altimeter (ALT). HY-2A, the first satellite carrying the ALT in China, will be launched in 2009. The dual-frequency (Ku, C) altimeter is similar to Topex/Poseidon. HY-2A/ALT will operate in orbit concurrently with Jason-1, 2, 3, Envisat/ALT, CryoSat-2/SIRAL, Sentinel/SRAL and NPOESS/ALT, so data from 4-5 altimeters could be obtained for the inter-comparison and merging of the data.
Table 6 shows the Chinese satellite missions carrying microwave scatterometers. Among seven satellite and spacecraft series, only the HY-n carries a microwave scatterometer (SCAT). HY-2A, the first satellite carrying a scatterometer (SCAT) in China, will be launched in 2009. The SCAT will operate at Ku frequency similar to QuikSCAT. HY-2A/SCAT will operate in orbit concurrently with QuikSCAT, ERS-2/SACT, Coriolis/WindSat, MetOp/ASCAT, OceanSat-2/SCAT, GCOM/SeaWinds, NPOESS /CMIS, so data from 4-5 sactterometers could be obtained for data inter-comparison and data merging. WindSat is a full polarization microwave radiometer, and can provide sea surface vector winds. Furthermore, the microwave radiometers and microwave altimeters listed in Tab.4 and Tab.5 could provide sea surface wind speed. Microwave SARs listed in Tab.7 could provide high spatial resolution sea surface vector winds.
Table 7 shows the Chinese satellite missions carrying microwave SARs. Among seven satellite and spacecraft series, CRS-n, HJ-n and HY-n carry microwave SARs. CRS-1/SAR (L), the first SAR satellite in China, was launched on 27 April 2006, and its sister satellite CRS-3/SAR (L) was launched on 12 November 2007. HJ-1C/SAR (S) will be launched in 2009. HY-3A 3B/SAR (X, C) will be launched after 2012. If these SAR satellites could operate over design life, then multi-frequency SARs will be in orbit concurrently. Together with ERS & Envisat/SAR (C) and their follow-on, TerraSAR-X and its follow-on, COSMO-SkyMed/SAR (X) and its follow-on, RADARSAT-1/SAR (C) and its follow-on, and ALOS/PALSAR (L), there will be 8-9 SAR sensors operating in orbit concurrently. However, it is relatively inconvenient to obtain SAR data.
Table 8 shows the Chinese satellite missions carrying high spatial resolution optical sensors. Among seven satellite and spacecraft series, HY-n, ZY-n, HJ-n and DMC/BJ-1 carry optical sensors with spatial resolution better than 30 m as follows, which could be used for qualitative observation and monitoring of coastal zone and analysis of coastal SAR images.
	Optical sensors HY-3A, 3B/CCD
	Spatial resolution  3 m

	ZY-2A, 2B, 2C/HR, PAN-MS
	2 m, 5 m

	CBERS-1, 2/CCD
	20 m

	CBERS-2B/ CCD, HR
	20 m, 2 m

	CBERS-3, 4/ PAN-MUX
	10 m, 2 m

	HJ-1A, 1B/CCD
	30 m

	HJ-2 (4)/CCD
	< 30 m

	DMC/BJ-1/PAN-MS
	32 m, 4 m


Table 3: Chinese satellite missions carrying ocean color sensors
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Table 4: Chinese satellite missions carrying infrared and microwave radiometers
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Table 5: Chinese satellite missions carrying microwave altimeters
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Table 6: Chinese satellite missions carrying microwave scatterometers
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Table 7: Chinese satellite missions carrying microwave SARs
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Table 8: Chinese satellite missions carrying high spatial resolution optical sensors
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2. European Spaceborne Ocean Observing Systems

The European Spaceborne Earth Observing System consists of ESA satellites and national satellites. 

2.1. European Spaceborne Ocean Observing Systems handled by ESA
Table 9 shows European earth observing satellite missions handled by ESA including historical, in-orbit and planned (or future) satellites. The European Remote Sensing satellites ERS-1 and ERS-2 have been launched in 1991 and 1995, respectively, the Envisat satellite in 2002, and the METOP satellite in 2006 (26 October 2006).                                                            

Table 9: Present and Future European Spaceborne Ocean Observing Systems
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The sensors onboard the satellites which are used for ocean observations are the following:

1. On ERS-1 and ERS-2: An Active Microwave Instrument (AMI) comprising a C-band scatterometer and a C-band SAR, an altimeter, and an Along Track Scanning Radiometer (ATSAR).

2. On Envisat: An Advanced C-band SAR (ASAR), an altimeter, an Advanced Along Track Scanning Radiometer (AATSR), and a medium-spectral resolution, imaging spectrometer (MERIS).
3. On METOP: An Advanced Scatterometer (ASCAT).

The parameters of these sensors can be found in the tables in the next section, where the performances of existing and future sensors on Chinese satellites are compared with those on European and non-European satellites:

· Table 16: ERS-1/2 and METOP scatterometers

· Table 17: Envisat ASAR 

· Table 15: Envisat altimeter 

· Table 13: Envisat AATSR 

· Table 12: Envisat MERIS

METOP is Europe's first polar-orbiting satellite dedicated to operational meteorology. It represents the European contribution to a co-operative venture with the United States providing data to monitor climate and improve weather forecasting. The METOP series consists of a total of three satellites, which are designed to provide meteorological operational data from polar orbit until 2020.
METOP carries an Advanced Scatterometer (ASCAT) for measuring wind speed and direction over the ocean. It is an enhanced follow-on instrument to the scatterometers flown on ESA's ERS-1 and ERS-2 satellites. It has six antennas which allows for simultaneous coverage of two swaths on either side of the satellite ground track, providing twice the information of the earlier instruments on ERS-1 and ERS-2 (see Table 16). Sea surface wind speed is used, among others, as input in wave forecast models. If the Quikscat mission should come to an end (Quikscat was launched already in 1999), METOP can fill the gap. Thus continuity of global sea surface wind measurements is provided by the three METOP satellites until 2020.   
Starting in 2011, Europe plans to start a series of earth observation satellites called the “Sentinal series”. The Sentinel satellites will be part of the European project “Global Monitoring for Environment and Security (GMES)”. GMES is a joint initiative of ESA and the European Union “to respond to the need to establish a European capacity for Global Monitoring of Environment and Security to support the public policy maker’s need for global access to reliable, accurate and up-to-date information on issues of environment and security”, It will be the European contribution to the Global Earth Observation System of Systems (GEOSS).
Five different types of satellites are planned in the Sentinel series, called Sentinel 1- 5. Each type consists of several satellites. Their characteristics are given in Table 10. 

Table 10:  Future European Spaceborne Earth Observing Missions: the Sentinel satellites
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The Sentinel satellites are designed to provide continuity of the ERS, ENVISAT, SPOT missions, Sentinel 1 and Sentinel 3 will be used for ocean monitoring. 

Sentinal 1 will carry the European Radar Observatory, which is a C-band Synthetic Aperture Radar (same frequency as Radarsat 2) and has an Interferometric Wide Swath mode. It measures sea surface winds, currents and waves, and will be used in oil spill information services and ship detection services for fisheries and security. Three Sentinel 1 satellites will be launched (in 2011, 2012, and 2003) such that coastal zones and the main shipping routes are covered on a daily basis. The parameters of the Sentinel-1 SAR are given in Table 11.

Table 11: Sentinel-1 SAR image quality
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Sentinel 3 carries an advanced radar altimeter and two multi-channel optical radiometers (VIS, IR) for measuring ocean colour and sea surface temperature. The Ocean and Land Colour Instrument (OLCI) has a strong heritage from MERIS instrument on Envisat, the Sea and Land Surface Temperature Radiometer (SLSTR), a strong heritage from AATSR instrument on Envisat, and the SAR Radar Altimeter (SRAL) a strong heritage from Cryosat (an ESA satellite to be launched in 2009). The first of 3 Sentinel 3 satellites will be launched in 2013. 
 2.2. European National Spaceborne Ocean Observing Systems 
An example of a national Earth Observing satellite system is the French SPOT satellite series. However, it has only limited application for monitoring the ocean. In 2007 three national European satellites were launched which have great potential for ocean monitoring: the German satellite TerraSAR-X (on 15 June 2007) and two Italian/French COSMO-SkyMed satellites (on 8 June and 9 December 2007). Both carry high-resolution X-band SARs. The parameters of TerraSAR-X can be found in Table 17 of the next section. The parameters of the SAR onboard COSMO-SkyMed are quite similar. Like TerraSAR-X, also COSMO-SkyMed SAR has also spotlight mode with a resolution of 1 m. COSMO-SkyMed (Constellation of Small Satellites for Mediterranean basin Observation) consists of a constellation of 4 Synthetic Aperture Radar satellites for primarily military surveillance. But products will be made available also to civilian users.
3. Comparison of Chinese and other international sensors for ocean observation
Table 12 to 17 shows the comparison of Chinese and other sensors including ocean color sensors, sea surface temperature sensors, microwave radiometers, microwave altimeters, microwave scatterometers, and microwave SARs, respectively.
Table 12 shows a comparison of different ocean color sensors. The comparison of HY-1B/COCTS with SeaWiFS shows that they have similar visible spectral bands and bandwidth. The former has two infrared bands and the latter has better radiometric accuracy. The comparison of HY-3A/MERSI with MODIS shows that they have similar visible and near-infrared spectral bands. The latter has better bandwidth of visible bands and radiometric accuracy, while the former has larger swath. Relatively, MERIS is the optimal ocean color sensor by comparison of spectral bands, bandwidth, SNR, radiometric accuracy and spatial resolution. The following is the comparison of hyper spectral imagers which are not included in Tab. 12.
	Hyper spectral imager
	Spectral range
	Band number
	Bandwidth
	Spatial resolution
	Swath

	HJ-1A/HSI
	0.45-0.95 μm
	128
	5 nm 

(average)
	100 m
	50 km

	EO-1/Hyperion
	0.4-1.0 μm
0.9-2.5 μm
	220
	10nm
	30 m
	7.5 km

	ISS-JEM/HICO
	0.38-1.0 μm
	124
	5 nm
	100 m
	50 km


Table 13 shows comparison of infrared sensors which are used to retrieve SST. FY-3A/VIRR, AVHRR, AATSR and MODIS all have three infrared channels of 3.7 μm, 11 μm and 12 μm, and MODIS has two ancillary infrared channels of 4.0μm and 4.1μm. HY-1B/COCTS has only two infrared channels of 11 μm and 12 μm. The radiometric accuracy of HY-1B/COCTS and FY-3A/VIRR is lower than AATSR and MODIS, and the noise equivalent temperature difference (NEΔT) is worse than AATSR, MODIS and AVHRR too. Relatively, MODIS has the optimal infrared channels to retrieve SST by comparison of infrared spectral bands, bandwidth, NEΔT, radiometric accuracy and swath.

Table 14 shows comparison of microwave radiometers which are used to retrieve SST and sea surface wind speed (or sea surface vector winds). Compared FY-3A/MWRI with TMI, they have similar frequency and polarization. The latter has better NEΔT and spatial resolution, while the former has larger swath. Compared HY-2/RAD with AMSR-E, they have similar frequency (except 89GHz), polarization and NEΔT, while the latter has better spatial resolution. WindSat has similar frequencies to AMSR-E and HY-2/RAD for retrieval of SST, and the more important is that it could be used to retrieve sea surface vector winds due to full polarization.

Table 15 shows comparison of microwave altimeters. The frequency of HY-2A/ALT is similar to that of Topex/Poseidon, while HY-2A/ALT has the lower spatial resolution, longer repeat cycle and lower sea-level measurement accuracy.
Table 16 shows comparison of microwave scatterometer. The frequency, polarization, swath and wind speed accuracy of HY-2A/SCAT are similar to those of QuikSCAT, and HY-2A/SCAT has lower spatial resolution, longer repeat cycle and larger wind speed range.
Table 17 shows comparison of microwave SARs. HY-3A/SAR (X) and TerraSAR-X have similar operation modes and spatial resolution. The former has larger swath and incidence angle, while the latter has more polarization modes, shorter repeat cycle and the along track InSAR operation mode. HY-3A/SAR (C) and Envisat/ASAR have similar operation modes and spatial resolution. The former has larger swath and incidence angle. The latter’s alternating polarization mode is based on the image mode. HJ-1C/SAR only has two operation modes and two polarizations, and has similar spatial resolution, swath and incidence angle to TerraSAR-X.
	
	HY-1B/COCTS
	FY-3A/MERSI
	Envisat/MERIS
	EOS/MODIS
	OrbView-2/SeaWiFS

	Launch

Agency
	CNSA
SOA
	CNSA
CMA
	ESA
	NASA
	NASA

	Orbit
	polar, 798km, 98.8deg, 10:30±30min (D)
	polar, 836km, 98.75deg, 10:00-10:20 (D)
	polar, 800 km, 98.55deg, 10:00 (D)
	polar, 705 km, 98.2deg, 10:30 (D, Terra) or 13:30 (A, Aqua)
	polar, 705km, 98.2deg, 12:00 (D)

	Swath
	3100km
	3200km
	1150km
	2330 km
	2801km

	Quantization
	10 bits
	12 bits
	16 bits
	12 bits
	10 bits

	Spatial Resolution
	1100m
	250m (bands 1-5)

1000m (bands 6-20)
	300m/1200m
(all bands)
	250 m (bands 1-2), 500 m (bands 3-7), 
1000 m (bands 8-36)
	1100m

	Radiometric Accuracy
	10% (bands 1-8)


	7% (bands 1-4, 6-14)

10% (bands 15-20)


	< 4% 
	5% (bands 1-19, 26)

1% (bands 20-25, 27-36)
	< 5% 



	SNR,
NEΔρ,
NEΔT
	SNR

Band 1, 440; 2, 600; 
3, 590; 4, 560; 5, 525; 6, 390; 7, 400; 8, 415
	NEΔρ
Band 1, 0.45%; 
2-3, 0.4%; 4, 0.45%; 

6-7, 0.1%; 8-14, 0.05%
	SNR (typical)
1700
	SNR

Band 1, 128; 2, 201; 3, 243; 4, 228; 8, 880; 
9, 838; 10, 802; 11, 754; 12, 750; 13, 910; 
14, 1087; 15, 586; 16, 516
	SNR

Band 1, 499; 2, 674; 
3, 667; 4, 640; 5, 596; 
6, 442; 7, 455; 8, 467

	Bands
	1  412 nm, 20 nm 

2  443 nm, 20 nm

3  490 nm, 20 nm

4  520 nm, 20 nm

5  565 nm, 20 nm

6  670 nm, 20 nm

7  750 nm, 20 nm

8  865 nm, 40 nm

9  10350 nm, 100 nm

10  11950 nm, 1100 nm
	6   412 nm, 20 nm

7   443 nm, 20 nm

1   470 nm, 50 nm

8   490 nm, 20 nm

9   520 nm, 20 nm

2   550 nm, 50 nm

10  565 nm, 20 nm

11  650 nm, 20 nm

3   650 nm, 50 nm

12  685 nm, 20 nm

13  765 nm, 20 nm

14  865 nm, 20 nm

4   865 nm, 50 nm

15  905 nm, 20 nm

16  940 nm, 20 nm

17  980 nm, 20 nm

18  1030 nm, 20 nm

19  1640 nm, 50 nm

20  2130 nm, 50 nm

5  11250 nm, 2500 nm
	1   412 .5 nm, 10 nm

2   442.5 nm, 10 nm

3   490 nm, 10 nm

4   510 nm, 10 nm

5   560 nm, 10 nm

6   620 nm, 10 nm

7   665 nm, 10 nm

8   681.25 nm, 7.5 nm

9   708.75 nm, 10 nm

10  753.75 nm, 7.5 nm

11  760.625 nm, 3.75 nm

12  778.75 nm, 15 nm

13  865 nm, 20 nm

14  885 nm, 10 nm

15  900 nm, 10 nm
	8   412 nm, 15 nm

9   443 nm, 10 nm

3   469 nm, 20 nm

10  488 nm, 10 nm

11  531 nm, 10 nm

12  551 nm, 10 nm

4   555 nm, 20 nm

1   645 nm, 50 nm

13  667 nm, 10 nm

14  678 nm, 10 nm

15  748 nm, 10 nm

2   858 nm, 35 nm

16  870 nm, 10 nm

17  905 nm, 30 nm

18  936 nm, 10 nm

19  940 nm, 25 nm

5   1240 nm, 20 nm

26  1375 nm, 30 nm

6   1640 nm, 24 nm

7   2130 nm, 50 nm
	20  3750 nm, 180 nm

21  3959 nm, 60 nm

22  3959 nm, 60 nm

23  4050 nm, 60 nm

24  4466 nm, 65 nm

25  4515 nm, 67 nm

27  6715 nm, 360 nm

28  7325 nm, 300 nm

29  8550 nm, 300 nm

30  9730 nm, 300 nm

31  11030 nm, 500 nm

32  12020 nm, 500 nm

33  13335 nm, 300 nm

34  13635 nm, 300 nm

35  13935 nm, 300 nm

36  14235 nm, 300 nm
	1  412 nm, 20 nm

2  443 nm, 20 nm

3  490 nm, 20 nm

4  510 nm, 20 nm

5  555 nm, 20 nm

6  670 nm, 20 nm

7  765 nm, 40 nm

8  865 nm, 40 nm


Table 12: Comparison of ocean color sensors
	
	HY-1B/COCTS
	FY-3A/VIRR
	Envisat/AATSR
	EOS/MODIS
	NOAA-N/AVHRR

	Launch

Agency
	CNSA
SOA
	CNSA
CMA
	ESA
	NASA
	NOAA

	Orbit
	polar, 798km, 98.8deg, 10:30±30min (D)
	polar, 836km, 98.75deg, 10:00-10:20 (D)
	polar, 800 km, 98.55deg, 10:00 (D)
	polar, 705 km, 98.2deg, 10:30 (D, Terra) or 13:30 (A, Aqua)
	polar, 854km, 98.74deg,  13:37 (A)

	Swath
	3100km
	2900km
	500km
	2330 km
	2900km

	Quantization
	10 bits
	10 bits
	12 bits
	12 bits
	10 bits

	Spatial Resolution
	1.1km
	1.1km
	1km
	1km (bands 8-36)
	1.1 km

	Radiometric Accuracy
	1K@300K (bands 9-10)
	1K@270K (band 3-5)
	better than 0.5 K
(absolute, 50×50 km),

better than 0.1 K 

(relative, 1×1km)
	1% (bands 20-25, 27-36, absolute)
	Traceable to NIST

	SNR, 
NEΔρ, 
NEΔT
	NEΔT

Band 9-10, 0.2K@300K
	NEΔT

Band 3, 0.3K@300K; 4-5, 0.2K@300K
	NEΔT

Band 5, 0.08K@270K;
6-7, 0.05K@270K
	NEΔT

Band 20, 31-32, 0.05K@300K
22-23, 0.07K@300K
	NEΔT

Band 3B-5, 
0.12 K @ 300K

	Bands
	1   412 nm, 20 nm 

2   443 nm, 20 nm

3   490 nm, 20 nm

4   520 nm, 20 nm

5   565 nm, 20 nm

6   670 nm, 20 nm

7   750 nm, 20 nm

8   865 nm, 40 nm

9   10.3-11.4 µm

10  11.4-12.5 µm 

	7   455 nm, 50 nm

8   505 nm, 50 nm

9   555 nm, 50 nm

1   630 nm, 100 nm

2   865 nm, 50 nm

10  1.360 µm, 0.07 µm

6   1.600 µm, 0.09 µm

3   3.55-3.85 µm

4   10.3-11.3 µm

5   11.5-12.5 µm
	1  555 nm, 20 nm

2  659 nm, 20 nm

3  865 nm, 20 nm

4  1610 nm, 300 nm
5  3.55-3.85 µm
6  10.35-11.35 µm
7  11.50-12.50 µm
	8   412 nm, 15 nm

9   443 nm, 10 nm

3   469 nm, 20 nm

10  488 nm, 10 nm

11  531 nm, 10 nm

12  551 nm, 10 nm

4   555 nm, 20 nm

1   645 nm, 50 nm

13  667 nm, 10 nm

14  678 nm, 10 nm

15  748 nm, 10 nm

2   858 nm, 35 nm

16  870 nm, 10 nm

17  905 nm, 30 nm

18  936 nm, 10 nm

19  940 nm, 25 nm

5   1240 nm, 20 nm

26  1375 nm, 30 nm

6   1640 nm, 24 nm

7   2130 nm, 50 nm
	20  3.66-3.84 µm

21  3959 nm, 60 nm

22  3959 nm, 60 nm

23  4050 nm, 60 nm

24  4466 nm, 65 nm

25  4515 nm, 67 nm

27  6715 nm, 360 nm

28  7325 nm, 300 nm

29  8550 nm, 300 nm

30  9730 nm, 300 nm

31  10.78-11.28 µm

32  11.77-12.27 µm

33  13335 nm, 300 nm

34  13635 nm, 300 nm

35  13935 nm, 300 nm

36  14235 nm, 300 nm
	1   630 nm, 100nm
2   862 nm, 275 nm

3A  1.58-1.64 µm

3B  3.55-3.93 µm

4   10.3-11.3 µm

5   11.5-12.5 µm


Table 13: Comparison of Infrared sensors
	
	HY-2/RAD
	FY-3A/MWRI
	EOS-Aqua/AMSR-E
	TRMM/TMI
	Coriolis/WindSat

	Launch

Agency
	CNSA
SOA
	CNSA
CMA
	NASA

JAXA
	NASA

JAXA
	NRL

AFRL

	Orbit
	Polar, 963/965km, 99.3deg, 6:00 or 18:00 (D)
	Polar, 836km, 98.75deg, 10:00-10:20 (D)
	Polar, 705 km, 98.2deg, 13:30 (A)
	Polar, non-sun-synchronous,

402km, 35deg
	Polar, 840 km,98.7deg, 

17:59 (A)

	Swath
	1600km
	1400km
	1450km
	878km
	1000km

	Center Frequency , 

Bandwidth ,

Polarization
	Band 1-2,

6.6 GHz, 350MHz, VH;

3-4,  
10.7GHz, 250MHz, VH;

5-6,  

18.7GHz, 250MHz, VH;
7,    

23.8GHz, 400MHz, V; 

8-9,  

37GHz, 1000MHz, VH
	Band 1-2, 

10.65GHz, 180MHz, VH;

3-4,   

18.7GHz, 200MHz, VH;

5-6,   

23.8GHz, 400MHz, VH;

7-8,   

36.5GHz, 900MHz, VH;

9-10,  

89 GHz, 2×2300MHz, VH;


	Band 1-2, 

6.925 GHz, 350MHz, VH;

3-4,

10.65GHz, 100MHz, VH;

5-6,

18.7GHz, 200MHz, VH;
7-8,

23.8GHz, 400MHz, VH;

9-10,

36.5GHz, 1000MHz, VH

11-12,

89.0GHz, 3000MHz, VH
	Band 1-2,

10.65GHz, 100MHz, VH; 

3-4,

19.35GHz, 500MHz, VH; 

5,

21.3GHz, 200MHz, V;

6-7,

37.0GHz, 2000MHz, VH;

8-9, 
85.5GHz 3000MHz VH
	Band 1-2, 

6.8GHz, 125MHz, VH;

3-8, 

10.7GHz, 300MHz, V H ±45 L R;

9-14,

18.7GHz, 750MHz, V H ±45 L R;

15-16,

23.8GHz, 500MHz, V H;

17-22,

37.0GHz, 2000MHz, V H ±45 L R;


	NEΔT
	1-7 0.5K
8-9 0.8K
	1-2 0.6K; 3-8 1K; 9-10 2K
	1-2 0.34K; 3-6 0.7K; 7-8 0.6K; 9-10 0.7K; 11-12 1.2K
	1 0.63K; 2 0.54K; 3 0.50K; 4 0.47K; 5 0.71K; 6 0.36K; 7 0.31K; 8 0.52K; 9 0.93K
	1-2 0.63K; 3-14 0.44K; 15-16 0.60K; 17-22 0.42K

	IFOV
	1-2  100km;

3-4  62km;

5-6  36km;
7   30km; 

8-9  18km
	1-2  51 x 85 km;

3-4  30 x 50 km;

5-6  27 x 45 km;

7-8  18 x 30 km;

9-10  9 x 15 km
	1-2  43 x 75 km
3-4  29 x 51 km
5-6  16 x 27 km
7-8  18 x 32 km
9-10  8.2 x 14.4 km
11   3.7 x 6.5 km
12   3.5 x 5.9 km
	1-2  37 x 63 km
3-4  18 x 30 km
5    18 x 23 km
6-7  9 x 16 km
8-9  5 x 7 km
	1-2    40 x 60 km;

3-8    25 x 38 km;

9-14   16 x 27 km;

15-16  12 x 20 km;

17-22  8 x 13 km

	Pixel
	
	
	1-10  9 x 10 km
11   4.5 x 4 km
12   4.5 x 6 km
	1-7  9.1 x 13.9 km
8-9  4.6 x 13.9 km
	1-2    40 x 50 km;

3-8    20 x 25 km;

9-14   10 x 25 km;

15-16  10 x 12.5 km;

17-22  5 x 12.5 km

	Incidence Angle
	40 deg
	53 deg
	1-11  55 deg;

12   54.5 deg
	53 deg
	1-2    53.5 deg;

3-8    49.9 deg;

9-14   55.3 deg;

15-22  53.0 deg;


Table 14: Comparison of microwave radiometers
Table 15: Comparison of microwave altimeters
	
	HY-2A/ALT
	Envisat/ALT
	Topex/Poseidon
	Jason-1
	CryoSat

	Launch 
Agency
	CNSA 

SOA
	ESA
	NASA

CNES
	NASA 

CNES
	ESA

	Orbit
	Polar,

963km, 99.3 deg
	Polar,

800 km, 98.55 deg
	Polar,non-sun-synchronous,

1336km, 66deg
	Polar,non-sun-synchronous,

1336 km, 66 deg
	Polar,non-sun-synchronous,

717 km, 92 deg

	Repeat Cycle (days)
	14/168
	35
	10
	10
	369 (30 day sub-cycle)

	Emitted Frequency (GHz)
	Ku, 13.58

C, 5.25
	Ku, 13.575

S, 3.2
	Ku, 13.6

C, 5.3
	Ku, 13.575

C, 5.3
	Ku, 13.575

(LRM, SAR, SARIn)

	Bandwidth
(MHz)
	320, 80, 20 (Ku)

320, 160 (C)
	320, 80, 20 (Ku）

160 (S)
	320 (Ku)

320, 100 (C)
	320 (Ku, C)
	350 (Ku)

	Spatial resolution (km)
	16
	8
	6
	6
	0.25

	Altimeter Accuracy (cm)
	5-8
	4.5
	4.2
	3.3
	1.6-2.7


	
	HY-2A/SCAT
	ERS-2/SCAT
	QuikSCAT
	MetOp-A/ASCAT
	GCOM W2 W3/SeaWinds

	Launch

Agency
	CNSA

SOA
	ESA
	NASA
	ESA
	JAXA

NASA

	Orbit
	Polar, 963/965 km

99.3deg, 18:00 (D)
	Polar, 785 km

98.5deg, 10:30 (D)
	Polar, 803 km

98.6 deg, 6:00 (D)
	Polar, 817 km

98.7 deg, 09:30 (D)
	Polar, 699.6 km

98.19 deg, 13:30 (D)

	Repeat 

Cycle
	14/168 days
	35 days
	4 days
	29 days
	

	Frequency
	Ku
	C
	Ku
	C
	Ku

	Polarization
	HH   VV
	VV
	HH   VV
	VV
	HH   VV

	Spatial 
Resolution
	50 km
	25 km, 50 km
	25 km
	50 km
	12.5 km, 25 km, 50 km

	Swath
	>1350 km（HH） 

>1700 km（VV）
	500 km
	1400 km（HH）

1800 km（VV）
	550 km*2
	1400 km（HH）

1800 km（VV）

	Incidence
Angle
	38 deg & 44 deg
	18deg～59deg
	46deg & 54deg
	45～65deg
	46deg & 54deg

	Wind Speed 
Range
	2～24 m/s
	4～24 m/s
	3～30 m/s
	4～24  m/s
	3～30 m/s

	Wind Speed 
Accuracy
	2 m/s, 10%
	2 m/s
	2 m/s
	2 m/s, 10%
	2 m/s

	Wind Direction  Accuracy
	20 deg
	20 deg
	20 deg
	20 deg
	20 deg


Table 16: Comparison of microwave scatterometers
	
	HJ-1C/SAR
	HY-3A.B/SAR
	TerraSAR-X/SAR
	Envisat/ASAR
	Radarsat-2/SAR

	Launch

Agency
	CNSA

MCA/MEA
	CNSA

SOA
	DLR
	ESA
	CSA

	Orbit

 
	Polar，500km

97.37deg

6:00AM (D)
	Polar，799.9 Km

98.48 

6:00AM (D)
	Polar，514.8km

97.44 deg 
18:00PM (D)
	Polar，800 km

98.55 deg

10:00AM (D)
	Polar，789 km

98.6 deg

6:00AM (D)

	Repeat Cycle
	31days
	29days
	11days
	35days
	24days

	NESZ
	
	<-20dB
	-16～-23dB
	-19～-35dB
	-22～-30dB

	Rad. accur.
	3dB
	<1.5dB
	1～3.1dB
	1.5～3.5dB
	<1dB

	Frequency
	S-band
	X-band
	C-band
	X-band
	C-band
	C-band

	Operation mode，
Resolution

(m)，
Swath
(km)，
Polarization， Incidence Angle
(deg)
	Stripmap,

5，40， 

VV or HH,

31～44 

ScanSAR,

20，100，

VV or HH,

31～44
	Precise mode,

1，20～40,
HH VV，

15～60

Strip mode，

5，60～80，

HH VV，

15～60

ScanSAR，

10，120～150，

HH VV，

15～60
	Wave mode, 

10, 5, 

HH+VV or

HH+HV or VV+VH,

15~60

Image mode，

25，150， 

HH+VV or

HH+HV or VV+VH,

15～60

Wide swath mode，

100，650， 

HH+VV or

HH+HV or VV+VH,

15～60

Global monitoring,

1000，650， 

HH+VV or 

HH+HV or VV+VH,

15～60
	Spotlight，

1～2，10， 

HH+VV or HH+HV

or VV+VH,

20～55

Stripmap，

3～6，30，

HH+VV or HH+HV 

or VV+VH，

20～45

ScanSAR，

16，100, 

HH+VV or HH+HV 

or VV+VH,

20～45

Dual Receive Antenna Mode,

300 MHz Mode
	 Wave mode，

30，5，

  HH or VV，

15～45

 Image mode，

30，56～100，

HH or VV，

15～45

 Alternating Polarization mode，

30，100，

VV+HH or HV+HH 

or VH+VV，

15～45

 Wide Swath mode，

150，400， 

HH or VV，

15～37

 Globe Monitoring mode，

1000，400，

HH or VV，

15～37
	 Ultra-Fine，

3(Range)*3(Azimuth)，20，

HH or HV or VV or VH，30～49

 Multi-Look Fine，

8(Range)*8(Azimuth)，50，

HH or HV or VV or VH，30～50

 Fine，

8(Range)*8(Azimuth)，50，

HH or HV or VV or VH or HH+HV or VV+VH，30～50

 Fine Quad-Pol，

12(Range)*8(Azimuth)25,HH+HV+VV+VH，20～41

 Standard Quad-Pol, 

25(Range)*8(Azimuth)25,HH+HV+VV+VH，20～41

 Extended High，

18(Range)*26(Azimuth)，75，

HH or HV or VV or VH，49～60

 Standard，

25(Range)*26(Azimuth)，100，

HH or HV or VV or VH or HH+HV or VV+VH，20～49

 Wide，

30(Range)*26(Azimuth)，150， 

HH or HV or VV or VH or HH+HV or VV+VH ，20～45

 ScanSAR Narrow，

50(Range)*50(Azimuth)，300， 

HH or HV or VV or VH or HH+HV or VV+VH ，20～46

 ScanSAR Wide，

100(Range)*100(Azimuth)，500， 

HH or HV or VV or VH or HH+HV or VV+VH ，20～49


 Table 17: Comparison of microwave SARs
As mentioned above, there are in 2008 at least 21 Chinese sensors for ocean monitoring in orbit. These Chinese satellite sensors and other international satellite sensors are listed as follows. It shows that the number of microwave sensors and active sensors are less than optical sensors.
	Chinese satellite sensors
	Retrieval parameters
	Similar sensors

	FY-1D / MVISR-2
	Ocean Color, SST
	AVHRR, CZCS

	FY-2C / VISSR-2
	SST
	GOES / IMAGER

	FY-2D / VISSR-2
	SST
	GOES / IMAGER

	FY-3A / VIRR
	Ocean Color, SST
	AVHRR, CZCS

	FY-3A / MERSI
	Ocean Color
	MODIS

	FY-3A / MWRI
	SST, Wind speed
	TMI

	HY-1B / COCTS
	Ocean Color, SST
	OTCS, SeaWiFS

	CRS-1 / SAR (L)
	Ocean
	

	CRS-3 / SAR (L)
	Ocean
	

	HJ-1A / HSI 
	Ocean Color
	Hyperion, HICO

	HJ-1B / CCD 
	Coastal Zone
	Landsat 7 / ETM+

	CBERS-2 / CCD
	Coastal Zone
	Landsat 7 / ETM+, SPOT 5

	CBERS-2B / CCD, HR
	Coastal Zone
	Landsat 7 / ETM+, SPOT 5

QuickBird

	ZY-2A / PAN-MS, HR
	Coastal Zone
	QuickBird, IKONOS

	ZY-2B / PAN-MS, HR
	Coastal Zone
	QuickBird, IKONOS

	ZY-2A / PAN-MS, HR
	Coastal Zone
	QuickBird, IKONOS

	DMC-BJ 1 / PAN-MS
	Coastal Zone
	Landsat 7 / ETM+


4．Three cases of utilizing satellite data in China
· Data assimilation into ENSO ensemble prediction system (EPS)
The ENSO EPS of Institute of Atmospheric Physics routinely use the satellite altimeter and SST products for initialization (Zhang et al, 2006, 2007, 2008). The SST data used in EPS is the improved monthly extended reconstructed SST (ERSST.v3) by Smith et al. (2008), with 2° horizontal resolution. The global SST data can be automatically downloaded on the third day of each month via the anonymous ftp site (ftp://eclipse.ncdc.noaa.gov/pub/ersst/netcdf/), and the data domain is configured to the tropical Pacific Ocean. The observed SL anomaly data used in the EPS is from the gridded AVIOS Ssalto/Duacs multi-mission altimeter products with 1° horizontal resolution. The daily data is available on the anonymous ftp site: ftp://ftp.cls.fr/pub/oceano/AVISO/SSH/duacs/global/nrt/msla/merged/h/ in two-month delayed time and can be automatically downloaded. The SL data also need to be interpolated to the model grid and monthly time scale.
· Research on GODAE/GHRSST
The research on high-resolution SST merging in northwest Pacific Ocean using satellite SST data from AVHRR and AMSR-E etc. has been carried out at Ocean Remote Sensing Institute (ORSI) of Ocean University of China (OUC) (Guan et al. 2008, 2006, 2005, 2004). The objective analysis, wavelet transform and feature tracking technique are used to merge data, and the fine oceanic structures such as fronts and eddies are better preserved by the latter method. The input data are AVHRR and AMSR-E SST products. The AVHRR SST products are acquired through the satellite ground station in Ocean University of China (http://www.station.ouc.edu.cn), and the SST products are processed in near real-time. The AMSR-E SST products are produced by the American Remote Sensing Systems company (http://www.remss.com/). The development of an operational system used to process and distribute Chinese regional high resolution SST products in the China Seas is funded by a national 863 ocean project in China.
· Monitoring the floating algae by MODIS data in Qingdao Olympic sailing area  in 2008 
Extensive patches of floating algae (Enteromorpha prolifera) appeared in coastal waters off Qingdao in early June on the eve of 2008 Qingdao Olympic sailing competitions. In order to ensure the training of the sailors from more than 30 countries in Qingdao coastal area, the Qingdao government set up an emergency management office and called on citizens to clear up the floating algae. The ORSI of OUC played an important role in monitoring the floating algae utilizing satellite data. The distribution, coverage extent, evolution and origin of the floating algae in coastal area near Qingdao are observed and analyzed using MODIS RGB and NDVI time-series data (Hu and He et al., 2008). National Satellite Ocean Application Service (NSOAS) and North China Sea Branch (NCSB) of State Oceanic Administration (SOA), Institute of Remote Sensing Applications (IRSA) and Remote-Sensing Satellite Ground Station (RSGS) of Chinese Academy of Sciences (CAS) also used MODIS RGB data to monitor floating algae in coastal area near Qingdao.
In above three application cases, some international satellite data products are utilized. However, how to utilize Chinese satellites data for ocean applications is an important issue and further investigations need to be done.
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Acronyms and Abbreviations:
	ADEOS
	Advanced Earth Observing Satellite

	AFRL
	Air Force Research Laboratory

	ALDIN
	Atmospheric Laser Doppler INstrument

	AMSR-E
	Advanced Microwave Scanning Radiometer - EOS

	APS
	Aerosol Polarimeter Sensor

	ASAR
	Advanced Synthetic Aperture Radar

	AVHRR
	Advanced Very High Resolution Radiometer

	CAS
	Chinese Academy of Sciences

	CBERS
	China-Brazil Earth Resources Satellite

	CEOS
	Committee on Earth Observation Satellites

	CMA
	China Meteorological Administration

	CNES
	Centre National d’Etudes Spatiales

	CNSA
	China National Space Administration

	COCTS
	Chinese Ocean Color and Temperature Scanner

	COMS
	Communication, Ocean, Meteorological Satellite

	CSA
	Canadian Space Agency

	CZCS
	Coastal Zone Color Scanner

	CZI
	Coastal Zone Imager

	DLR
	German Aerospace Centre

	DMC
	Disaster Monitoring Constellation

	ENSO
	El Niño - Southern Oscillation

	EOS
	Earth Observing System

	EPS
	Ensemble Prediction System

	ERM
	Earth Radiation Measurement

	ESA
	European Space Agency

	EUMETSAT
	European Organization for the Exploitation of Meteorological Satellites

	EVA
	Extra-Vehicular Activity

	GHRSST
	GODAE High Resolution Sea Surface Temperature

	GNSS
	Global Navigation Satellite System

	GOCI
	Geostationary Ocean Color Imager

	GODAE
	Global Ocean Data Assimilation Experiment

	GRAS
	GNSS Receiver for Atmospheric Sounding

	GSFC
	Goddard Space Flight Center

	HICO
	Hyperspectral Imager for the Coastal Ocean

	HR
	High Resolution camera

	HSI
	Hyper Spectral Imager

	I I S
	Interferometric Infrared Sounder

	IOCCG
	International Ocean Colour Coordinating Group

	IRAS
	Infrared Atmospheric Sounder

	IRMSS
	Infrared Multi-Spectral Scanner

	IRSA
	Institute of Remote Sensing Applications

	ISS
	International Space Station

	JAXA
	Japan Aerospace Exploration Agency

	JCOMM
	Joint WMO-IOC Technical Commission for Oceanography and Marine Meteorology

	JEM
	Japanese Experiment Module

	JPL
	Jet Propulsion Laboratory

	LM
	Lightning Mapper

	MCA
	Ministry of Civil Affairs

	MCSI
	Multiple Channel Scanning Imager

	MEP
	Ministry of Environmental Protection

	MERIS
	MEdium Resolution Imaging Spectrometer

	MERSI
	MEdium Resolution Spectral Imager

	MLR
	Ministry of Land and Resources

	MODIS
	Moderate Resolution Imaging Spectroradiometer

	MOST
	Ministry of Science and Technology

	MVISR
	Multichannel Visible Infrared Scanning Radiometer

	MWHS
	MicroWave Humidity Sounder

	MWRI
	MicroWave Radiation Imager

	MWTS
	MicroWave Temperature Sounder

	NASA
	National Aeronautics and Space Administration

	NCSB
	North China Sea Branch

	NDVI
	Normalized Difference Vegetation Index

	NIST
	National Institute of Standards and Technology

	NOAA
	National Oceanic and Atmospheric Administration

	NPOESS
	National Polar-orbiting Operational Environmental Satellite System

	NRL
	Naval Research Laboratory

	NSOAS
	National Satellite Ocean Application Service

	OCI
	Ocean Color Imager

	OCTS
	Ocean Color and Temperature Scanner

	ORSI
	Ocean Remote Sensing Institute

	OUC
	Ocean University of China

	PAN-MUX
	Panchromatic and Multi-spectral camera

	SBUS
	Solar Backscatter Ultraviolet Sounders

	SST
	Sea Surface Temperature

	SeaWiFS
	Sea-viewing Wide Field-of-view Sensor

	SEM
	Space Environment Monitors

	SIM
	Solar Irradiation Monitor

	SOA
	State Oceanic Administration

	TOU
	Total Ozone Unit

	TOVS
	TIROS Operational Vertical Sounder

	TMI
	TRMM Microwave Imager

	TRMM
	Tropical Rainfall Measuring Mission

	VIRR
	Visible and InfraRed Radiometer

	VISSR
	Visible and Infrared Spin Scan Radiometer

	WFI
	Wide Field Imager

	WMO
	World Meteorological Organization
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