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Abstract
A summary of 19 sensors used for ocean observation is presented in the paper basing on the DRAGONESS WP2 first annual report. Ten sensors can be used for quantitative retrieval of ocean environmental parameters. The other nine sensors can be applied to coastal zone observation. The technological specifications and data products of FY-3A / MERSI, FY-3A / MWRI, HY-1B / COCTS, HJ-1A / HIS and several infra-red sensors are introduced respectively. Actually, only the services of ocean satellite data products of sea surface temperature (SST) and ocean color parameters are available in present. There are merely L1 data product provided for hyper-spectral sensors and microwave sensors.
Operational algorithms for ocean color parameters and SST are introduced respectively. In fact, they are only preliminary results. It is necessary to research and improve further, and it is also required wide and sufficient validation. The performance and SST products of FY and HY satellites are evaluated. Retrieval algorithms for ocean color measurements in China seas are also accessed.  
Operational application of satellite ocean color parameters and SST on ocean ecology disaster, monitoring of coastal water quality, numerical prediction of the marine environment are introduced respectively. It is can be concluded that “Monitoring service system for floating green algae in Qingdao coastal water and related environmental parameters”,  which is an operational service system of satellite data for non-research users, is pushed by DRAGONESS concept.
Ocean data products and operational retrieval algorithms of in-orbit sensors for European spaceborne ocean observing system are presented repetitively. Operational application of ocean data products of in-orbit sensor developed by Europe is also introduced here, including water quality monitoring services provided by Nansen center, near-real time algae bloom and water quality for the North Sea and the Skagerak sea and global ocean surface wind field maps.
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1
Ocean Data Products of In-orbit Sensors of Chinese Spaceborne Ocean Observing System
1.1
In-orbit Sensors of Chinese Spaceborne Ocean Observing System
Seven series of Chinese satellites (and spacecrafts) supported by China National Space Administration (CNSA), China Meteorological Administration (CMA), State Oceanic Administration (SOA), Ministry of Land and Resources (MLR), Ministry of Civil Affairs and Ministry of Environmental Protection (MCA & MEP), Ministry of Science and Technology (MOST) were introduced in detail respectively in the first annual report of DRAGONESS WP2. The onboard sensors can be used for effective observation of marine ecosystem, ocean dynamic environment, marine atmospheric boundary layer and costal zone. Therefore, they constitute the Chinese spaceborne ocean observing system. It can be concluded that the technical performance of Chinese satellites and sensors are roughly similar to the satellites and sensors launched in this century by NASA, ESA etc. from the first annual report of DRAGONESS WP2.
At present, at least 19 on-bit sensors can be applied for ocean observation (Form 1). FY-3A / MERSI, HY-1B / COCTS and HJ-1A / HIS are used for ocean color, which are similar to MODIS, SeaWIFS, Hyperion and HICO;  FY-1D / MVISR、FY-2D / VISSR-2、FY-2E / VISSR-2、FY-3A / VIRR、HY-1B / COCTS and FY-3A / MWRI are used for sea surface temperature (SST), which are similar to AVHRR and GOES / IMAGER; FY-3A/ MWRI are used for sea surface wind (SSW), which is similar to TRMM/TMI. CRS-1 / SAR and CRS-3 / SAR are used for ocean dynamic and sea surface targets and shallow water depth etc., they only have HH polarization mode which is different from ALOS / PalSAR. The other nine sensors can be applied for costal zone observation, which are similar to Landsat7, Spot5, QuickBird and IKONOS. 13 in-orbit satellites equipped with 19 sensors listed in Form 1are given in Form 2. 
Form 1
Chinese in-orbit sensors for ocean
	Satellite
	Sensor
	Launch 
date
	Characteristics
	Similar sensor
	Application
	Note

	FY-1D
	MVISR-2
	2002.5
	10 channels, VIS-NIR
	AVHRR

CZCS
	SST, ocean color, meteorology
	

	FY-2D
	VISSR-2
	2006.12
	5 channels, VIS-NIR
	GOES / Imager
	SST, meteorology
	

	FY-2E
	VISSR-2
	2008.12
	5 channels, VIS-NIR
	GOES / Imager
	SST, meteorology
	substitute for FY-2C 

	FY-3A
	VIRR
	2008.5
	10 channels, VIS-NIR
	AVHRR
CZCS
	SST, ocean color, meteorology
	

	FY-3A
	MERSI
	2008.5
	20 channels, VIS-NIR
	MODIS
	ocean color, meteorology
	

	FY-3A
	MWRI
	2008.5
	5 channels, 
H,V polarization
	TMI
	SST, SSW,

meteorology
coastal zone
	

	HY-1B
	COCTS
	2007.4
	10 channels, VIS-NIR
	OCTS
SEAWIFS
	ocean color, SST
	

	HY-1B
	CZI
	2007.4
	4 channels, CCD,20nm,250m
	
	coastal zone
	

	CRS-1
	SAR
	2006.4
	L-band, 

5m, 

HH
	
	ocean dynamics, 

sea surface features, coastal zone
	

	CRS-3
	SAR
	2007.11
	L-band, 

<5m, 

HH
	
	ocean dynamics, 

sea surface features, coastal zone
	

	HJ-1A
	HSI
	2008.9
	0.49-0.95μm, 4nm, 100m
	HICO

Hyperion
	ocean color,

vegetation,

red tides, oil spill
	

	HJ-1A
	CCD
	2008.9
	4 channels, 30m
	Landsat7
	coastal zone, SST
	

	HJ-1B
	CCD
	2008.9
	4 channels, 30m
	Landsat7
	coastal zone, SST
	

	CBERS-2
	CCD
	2003.10
	5 channels, 20m
	Landsat7

Spot5
	coastal zone
	

	CBERS-2B
	CCD
	2007.9
	5 channels, 20m
	Landsat7

Spot5
	coastal zone
	

	CBERS-2B
	HR
	2007.9
	high resolution camera, 2m
	QuickBird
	coastal zone
	

	ZY-2C
	HR
	2004.11
	high resolution camera, 2m
	IKONOS
	coastal zone
	

	ZY-2C
	PAN-MS
	2004.11
	4 channels, 5m
	IKONOS
	coastal zone
	

	DMC-BJ1
	PAN-MS
	2005.10
	3 channels, 4m
	Landsat7
	coastal zone
	


Form 2
Chinese in-orbit satellite system
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Followed introduction will lay emphasis on the data products of FY-3A / MERSI, HY-1B / COCTS, HJ-1A / HIS and FY-3A / MWRI. The data products of 5 sensors for SST will be presented in the second part. In contrast, satellite SST is the earliest product provide to users among all the data products of China spaceborne ocean observing system. There is no public data product of CRS-1 / SAR and CRS-3 / SAR.
1.2
Ocean Data products of FY-3A / MERSI 
Schematic diagram of FY-3A spacecraft and onboard 11 sensors is shown in Figure 1. The specifications and major orbital characteristics of FY-3A are given in Form 3. FY-3A / MERSI channel characteristics are specified in Form 4. The 6th-14th channels with narrow band width and high S/N are applied for quantitative retrieval of ocean color remote sensing including chlorophyll concentration, suspend-solids concentration, CDOM, ocean optics parameters and aerosol optical thick over ocean. The 1st-3rd channels with a spatial resolution of 250 meters enable imaging of the ocean color image in natural color. The other channels are designed for quantitative remote sensing of cloud, vapor and land surface characteristics. The data products of FY-3A / MERSI are listed in Form 5. The data products marked with star can be browsed, ordered and downloaded from the service website for remote sensing data of FY satellites (http://fy3.satellite.cma.gov.cn/PortalSite/default.aspx).
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Figure 1
Schematic diagram of FY-3A spacecraft
Form 3
FY-3A satellite specifications and major orbital characteristics
	Orbit Characteristics
	Orbit: Sun-synchronous orbit

	
	Altitude (km): 836

	
	Inclination (degree): 98.75°

	
	Quasi repeat time (day) : 5.5

	
	Orbital maintenances：10 minutes within two years

	
	Window: Local time at descending node: 10:00～10:20 or 

Local time at ascending node: 13:40～14:00

	Attitude control
	Three-axis stabilization

	Satellite energy
	solar array 

	On-timer of satellite
	time recording mode: year-day and day-ms 

	
	Unit: 1 ms 

	
	time accuracy (overall accuracy of satellite and the ground)< 20 ms

	Data record 
	record 20 minutes data for MERSI 

	
	record global data for other sensors 

	Data transfer
	L-band real-time transmission channel (AHRPT)

	
	format standard: AOS standard recommended by CCSDS

	
	Raw data rate: ~4.2Mbps (after RS coding)

	Carrier frequency: L band (1698-1710MHz)
	EIRP(Effective Isotropic Radiated Power): 41dBm(EL=5°)

	
	Worldwide real-time transmission, programmable.

	
	X-band real-time transmission channel (MPT)

	
	format standard: AOS standard

	
	raw data rate: ~18.7Mbps (after RS coding)

	Carrier frequency: X band (7750-7850MHz)
	EIRP: 46dBm(EL=5°)

	
	Programmed encrypted transmission

	
	X-band delay transmission channel (DPT)

	
	Format standard: AOS standard

	
	raw data rate : ~ 93Mbps(after RS coding)

	Carrier frequency: X band (8025-8400MHz)
	EIRP(Effective Isotropic Radiated Power): 46dBm(EL=7°)

	
	domestic terminal network delay playback

	Attitude stability and method
	spin stabilization，spin axis perpendicular to orbit plane error<0.5°

	
	spin rate：98±1 rpm

	
	attitude maintiance accuray ≤ ± 0.5°

	
	attitude determination accuracy ≤ ± 0.07°


Form 4
FY-3A / MERSI Channel Characteristics
	Channel
No.
	Central wavelength (μm)
	Band width
 (μm)
	Sub-point Resolution (m)
	NEΔT ρ(%) T(300K)
	Dynamic Range (ρ)(K)

	1
	0.470
	0.05
	250
	0.29
	100%

	2
	0.550
	0.05
	250
	0.20
	100%

	3
	0.650
	0.05
	250
	0.20
	100%

	4
	0.865
	0.05
	250
	0.23
	100%

	5
	11.25
	2.5
	250
	0.20
	330k

	6
	0.412
	0.02
	1000
	0.045
	80%

	7
	0.443
	0.02
	1000
	0.042
	80%

	8
	0.490
	0.02
	1000
	0.045
	80%

	9
	0.520
	0.02
	1000
	0.043
	80%

	10
	0.565
	0.02
	1000
	0.046
	80%

	11
	0.650
	0.02
	1000
	0.042
	80%

	12
	0.685
	0.02
	1000
	0.037
	80%

	13
	0.765
	0.02
	1000
	0.036
	80%

	14
	0.865
	0.02
	1000
	0.037
	80%

	15
	0.905
	0.02
	1000
	0.037
	90%

	16
	0.940
	0.02
	1000
	0.034
	90%

	17
	0.980
	0.02
	1000
	0.039
	90%

	18
	1.030
	0.02
	1000
	0.047
	90%

	19
	1.640
	0.05
	1000
	0.073
	90%

	20
	2.130
	0.05
	1000
	0.068
	90%


Form 5
Data Products of MERSI

	Instrument
	Category
	Product name / Product type
	Res.
	Level

	 Medium Resolution Spectral Imager (MERSI)
	Level 1
	*FY-3A MERSI L1data（250 m）/ L1
	250 m
	L1

	
	
	*FY-3A MERSI L1data（1 km）/ L1
	1000 m
	L1

	
	
	*FY-3A MERSI L1data（OBC）/ L1
	NONE
	L1

	
	Geo-location
Data set
	MERSI Geographic Lat/Lon projection 

data set 250 m
	250 m
	L2

	
	
	MERSI Geographic Lat/Lon projection 

data set 1 km
	1000 m
	L2

	
	Atmosphere,
Precipitable Water
	MERSI daily product for 

precipitable water over land in China
	1000 m
	L2

	
	
	MERSI daily product for 

precipitable water over land
	5000 m
	L2

	
	
	MERSI monthly product for 

precipitable water over land
	10 km
	L3

	
	
	MERSI seasonal product for 

precipitable water over land
	10 km
	L3

	
	
	*MERSI swath product for 

precipitable water over land / PWV
	1000 m
	L2

	
	Cloud Detection
	*MERSI cloud detection product /CLM
	1000 m
	L2

	
	Land Surface Reflectivity
	*MERSI Land Surface Reflectivity 250 m / LSR
	250 m
	L2

	
	
	*MERSI Land Surface Reflectivity 1km /LSR
	1000 m
	L2

	
	Aerosol over Ocean
	*MERSI daily product for aerosol over ocean / ASO
	1000 m
	L2

	
	
	MERSI monthly product for aerosol over ocean 
	1000 m
	L3

	
	
	MERSI seasonal product for aerosol over ocean
	1000 m
	L3

	
	Aerosol over Land
	*MERSI daily product for aerosol over land /ASL
	1000 m
	L2

	
	
	MERSI monthly product for aerosol over land
	1000 m
	L3

	
	
	MERSI seasonal product for aerosol over land
	1000 m
	L3

	
	Ocean Color
	*MERSI daily product for ocean color /OCC
	1000 m
	L2

	
	
	MERSI monthly product for ocean color
	1000 m
	L3

	
	
	MERSI seasonal product for ocean color
	1000 m
	L3

	
	Normalized Differential
Vegetation Index
	MERSI monthly product for vegetation index 250 m
	250 m
	L3

	
	
	MERSI monthly product for vegetation index 1 km
	1000 m
	L3

	
	
	MERSI seasonal product for vegetation index 250 m
	250 m
	L3

	
	
	MERSI seasonal product for vegetation index 1km
	1000 m
	L3


Note: data products marked with star can be downloaded from the service web for remote sensing data of FY satellites
A global image mosaic from MERSI with natural color is shown in Figure 2. The NURI Typhoon image from MERSI on Aug. 22nd , 2008 is presented in Figure 3. A global chlorophyll concentration image from MERSI on Jul. 3rd, 2009 is demonstrated in Figure 4. Images of 
[image: image3.wmf]w

ρ

(490), 
[image: image4.wmf]w

ρ

(520), CHL1, TSM and YS443 from MERSI in the Mexican Gulf (27/09/2008 16:10 GMT) are displayed in Figure 5. The Interface of the software for displaying FY3 data is shown in Figure 6.
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Figure 2
A global image mosaic from MERSI with natural color and resolution of 3km
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Figure 3
NURI Typhoon monitoring (22/8/2008) using MERSI.
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Figure 4
A global chlorophyll-a concentration (Case 1 algorithm) image from MERSI data (7/3/2009)
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Figure 5
ρw(490), ρw(520), CHL1,TSM and YS443 images from MERSI ocean color products (27/09/2008 16:10 GMT)

[image: image105.png]ae: DRAGON in support of harmonizing European and Chinese
‘marine monitoring for Environment and Security System

Actony DRAGONESS
Dae of repastion: 12y 2005

Cal et Fps.2005 Space-t
Sriny Gemasic are: Asronauics nd Space
Sub-aes: Spacemd GMES

Type of smmenc: Specific Support Action




[image: image106.png]



http://fy3.satellite.cma.gov.cn/PortalSite/default.aspx
Figure 6
 Interface of the software for displaying FY3 data
1.3
Ocean Data products of FY-3A / MWRI
FY-3A / MWRI specifications are listed in Form 6.The five frequencies are similar to the five frequencies of TRMM / TMI, and each frequency has H and V two polarization modes. It can be used to quantitative retrieval of SST, SSW and parameters related with rainfall, cloud, snow, ice, and Land surface temperature and land surface moisture. The data products of FY-3A / MWRI are described in Form 7, SST and SSW products are not given. The data products, marked with star in Form 7, can be browsed, ordered and downloaded from the service website for remote sensing data of FY satellites (http://fy3.satellite.cma.gov.cn/PortalSite/Ord/Satellite.aspx). A global land surface temperature image from MWRI is shown in Figure 7.

Form 6
FY-3A / MWRI specification

	Frequency（GHz）
	10.65
	18.7
	23.8
	36.5
	89

	Polarization
	V / H
	V / H
	V / H
	V / H
	V / H

	Band width（MHz）
	180
	200
	400
	900
	4600

	Beam width
	2.03/2.01
	1.17/1.18
	1.17/1.18
	0.62/0.62
	0.29/0.29

	Sensitivity （K）
	0.5
	0.5
	0.8
	0.5
	1.0

	Calibration error（K）
	1.0
	2.0
	2.0
	2.0
	2.0

	Spatial resolution <=(km
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	Scanning mode
	conical scanning

	Antenna look angle (degree)
	45
[image: image15.wmf]±

0.1

	Swath（Km）
	1400


Form 7
 FY-3A / MWRI data products

	Products
	Resolution
	Level

	*FY-3A  MWRI L1 data
	75km
	L1

	MWRI daily product for land surface temperature and humidity 
	25km
	L2

	MWRI seasonal product for land surface temperature and humidity
	25km
	L3

	MWRI orbit product for precipitation and cloud liquid water 
	25km
	L2

	MWRI monthly product for precipitation and cloud liquid water
	500km
	L3

	MWRI orbit product for precipitable water over ocean 
	25km
	L2

	MWRI monthly product for precipitable water over ocean
	25km
	L3

	MWRI daily product for Sea- Ice cover
	12km
	L2

	MWRI channel resolution matching product
	12km
	L2


Note: data products marked with star can be downloaded from the service web for remote sensing data of FY satellites
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Figure 7
A global land surface temperature image from MWRI data
1.4
Ocean Data products of HY-1B / COCTS 
HY-1B satellite is shown in Figure 8.HY-1B satellite specifications and major orbital characteristics are listed in Form 8. HY-1B / COCTS specification are given in Form 9. The B1-B8 channels are close to the eight channels of SeaWiFS, which are designed for ocean color remote sensing; B9-B10 channels are mid-infrared bands, which are designed for SST application. The calibration accurate of HY-1B / COCTS is 10%, while the calibration accurate of SeaWiFS is less than 5%. The data products of HY-1B / COCTS are presented in Form 10. The website of NSOAS of SOA provides data browser of L1B, chlorophyll concentration and SST (http://www.nsoas.gov.cn). But, the browser of other products and ordering of all products have not been operational yet, they all still under the manual work. 
[image: image17.emf]
Figure 8: HY-1B Satellite
Form 8
HY-1B satellite specifications and major orbital characteristics

	Orbit type
	Near-Circular and near sun-synchronous

	Altitude
	798km

	Period
	100.83

	Local time at at descending node
	10:30±30min

	Repeat observation period
	1 day for COTS,  7 days for CZI

	attitude control
	3 axis stabilized

	Downlink frequency
	X-band

	Downlink bit rate
	6.654Mpbs

	Weight
	442.5kg

	Designed Life time
	3 years


Form 9
HY-1B / COCTS specification
	Spectral range
（μm）
	B1:0.402～0.422  B2:0.433～0.453 

B3:0.480～0.500  B4:0.510～0.530 

B5:0.555～0.575  B6:0.660～0.680 

B7:0.740～0.760  B8:0.845～0.885 

B9:10.30～11.40  B10:11.40～12.50

	central wavelength shift
	≤2nm(B1～B8)

	Sub-point spatial resolution 
	≤1100m

	Pixels/ Line
	1664

	Digitization
	10bit

	Radiometer
	Visible bands :10%

Infra-red bands :±1K（on-board calibration accuracy , 300K）


Form 10
 ocean data products of HY-1B / COCTS

	Level
	Products

	Level 0
	Raw data cocts.L0

	Level 1
	L1A data with cloud detection and geo-location

	
	* L1B calibrated geo-located radiances

	Level 2
	Six normalized water-leaving Radiances（412 nm, 443 nm, 490 nm, 510 nm, 555 nm and 670 nm bands）

Three aerosol radiance（670 nm, 750 nm and 865 nm bands）

* chlorophyll a pigment concentration
CZCS pigment concentration
* SST
The ratio of aerosol radiance at 7th and 8th bands

aerosol optical thick（865 nm）

suspended matter concentration
ocean water diffuse attenuation coefficient

	Level 3
	Weekly and monthly products for 16 products of level 2 data


Note: data products marked with star can be queried from the website of NASOS/SOA
HY-1B / COCTS RGB image in the China seas is shown in Figure 9. COCTS / CHL and COCTS / SST images are shown in Figure 10 and Figure 10 respectively. 
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Figure 9
HY-1B / COCTS RGB image
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Figure 10
HY-1B / COCTS CHL image

Figure 11
HY-1B / COCTS SST image
1.5
Ocean Data Products of HJ-1A / HSI 
The specifications and major orbital characteristics of HJ-1 constellation (2+1 constellation) are listed in Form 11, which consist of two small optical satellites and one small SAR S band satellite. HJ-1A / HSI specifications are given Form 12, spatially modulated imaging interferometry is applied to HSI. The spectral range is from 0.45 μm to 0.95 μm, which is more narrow than the spectral range of EO-1/Hyperion (0.4μm -1.0μm) and ISS-JEM / HICO (0.38μm -1.0μm). The channel number, band width, spatial resolution and swath width are close to HICO. The data products of HJ-1 small satellites constellation are divided into basic products (L0, L1, L2, L3, L4, L5), thematic products (land surface, biology, land utilization, ecological classification, landscape ecology, atmospheric environment, hydro-environment) and application products (Ecology, atmosphere and hydrology). A detail introduction of HJ-1 small satellite constellation was published by satellite application service of MEP (ftp://219.142.87.39/). Ocean color products of HJ-1A / HSI are given in Form 13. Only L2 data with calibrated geo-located radiances can be browsed on the website. The procedure of data order and download require manual work. The other ocean color products are only planned, not operational yet. 
Form 11
 HJ-1 constellation specifications and major orbital characteristics

	Satellite
Parameter
	Optical small satellite
（HJ-1A、HJ-1B）
	SAR small satellite
（HJ-1C）

	Orbit type
	Near circular and near Sun-synchronous
	Near circular and near Sun-synchronous

	Altitude
	650 km
	499 km

	Inclination
	97.95°
	97.37°

	Repeat cycle
	31 days
	31 days

	Local time at descending node
	10:30AM
	6:00AM

	attitude maintain accuracy
	nadir drift ≤±10Km
	nadir drift ≤ ±20Km

	A, B star phase distribution
	180°( though the ascending node time with A Star front)
	


Form 12
 HJ-1A / HSI specification 

	Parameter
	Performance

	Swath（km）
	≥ 50


	Spectral range（μm）
	0.458-0.956 μm

	Average spectral resolution（nm）
	4.57nm

	Spatial resolutions（m）
	100

	Lateral visual field angle
	±30º

	Channel number
	110～128，115

	Digitization（bit）
	12

	S/N
	50~100

	Dynamic range
	134 W/(m2Srμm)

	MTF
	≥0.2

	Radiometer
	<5％, <10％


Form 13
 Ocean color products of HJ-1A / HSI
	Product
	Monitoring area
	Data type
	Spatial resolution

	Chlorophyll a Concentration
	Inshore water, estuary, lake
	4 days, monthly, seasonal, annual
	30m/100m

	Suspended matter Concentration
	Inshore water, estuary, lake
	4 days, monthly, seasonal, annual
	30m/100m

	Transparence
	Inshore water, estuary, lake
	4 days, monthly, seasonal, annual
	30m/100m

	Euphotic depth
	Inshore water
	4 days, monthly, seasonal, annual
	30m/100m

	Absorption coefficient of CDOM
	Inshore water
	4 days, monthly, seasonal, annual
	100m/1000m

	Ocean primary Productivity
	Inshore water
	4 days, monthly, seasonal, annual
	30m/100m

	Nutrition index
	Inshore water, estuary, lake
	4 days, monthly, seasonal, annual
	30m/100m/500m

	Eutrophication
	Inshore water, lake
	monthly
	30m/100m

	Water quality access of inshore water
	Inshore water
	seasonal, annual
	30m/100m/500m

	Water quality access of estuary
	estuary
	seasonal, annual
	30m/100m/500m

	Identification of algae and sea grass
	Inshore water, estuary, lake
	4 days, monthly, seasonal, annual
	30m/100m


The coverage of Beijing / Keshi / Sanya stations for HJ-1 small satellite is shown in Figure 12. Data cube and spectra acquired from HJ-1A / HIS Hyper-spectral are presented in Figure 13. The image of HJ-1 for ecosystem monitoring in the Liaodong Bay is given in Figure 14.
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Figure 12
Coverage of Beijing / Keshi / Sanya stations
[image: image22.emf]
Figure 13
Image and spectra acquired from HJ-1A / HIS
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Figure 14
Hyper-spectral image of HJ-1 for ecosystem monitoring in the Liaodong Bay 

1.6
Summary
Nine optical sensors of 19 in-orbit sensors are with high spatial resolution, wide spectral range, which can be used for coastal zone observation. But quantitative and accurate ocean environmental parameters can not be given. Five sensors can be used to derive SST quantitatively, and two of them are FY meteorological satellite. SST products will be introduced in the second part. A summary of data products of six sensors are given in Form 14. It can be concluded that (1) the service of proving products of ocean color parameters and SST is available; (2) only L1 data of microwave sensor and hyperspectral sensor can be achieved.
Form 14
 Summary of Data Products of six sensors for Ocean Observing System

	Satellite / Sensor
	Planned 
data products for ocean
	Operational data products 
for ocean
	Data browser
	Data order
	Similar

Sensor

	
	
	
	website
	manual
	website
	manual
	

	FY-3A / MERSI
	ocean color
	L1

chlorophyll concentration
aerosol optical thick
	√
	
	√
	
	MODIS

	FY-3A / MWRI
	SSW
SST
	L1
	√
	
	√
	
	TMI

	HY-1B / COCTS
	ocean color

SST
	L1

chlorophyll concentration
SST
aerosol optical thick
water leaving radiance
diffuse attenuation coefficient
suspended matter concentration
	The first three*
	other
	
	√
	OCTS，SeaWIFS

	HJ-1A / HIS
	ocean color
	L1
	√*
	
	√*
	
	HICO，Hyperion

	CRS-1 / SAR（L）
	ocean dynamics
sea surface target
	L1
	
	
	
	√
	

	CRS-3 / SAR（L）
	ocean dynamics

sea surface target
	L1
	
	
	
	√
	


Note: * presents the products only for the China sea
2.
Operational Retrieval Algorithms for Ocean Data Products of In-orbit Sensors on Chinese satellites
Only operational retrieval algorithm for ocean color parameters will be introduced here. But up to now, no technical documents and algorithm theoretical basis documents of FY-3A / MERSI and HY-1B / COCTS have been published. They are being prepared and will be published shortly.

2.1
Bio-Optical Retrieval Algorithms
An introduction of bio-optical retrieval algorithms of HY-1 / COCTS collected from published papers is given here. Using the regional retrieval algorithm for SeaWiFS developed by Tassan in 1994 and in-situ data from 81 stations measured in the Yellow Sea and the East Sea in Apr. 2003, statistical inversion models for HY-1 / COCTS were developed by Tang et al. The algorithms are given as followed. 
Chl statistical inversion model for Case II water in the Yellow Sea and the East Sea:
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Where, a= -1.0, c0= -0.37457, c1= -3.7278, c2= -3.0679.
TSM statistical inversion model for Case II water in the Yellow Sea and the East Sea:
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Where, s0=0.638188, s1=23.93439, s2=-0.53107.
Where, with TSM< 300mg/L, s0=0.58213, s1=23.84071, s2=-0.48532.
CDOM statistical inversion model for Case II water in the Yellow Sea and the East Sea:
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Where, d=0.23 which is a regional coefficient, y0=-0.93942, y1=5.01, y2=62.62175, y3=231.1851, y4=269.3769.

The station locations of the ocean survey conducted by NSOAS in the Yellow Sea and the East Sea in Arp 2003 is shown in Figure 14. Parameters of apparent optical properties (AOP), inherent optical properties (IOP), atmospheric optical parameters, concentration of water color elements ( Chl, TSM, absorption coefficient of CDOM) were collected and measured during the survey. The selection of all the instruments and the use of measurement methods are in accordance with the ocean optics protocols for satellite ocean color sensor validation. The validation results of statistical inversion models for Chl, TSM and CDOM are shown in Figure 16, Figure 17, Figure 18 respectively. Notably, there is a lack of seasonal and spatial-temporal coverage for the statistical data set used for the bio-optical inversion models; it is can be seen that the results of MRE look good in Figure 16-Figure 18. It is necessary to validate the model with an independent data set further.
According to the technical document of FY-3A / MERSI which is being prepared, MODIS OC3M algorithm is applied to Case I water, and the statistical inversion models for the Yellow Sea and the East Sea developed for HY-1B / COCTS are applied to Case II water. 
[image: image29.emf]
Figure 15
 Station locations of the ocean survey conducted in the Yellow Sea and the East Sea in Arp. 2003.
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Figure 16
chlorophyll concentration comparison between and in-situ data and statistical inversion model results
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Figure 17
suspended matter concentration comparison between and in-situ data and statistical inversion model results
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Figure 18
CDOM comparison between and in-situ data and statistical inversion model results.
2.2
Atmospheric Correction Algorithm
An introduction of atmospheric correction algorithms of HY-1 / COCTS collected from published papers is given here. Using the atmospheric correction algorithm developed by Gordon and Wang, a standard atmospheric correction algorithm and a turbid water atmospheric correction algorithm for COCTS were developed by Bai and He. The effects of single molecule Rayleigh scattering and aerosol multiple scattering were considered in the standard algorithm. It is assumed that 
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 in turbid water. In order to solve the polarization effects of COCTS which cased by multiple scan technology, Zhao and Lin developed an atmospheric correction with the polarization effects based on the atmospheric correction algorithm of Gordon and Wang. The water leaving radiance comparison between HY-1/COCTS and Aqua/MODIS is shown in Figure 19.
According to the technical document of FY-3A / MERSI which is being prepared, based on the atmospheric correction algorithm of Gordon and Wang, the contribution from molecule Rayleigh scattering, aerosol multiple scattering, gas absorption, white cap and glint are considered in the atmospheric correction algorithm for FY-3A / MERSI
Notably, there is a lack of 
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 data product of FY-3A / MERSI. Although, there is 
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 data product of HY-1B / COCTS, browser service is still not available So, it brings a lot of disadvantages to validation of atmospheric correction.

[image: image37.emf]
Figure 19
The water leaving radiance comparison between HY-1/COCTS and Aqua/MODIS

2.3
In-orbit Radiometric Calibration 
An introduction of in-orbit radiometric calibration 
[image: image38.wmf]t
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of HY-1 / COCTS collected from published papers is given here. Both Pan and Jiang have done some work on cross-calibration of radiation between COCTS and SeaWiFS, and have given cross-calibration factors with time-varying. The results of cross calibration of radiance between COCTS and SeaWiFS are shown in Figure 21. NSOAS has selected the clean water in the South Sea to calibrate the in-orbit radiance
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of COCTS. But no paper has been published yet.
According to the technical document of FY-3A / MERSI which is being prepared, both radiometric calibration site and cross calibration with MODIS are used for in-orbit radiometric calibration 
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of FY-3A / MERSI. No paper has been published yet.
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Figure 20: Parts of Locations for cross –calibration between COCTS and SeaWIFS
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Figure 21
Cross calibration between COCTS and SeaWiFS

2.4
Summary
1. Only retrieval algorithms for SST and parameters of ocean color data are available among the ocean data products of the in-orbit Chinese space-borne system, they are just primary results, not strictly in the sense of operational retrieval algorithm.
2. Retrieval algorithm of ocean color parameters
Atmospheric correction
Atmospheric correction algorithm of Gordon and Wang None aerosol models for the China seas is added
Bio-optical algorithm
Ocean

HY-1B / COCTS
OC4（SeaWIFS）










FY-3A / MERSI
OC3M（MODIS）
Coastal area
Both HY-1B / COCTS and FY-3A / MERSI make use of the statistical inversion models for Case II water in the Yellow Sea and in the East Sea.
The access of error of ocean color data products can not be given due to lack of enough validation experiments.

3. Calibration of in-orbit radiance
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HY-1B / COCTS
Cross-calibration of radiation between COCTS and SeaWiFS

Radiometric calibration in the South Sea ( ? )
HY-3A / MERSI
Cross-calibration of radiation between MERSI and MODIS

Radiometric calibration site ( ? )
Have the cross-calibration radiometric factors been used for the process of operational data products?
3
Ocean Data Products of In-orbit Sensors of European Spaceborne Ocean Observing Systems

3.1
In-orbit Sensors of European Spaceborne Ocean Observing Systems

The European spaceborne ocean observing system consists of ESA satellites and national satellites. National satellites are the German TerraSAR-X satellite (launched on 15 June 2007) and the Italian COSMO-SkyMed satellites (launched on 8 June 2007, 9 December 2007, and 5. October 2008; the last one is scheduled to be launched in 2009). TerraSAR-X and COSMO-SkyMed carry high-resolution X-band SARs. Since TerraSAR-X is partially a commercial satellite and COSMO-SkyMed is used primarily for military surveillance, the availability of data from these satellites for scientists who are not Principle Investigators is at present not well defined. Therefore we shall not address in this report the availability of data from these satellites.

The following ESA satellites which deliver ocean remote sensing data are presently in orbit: ERS 2 (launched 1991), ERS 2 (launched 1992), Envisat (launched 202), METOP (launched 26 October 2006), and GOCE (launched 17 March 2009). The sensors onboard the satellites which are used for ocean observations are the following:

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

4. On GOCE: A gradiometer for measuring the Earth gravity field by which the knowledge of the steady-state ocean circulation can be greatly improved. 

The parameters of these sensors Ocean Data products on ERS, Envisat, and METOP have been given in the First DRAGONESS Progress Report. GOCE is the First ESA Earth Explorer Core Mission. It will be followed in this year by two more Earth Explorer Core Missions: the Soil Moisture and Ocean Salinity (SMOS) mission in November 2009 and the ice and snow mission Cryosat in December 2009.
3.2
Operational Retrieval Algorithms for Ocean Data Products of In-orbit Sensors on ESA satellites

The data products available from ERS and Envisat are well documented on the ESA website http://earth.esrin.esa.int. How to access these data is described in http://earth.esa.int/dataproducts/accessingeodata/howtoaccess.html. 
3.2.1 Ocean Data products of the ERS and Envisat altimeters

The Radar Altimeter (RA) Ocean Product (ERS.ALT.OPR) is distributed on Exabyte.ERS-1 archived data are available from 30 July 1991 to 02 June 1996. ERS-2 archived data are available since 29 April 1996 except dataset limited to ground station visibility (since 22 June 2003); GS, MS, KS, PS: available since mission started (both wind and wave) URAs available from West Freugh since January 27th, 2006, Matera since March 3rd, 2004, Miami since November 12th, 2004, Mc Murdo since July 5th, 2005, Beijing since June 25th, 2005 and Hobart since December 2nd, 2005. This product is also extended through Envisat RA-2 data.
3.2.2 Wind scatterometer products of the ERS satellites

The ERS Wind SCATTEROMETER (WS) Nominal Resolution Ocean Wind field and Sea Ice probability product (ERS.ASPS20.N). The ASPS Level 2 Nominal Resolution products contain, for each node: the radar backscattering sigma nought for the three beams of the instrument, the four aliased wind solutions (Rank 1-4 wind vector) and the de-aliased wind vector flag, the sea-the sea-ice probability and sea-ice flag.The ASPS Level 2 Nominal Resolution products contain, for each node: the radar backscattering sigma nought for the three beams of the instrument, the four aliased wind solutions (Rank 1-4 wind vector) and the de-aliased wind vector flag, the sea-ice probability and sea-ice flag, the YAW quality flag. The wind retrieval is performed with the CMOD5N geophysical model function derived by ECMWF to compute the neutral winds rather than 10m winds. ASPS L2.0 Nominal resolution products are provided with a spatial resolution of 50x50 km and a grid spacing of 25 km. One product covers one orbit from ascending node crossing. For other ERS WS products, the reader is referred to http://earth.esa.int/object/index.cfm?fobjectid=1451&i_id=52.
3.2.3 The Microwave Radiometer products of the ERS satellites

There are two products available, MWR Micro Brightness Temperature Product (ERS.MWS.MBT) and MWR Vapor Liquid Product (ERS.MWS.VLC). The first one is fully available from ERS-1 from 30 July 1991 to 22 March 1995. The product is no longer produced operationally but archived data are available in Exabyte. The second one is available from ERS-1 and ERS-2 and is distributed on Exabyte.
3.2.4 The Envisat ASAR products 
There are 19 Envisat ASAR products available from ESA/ESRIN.They range from ASAR Image Mode PRI images (ADSA_IMP_1P) to Wave Mode Wave spectra (ASA_WVW_2P). Here we only mention how to obtain Wide Swath Medium Resolution images (ASA_WSM_1P) images and how the ASAR Wave Mode Level 1b cross spectrum (ASA_WVS_1P) looks like: 
A) ASA_WSM_1P:

On request planning, systematic production; Available from 30 October 2002 via DVD or FTP pick-up. Also available on the Rolling Archive (RA) and the Envisat Web File Server (EWFS) with a 15 day retention time; Free of charge; These global coverage ASAR Medium Resolution products, systematically generated following data acquisition, are free of charge and accessible by all Category-1 users on Internet.
B) ASA_WVS_1P

A typical example of the output of ASAR Wave cross spectra level 1 product for a range travelling wave. The posive peak in the imaginary part of the cross spectrum indicates the wave propagation direction.
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	Figure 22:SAR wave Mode level 1b product


3.2.5 The Envisat MERIS products 

There Geolocated and calibrated TOA Radiance (geometry and auxiliary data appended) are 19 Envisat ASAR products available from ESA/ESRIN MERIS Level 1b data products.

There is a MERIS Level1b product from ESA/ESRIN available.It consist of calibrated top of the atmosphere radiances, geolocated and resampled on a regular grid. From this products a three-band colour product is derived where three of the MERIS bands are chosen for the best visualization of the land, sea, ice and cloud features.
The browse product is generated as an orbital segment from the MERIS RR product. The browse enables the user to choose the position of the floating scene of interest. The floating scene has an area of 1150 km × 1150 km for the reduced resolution product, and of 575 km × 575 km or 296 km × 296 km for the full resolution product. Futhermore there is Level 2 product available for ocean application. It contains geolocated ocean, atmosphere, land, geophysical parameters and normalized water leaving radiance (reflectance). For more information, see http://envisat.esa.int/instruments/meris/data-app/dataprod.html#prod-struct. An example of a MERIS image showing suspended matter is shown in Figure 23.
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Figure 23: MERIS image showing river discharge in the Yangtze mouth area (China) in March 2003

3.2.6 The ERS ATSR and the Envisat AATSR products 

As far as we know ESA/ESRIN provides no data from the Advanced Along-Track Scanning Radiometer (AATSR) and its predecessors the Along-Track Scanning Radiometer ATSR-1 on ERS-1 and ATSR-2 on ERS-2. They are designed primarily to measure Sea Surface Temperature (SST).

Envisat/AATSR and its predecessors ERS-1/ATSR-1 and ERS-2/ATSR-2 are about to complete 15 years of Sea Surface Temperature measurements with the accuracy required for climate research. In anticipation and as a demonstration, global SST Level 3 products from AATSR from September 2002 to April 2004 have been generated which clearly show a climate signature in the SST.
3.3
Operational Retrieval Algorithms for Ocean Data Products of ASCAT on EUMETSAT satellite METOP

The Dutch Meteorological Institute KNMI is responsible for the wind products in the context of the EUMETSAT Advanced Retransmission Service (EARS). It has started its service on EUMETCast –Europe on 16 December 2008 

The new service comprises two products, ASCAT L2 winds on a swath grid with 25 km spacing and ASCAT L2 winds on a swath grid with 12.5 km spacing. Both products have completed validation. The 12.5 km product is considered to have a pre-operational status, while the 25-km product is fully operational. 

Access to products

This wind product is available in BUFR and NetCDF format. The BUFR data are disseminated through the EUMETCast system; for access please contact EUMETSAT. The products are also available on a password protected FTP server. Contact the KNMI OSI SAF team for access. The BUFR products are available on the Global Telecommunication System (GTS), as well. The messages are distributed to the Exeter node and can be identified by: header (T1T2A1A2ii) = ISXX[01-06]; CCCC = EHDB.
4
Operational Application of Ocean Data Products of In-orbit Sensors on Chinese satellites
Ten of nineteen in-orbit sensors can be used for quantitative retrieval of SST, ocean color parameters, SSW, ocean wave spectrum, internal wave parameters, shallow water depth, and other ocean environment parameters, and also can be applied for sea surface targets, oil spill, ocean ecosystem disaster (eg red tides, floating green algae) etc. While, as described before, only the service for satellite products of SST and ocean color parameters are available in present. Some operational application of ocean color products are introduced here. 
4.1
Monitoring of Floating Green Algae
On the eve of the 2008 Summer Olympic Regatta, Qingdao, Qingdao coastal water was struck by an outbreak of floating green algae. The photo and spectra characteristics of floating green algae in Qingdao and Subei coastal water are given in Figure 24. Time series of MODIS data is used to observe and analyze the range of floating green algae, spatial-temporal variation, origin and development, which is illustrated in Figure 25 (C.M.Hu and M.X.HE, EOS Transactions AGU, V.89, N23.Aug2008). Envisat / ASAR and CRS-1 / SAR(L) data is also used to observe Qingdao floating green algae in 2008 (Figure 26).Color composite image (RGB) and Normalized Difference Vegetation Index (NDVI) are used as an effective tool to qualitative monitoring of the range of floating green algae, the spatial-temporal variation, origin and development. But, it is difficult to overcome the problem of quantitative estimation of the coverage area of floating green algae. With cooperation between OUC and USF, based on the spectral characteristics of floating green algae, a new method, Floating Algae Index (FAI), which can detect floating green algae quickly from satellite data, was developed. Accurate detection of the coverage range, area, and spatial-temporal variation of floating green algae can be achieved by using FAI method. It can overcome the problems of effects on floating green algae detection caused by seawater and thin cloud. FAI method is explained in Figure 27.The interface of “Monitoring service system for floating green algae in Qingdao sea area and related environmental parameters” is shown in Figure 28. The system was submitted to Qingdao Municipal Science and Commission in May, 2009 for test of operational running. The monitoring data for floating green algae include color composite images (RGB), NDVI images for floating green algae, FAI images and thematic map of coverage range and area. In addition, synchronized monitoring data for related ocean environmental parameters include SSW, chlorophyll concentration, SST, PAR and sea surface flow field. Simultaneous observation of floating green algae in Weihai costal water on Jul. 2nd, 2009 with AQUA / MODIS and FY-3A / MERSI is shown in Figure 29. RGB and FAI images are given, the time difference is 20 minutes. The coverage range and area of floating green algae in the Yellow Sea using FAI method is shown in Figure 30. 
Monitoring of origin, spatial-temporal variation, coverage range and area of the floating green algae in Qingdao coastal water and the Yellow Sea in 2009 summer using FAI method is shown in Figure 31. Besides, it is also equipped with simultaneous SSW data. The simultaneous monitoring of multi-sensors indicates that SSW is the most important factor for the development of the floating green algae. In the summer of 2009, two short-time SSW eddies appeared in the Yellow Sea. Local west wind was just over the coverage area of the floating green algae, as result of that, the floating green algae move eastwards two times, so it did not appear in Qingdao, Satellite monitoring images and movement prediction map of floating green algae in the Yellow Sea in 2009 was published by North China Sea Branch (Qingdao), SOA (Figure 32).
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Floating green algae in Qingdao coastal water Floating green algae in Subei coastal water
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Spectra of floating green algae in Qingdao coastal water
Spectra of floating green algae in Subei coastal water
Figure 24
photo and spectra of floating green algae in Qingdao and Subei coastal water
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Figure 25
algae observation in the sea area outside Qingdao with time series images of MODIS
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Figure 26
Floating green algae distribution in the sea area outside Qingdao in 2008 with multi-sensors satellite data
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Figure 27
Floating Algae Index（FAI）method
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Figure 28
The interface of “Monitoring service system for floating green algae in Qingdao coastal water and related environmental parameters”
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Figure 29
Simultaneous observation of floating green algae in Weihai sea area on Jul. 2nd, 2009 with AQUA / MODIS and FY-3A / MERSI.
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Figure 30
The coverage range (light green) and area (dark green) of floating green algae in the Yellow Sea on Jun.14th, 2009.
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Figure 31
Monitoring of the floating green algae in the Yellow Sea in 2009 summer using FAI method
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Figure 32
Satellite monitoring images and movement prediction map of floating green algae in the Yellow Sea in 2009
4.2
Operational System for Water Quality Monitoring in Zhejiang Coastal Water
Operational system for water quality monitoring in Zhejiang coastal water with multi-sensor data was developed by SIO, SOA. The sketch map of data receiving ground station and data processing system is shown in Figure 33. User interface of data distribution is given in Figure 34. Results of water quality monitoring is shown in Figure 35
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Figure 33
sketch map of data receiving ground station and data processing system.
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Figure 34
User interface of data distribution
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Figure 35
Results of water quality monitoring

4.3
Summary

1. In present, Chinese ocean color data products, for example HY-1B / COCTS and FY-3A / MERSI play a ‘supporting role’ of MODIS data products in operational monitoring of ocean ecology environment and ocean ecology disaster. Reasons are given below. Firstly, it is easy to download to MODIS data, SeaDAS software is also available for software. There is a limit to the quantity of download data for FY-3A / MERSI. The software provides quiet simple functions with image display and processing. Applying data of HY-1B / COCTS is relay on manual work with form filling. The software tool is not available. Secondly, as described earlier, strictly speaking, no operational algorithms for FY-3A / MERSI and HY-1B / COCTS have been developed yet, especially for the China seas. No result of assessment of errors for ocean color data products has been recognized yet. 
2. HY-1B / COCTS, FY-3A / MERSI and HJ-1A / HIS have been in orbit for about two years with 4 months, one year with 3 months and one year respectively. The tasks of top priority are: firstly, synchronize validation experiments; secondly, ocean color database for China seas; thirdly, the operational retrieval algorithms for China seas.
3. No operational system for ocean ecology environment has been set in China yet in present. So it is necessary to develop international cooperation for operational ocean prediction system assimilated with ocean color parameters. 

5.
Operational Applications of Ocean Data Products of In-orbit Sensors developed in Europe

5.1
Water Quality Monitoring Services provided by the Nansen Centers

Since 1998 the Nansen Environmental and Remote Sensing Center (NERSC) in Bergen, Norway has developed, implemented and operated services utilizing satellite EO data for monitoring of harmful algae blooms (HAB) and water quality (WQ) conditions in aquatic areas. Information needs from the growing Norwegian aquaculture industry and management are the prime use of the service. 

The service has been developed from use of the NASA SeaWiFS in 1998 and from 2006 to use the ESA MERIS EO sensor, incorporating also data from other satellite EO sensors and forecasts from numerical ocean models. 

The EO based service concept is based on both standard products and of in-house processing algorithms tuned to regional water conditions, providing information about the surface distribution of Chlorophyll-a, Total suspended matter, Yellow substance, Light attenuation Kd490, Sea surface temperature and some other products. 
All data products are generated as daily images, binned 7 days and monthly composites - the two latter in order to reduce the impact of the cloud cover limitation. 
The current services are operated by NERSC and Nansen International Environmental 

 HYPERLINK "http://www.niersc.spb.ru/" \t "_parent" 
and Remote Sensing Centre (NIERSC) in St. Petersburg, Russia under the ESA GSE MarCoast, ESA DUE Diversity, INTAS-ESA DEMOSS projects and the Norwegian SatOcean projects: The North Sea (MERIS, MODIS_SST), Northern Europe (MERIS), Central American Waters (MERIS, MODIS_SST, AATSR), The Barents Sea (MERIS, MODIS_SST), Svalbard (MODIS_RGB, MODIS_SST), Fram Strait (MODIS_RGB), The Caspian Sea (MERIS) and British Channel (MERIS FINE RESOLUTION) 
5.2 Near-real time algae bloom and water quality for the North Sea and the Skagerak region

Within the ESA GMES MarCoast Consortium (MarCoast = MARine and COASTal 

 HYPERLINK "http://213.236.12.71:8010/marcoast/htdocs/sections/service/pcatalogue.html" \t "_parent" 
environmental information services) and the Norwegian SatOcean programme a service has been set up to monitor in near time algael bloom and water quality for the North Sea and the Skagerak region using MERIS data. The system is designed for automatic download, processing and visualization of MERIS ocean color data. The MERIS images in N1 format are provided by ESA on a daily basis in a rolling archive. The developed system automatically downloads swaths of images containing the North Sea region. These images are further geometrically corrected by the Brokmann-Consult software BEAM/Mapproj. Geometrically corrected images are then processed by a bio-optical semi-analytical algorithm developed at NIERSC. The algorithm retrieves concentrations of chlorophyll, colored dissolved organic matte, and r total suspended matter (see, http://hab.nersc.no ). 

It utilizes the hydro-optical model developed at NERSC for the North Sea on the basis of in situ bio-chemical and optical measurements. The results of processing are merged so that daily, weekly and monthly averaged data are available. The fields of retrieved concentrations are visualized along with standard MERIS products and some additional products as JPG files. An product example is shown in Figure 36.
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Figure 36: Chlorophyll concentration and sea surface temperature in the North Sea between 17 and 24 September 2009
5.3
Global ocean surface wind field maps

Within the Mersea (Marine Environment and Security for the European Area) of the European Union CERSAT/IFREMER has developed a product which provides high quality ocean surface wind vectors on a global scale with high spatial and temporal resolution, see 
http://cersat.ifremer.fr/data/discovery/by_product_type/gridded_products/mwf_blended.

Ocean surface wind observations are retrieved at present from the QuikSCAT scatterometer and from SSM/I radiometers available at near real time at Météo-France. Later also ASCAT data from METEOSAT will be incorporated. Using synchronous satellite data, the number of remotely sensed data available for each analysis epoch (00:00h; 06:00h; 12:00h; 18:00h) is not uniformly distributed as a function of space and time. On the average two-satellite wind observations are available for each analysis time period. The analysis is performed by optimum interpolation (OI) based on the kriging. A product example is shown in Figure 37.
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Figure 37: Sea surface wind speed on 25 May 2009 at 006 UTC

ftp://ftp.ifremer.fr/ifremer/cersat/products/gridded/mwf-blended/images/6-hourly/2009/05/05/BlendedEcmwf25km6h_2009050506_wspeed.png
6.
Evaluation of the FY and HY sensor performance and SST products

The need for an operational high-resolution SST product has been identified by several groups, including the Global Ocean Data Assimilation Experiment (GODAE) and those concerned with numerical weather prediction.  This product would have a spatial resolution close to or better than 10 km, a temporal resolution of 24 hours or less, and it should include proper account of skin temperature effects.  It would be based on data from several different remote sensing instruments, appropriately calibrated against direct measurements (Prospectus for a GODAE SST Project, 2000; http://www.bom.gov.au/bmrc/ocean/GODAE/HiResSST/index.html). It is expected that the new generation SST products will be created bymerging SSTs from various satellites and in situ measurements. Satellite Sea Surface Temperature (SST) Satellite SST has been available from a number of operational and experimental satellites for about thirty years. The Advanced Very High Resolution Radiometers (AVHRR) on board the National Oceanic and Atmospheric Administration (NOAA) polar-orbiting operational environmental satellites have provided operational SST observations over three decades, with an accuracy for the global coverage about 0.6-0.7K (Strong and McClain, 1984; McClain, 1989). Since the launch in 1994 of the new generation Geostationary Operational Environmental Satellite-8 (GOES-8), which has high-resolution split-window channels, the accuracy of Geostationary platform SST measurements has been improved with rms error of 0.7 K (Wu et al., 1999).  NOAA's National Environmental Satellite, Data, and Information Service (NESDIS) has generated SST products from Geostationary Operational Environmental Satellite (GOES)-East (E) and GOES-West (W) on an operational basis since December 2000 (Maturi Et. al., 2008). Although the operational infrared SSTs have many advantages, their availabilities are severely limited by the presence of clouds. Accurate satellite SST products under clouds are derived using the data from the microwave imager (TMI).onboard Tropical Rainfall Measuring Mission (TRMM), which was launched in 1997. The TMI-derived SST has an rms error of about 0.6-0.7 K (Wentz et al., 2000; Shibata et al., 1999). High-accuracy SST products from Terra/Aqua Moderate Resolution Imaging Spectroradiometer (MODIS) and ENVISAT Advanced Along-Track Scanning Radiometer (AATSR) are also delivered routinely. The accuracy of AATSR SST products is better than 0.5 K (Corlett et. al. , 2004). 

In China, the Fengyun (FY) and Haiyang (HY) series satellites have been designed with capability of SST measurements from space. Both the Visible and Infrared Spin Scan Radiometer (VISSR-2) onboard FY-2C, 2D, 2E and the Chinese Ocean Color and Temperature Scanner (COCTS) onboard HY-1A, 1B have infrared split window channels. The comparison of the specification of the sensors was show in the 1st periodic report (He et. al., 2008). No operational FY-2 SST products have been delivered. The COCTS SST products have been delivered by the National Satellite Ocean Application Service (NSOAS) of State Oceanic Administration (SOA). The accuracy of HY-1A was analysed by Wang et. al. (Wang et. al., 2006). The rms error between HY-1A SST and GTS data was 1.26 K and the error between HY-1A and AVHRR was 0.94 K. 

Evaluation of performance of FY-2 infrared split window channels and HY-1B SST products are carried out in this study. The former part is described in the following section. And the intercomparisons of HY-1B COCTS SST with MODIS and AVHRR SST are shown in the 3rd section. Finally a summary of the results and future investigation is given.

6.1
Evaluation of FY-2 VISSR performance for SST observations

The VISSR has five channels with split window channels at 10.3~11.3µm (IR1) and 11.5~12.5µm (IR2). The Noise Equivalent Delta Temperature (NEΔT) of the sensor is 0.4 ~ 0.2 K with the temperature range of 180 ~ 330K. The brightness temperature (BT) of the two split channel is analyzed. Figure 38 is the BT images at different time on 6 May 2009. The Baihai Sea, Yellow Sea and most region of East China Sea are cloud-free. Figure 1 shows that the IR 12 BT values are obviously higher than IR11 which indicates calibration problem of the IR channels. The transparency of water vapour at IR11 is higher than IR12. However, the transparency of water vapour at IR1. 
IR2 is higher than IR2 which means the BT of IR1 should be higher than that of IR2. The VISSR split window measurements are compared with simultaneous BT data from the Imager onboard the Multi-functional Transport Satellite (MTSAT-1R).  NOAA generates geostationary SST products toward near-global coverage which includes SST products from MTSAT (M). The two-month comparison of the MTSAT-1R infrared channels against the Atmospheric Infrared Sounder (AIRS) super channels also shows good agreement with the comparison against the Infrared Atmospheric Sounding Interferometer (IASI) super channels (Tahara and Kato, 2009).
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Figure 38
FY-2D BT on 6 May 2009 (a) 5:30(UTC) IR1 (b) 5:30(UTC) IR2, (c)  8:30(UTC) IR1 (d) 8:30(UTC) IR2, (e) 12:30(UTC) IR1, (f) 12:30(UTC) IR2
Park and Sohn’s results indicate that MTSAT two split window channels are well calibrated and no serious systematic errors or biases are found (Park and Sohn, 2008). The calibration performances of MTSAT-1R split window channels and shortwave IR channel seems to be comparable to MODIS calibration  (Park and Sohn, 2008). Figure 39 is the IR1 and IR1 BT images at corresponding time with FY-2D on 6 May 2009. The BT of IR11 minus that of IR12 values is positive in most area of the image. The variations of the FY-2D and MTSAT BT along a transect at 30°N are shown in Figure 40. Figure 40 (a) shows the difference of IR1 BT in the ocean is close to 10 K at 5:30 UTC and Figure 40 (b) shows the IR2 difference is about 5K. Similar difference values are shown in Figure 40 (c) and Figure 40 (d) acquired at 8:30 UTC as well as Figure 40 (e) and (f) at 12:30 UTC. In addition, the radiometric resolution of FY-2D is low. The figures show constant values along some areas. The results mentioned above indicate that the calibration of FY-2D VISSR IR1 and IR2 is poor which are not capable of retrieving valid SST products.
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Figure 39
MTSAT BT on 6 May 2009 (a) 5:30(UTC) IR1 (b) 5:30(UTC) IR2, (c) 8:30(UTC) IR1 (d) 8:30(UTC) IR2, (e) 12:30(UTC) IR1, (f) 12:30(UTC) IR2
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Figure 40. Zonal variations of the FY-2D and MTSAT BT along 30°N on 6 May 2009 (a) 5:30(UTC) IR1 (b) 5:30(UTC) IR2, (c) 8:30(UTC) IR1 (d) 8:30(UTC) IR2, (e) 12:30(UTC) IR1, (f) 12:30(UTC) IR2
6.2
Evaluation of HY-1B COCTS SST products

The HY-1B COCTS SST products have been delivered by NSOAS. The daily 0.1 degree grid SST products are evaluated in this study. The SST products are compared with NOAA AVHRR and Terra MODIS. HY-1B’s Equator crossing local time is 10:30-11:30 (descending node). Terra’s descending orbit crosses the equator at 10:30 a.m. local time during each orbit. NOAA-17 is the mid-morning satellite, with descending node passing at ~10:00 am. The temporal difference of the three satellite measurements is negligible. The NOAA-17 AVHRR LAC data are acquired and processed at Ocean University of China, using NOAA operational NLSST algorithms. Terra MODIS Global Level 3 Mapped Thermal IR SST are provided by PO.DAAC, JPL. The SST algorithms To avoid the registration error of the SST products, the COCTS, AVHRR and MODIS SST products are resampled into 0.5 degree grid. Figure 41, Figure 42, Figure 43 show the AVHRR, COCTS, MODIS SST images on 26. [image: image93.png]I 2 h I
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Figure 41. 
(a) NOAA-17 AVHRR SST, (b) HY-1B COCTS SST, (c) Terra MODIS SST on 26 March 2009
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Figure 42 
(a) NOAA-17 AVHRR SST, (b) HY-1B COCTS SST, (c) Terra MODIS SST on 6 April 2009
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Figure 43
(a) NOAA-17 AVHRR SST, (b) HY-1B COCTS SST, (c) Terra MODIS SST on 29 April 2009

Form 15
 Statistics of multi-sensor intercomparison of the SST products.

	Date
	Sensor
	Number
	Bias
	Std.Dev.

	26/3/2009
	AVHRR - MODIS
	74
	-0.46
	0.33

	
	COCTS - MODIS
	131
	-1.02
	0.68

	
	COCTS - AVHRR
	145
	-0.95
	0.63

	6/4/2009
	AVHRR - MODIS
	119
	0.11
	0.33

	
	COCTS - MODIS
	188
	-1.15
	0.50

	
	COCTS - AVHRR
	134
	-1.16
	0.74

	29/4/2009
	AVHRR - MODIS
	118
	-0.20
	0.37

	
	COCTS - MODIS
	118
	-0.83
	0.59

	
	COCTS - AVHRR
	89
	-1.18
	0.51


March, 6 April, 29 April 2009 respectively. The Baihai Sea, Yellow Sea and part of the east China Sea are cloud-free. The statistics of the intercomparison are given in Form 15. The results shown negative bias of COCTS around 1 K compared to MODIS and AVHRR. The standard deviations are relativly higher than the difference beteen AVHRR and MODIS. The algorithm and calibration of HY-1B thermal channels will be investigated for the error sources.

6.3
Summary

The FY and HY have been designed with capability providing SST observation from space. FY-2C, 2D, 2E are currently on orbit. FY-2E was launched in December 2008, replacing FY-2C which has exceeded its duty time. The FY-2D infrared split window channels IR1 and IR2 for the observation of SST are analyzed and compared with simultaneous brightness temperature data fromMTSAT-1R. The results show poor calibration of FY-2D IR1 and IR2 channels, which are not capable of retrieving valid SST products. For HY series satellite, the HY-1B is in-orbit. The FY-2E IR1 and IR2 performance will be analyzed. The HY-1B COCTS SST products are compared with AVHRR and MODIS SST products. The results show negative bias around 1K exists for COCTS SST. The FY-3A, a new generation polar orbiting meteorological satellite was launched in 2008. The Visible and InfraRed Radiometer (VIRR) on board FY-3A has infrared split window channels as well as mid-infrared channel for SST retrieval. The SST products derived from FY-3A is under investigation.
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