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Golden age of Scatterometry (WMO OSCAR)

Source: https://space.oscar.wmo.int/gapanalyses?mission=12

Past C-band missions : Past Ku-band missions :
ERS-1,2/ESCAT 10:30 desc. 1992-1996, 1995-2000 SeaWinds/QuikScat 6:00 desc. 1999-2009
MetOp-A/ASCAT 9:30 desc. 2007-2021 RapidScat/ISS 52 * 2014-2016

OceanSat-2/OSCAT-1 0:00 desc. 2009-2014
ScatSat-1/OSCAT-2 8:45 desc. 2016-2021 Prepare ourselves for many scatterometers 

 ~15% forecast error reduction?

https://space.oscar.wmo.int/gapanalyses?mission=12


24/7 Wind services (EUMETSAT  OSI SAF)
International constellation of satellites
High quality winds, QC
Timeliness 30 min. – 2 hours
Service messages
QA, monitoring
7 satellites (2 Europe, 5 China)

Software services (NWP SAF)
Portable Wind Processors
ECMWF model comparison

• Organisations involved: 
KNMI, EUMETSAT, EU, ESA, NASA, NOAA, ISRO, CMA, 
WMO, CEOS, ..

• Users: NHC, JTWC, ECMWF, NOAA, NASA, NRL, BoM, UK 
MetO, M.France, DWD, CMA, JMA, CPTEC, NCAR, NL, . . .

More information: 
www.knmi.nl/scatterometer
Wind Scatterometer Help Desk
Email: scat@knmi.nl

Satellite Wind Services

   

 

 

http://www.knmi.nl/scatterometer
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http://www.osi-saf.org/
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users AWDP beta

		Date requested		Last name		First name		Title		E-mail		Institute		Country		Address line 1		Address line 2		City / Town		County / State		Postcode / Zipcode		CD or FTP		On e-mail list		Terms		Date distributed		Outcome

		29-Dec-05		Legg		Gene				gene.legg@noaa.gov		NOAA/NESDIS		United States of America		E/SP1, Room 3065, Federal Building 4		4700 Silver Hill Road		Suitland		Maryland		20746		FTP		required		agree		12-Jan-06

		29-Dec-05		Augenbaum		Jeffrey				jeffrey.augenbaum@noaa.gov		NOAA/NESDIS		United States of America

		29-Dec-05		Rancic		Gordana				gordana.s.rancic@noaa.gov		NOAA/NESDIS		United States of America																				Moved to another project

		29-Dec-05		Jelenak		Zorana				zorana.jelenak@noaa.gov		NOAA/NESDIS		United States of America

		9-Aug-06		Nie		Congling				nie@mers.byu.edu		Brigham Young University		United States of America		459 Clyde Building				Provo		Utah		84602		FTP		required		agree		11-Aug-06

		29-Aug-06		Kato		Koji		Mr.		k-katou@met.kishou.go.jp		Meteorological Satellite Center		Japan		3-235 Nakakiyoto		Kiyose-City		Tokyo		Japan		3-235		FTP		required		agree		1-Sep-06

		4-Dec-06		Tveter		Frank Thomas		Mr.		frank.tveter@met.no		Met.no		Norway												FTP						4-Dec-06

		4-Dec-06		Kristiansen		Vegar		Mr.		vegar.kristiansen@met.no		Met.no		Norway												FTP						4-Dec-06

		1-Mar-07		Bonekamp		Hans		Mr.		hans.bonekamp@eumetsat.int		EUMETSAT		Germany		Am Kavalleriesand 31				Darmstadt		Germany		D-64295		FTP		required				1-Mar-07

		27-Apr-07		Shin		Hae-Yong		Dr.		shin@seaspace.com		SeaSpace Corporation		United States of America		12120 Kear Place				Poway, CA				92064		FTP		required		agree		1-May-07

		10-Dec-07		Golf						seubson.soisuvarn@noaa.gov		NOAA/NESDIS		United States of America

		10-Dec-07		Zhu		Qi				qi.zhu@noaa.gov		NOAA/NESDIS		United States of America

		19-Mar-08		Tonboe		Rasmus		Dr.		rtt@dmi.dk		Danish Meteorological Institute		Denmark		Lyngbyvej 100				DK-2100 Copenhagen		Denmark				FTP				agree		19-Mar-08

		13-Oct-08		Cao		Xiaoqun		Dr.		qunxiaocao2000@yahoo.com.cn		Nanjing University		China		Shuang Long Street		Nanjing City, Jiangsu Province				China				FTP				agree		13-Oct-08

		24-Nov-08		Liang		Zhang				zhanglhunan@yahoo.com.cn				China		Shuang Long Street 60		Nanjing City, Jiangsu Province				China				FTP				agree		24-Nov-08
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users AWDP v1

		Date requested		Last name		First name		Title		E-mail		Institute		Country		Address line 1		Address line 2		City / Town		County / State		Postcode / Zipcode		CD or FTP		On e-mail list		Terms		Date distributed		Outcome

		17-Feb-09		Figa Saldana		Julia		Ms.		julia.figa@eumetsat.int		EUMETSAT		China		Am Kavalleriesand 31				Darmstadt				D-64295		FTP		not_required		agree		17-Feb-09

		25-Feb-09		Augenbaum		Jeffrey		Dr.		jeffrey.augenbaum@noaa.gov		NOAA		China		NSOF - Bldg 4231				Suitland		Maryland		20746		FTP		not_required		agree		25-Feb-09

		1-Mar-09		Zhang		Liang		Mr		zhanglhunan@yahoo.com.cn		Nanjing University		China		Shuanglong Street 60		Qinhuai district		Nanjing				211101		FTP				agree		2-Mar-09

		22-Mar-09		Huadong		Du				dhd_1979@yahoo.com.cn		self		China		Nanjing Shuanglong Street 60				Nanjing				211101		FTP		not_required		agree		23-Mar-09

		23-Mar-09		Sarri		Lars - Erik		Science Co-ordinator		larserik.sarri@esrange.ssc.se		Esrange Space Center		China		Esrange		P.O. Box 802		Kiruna		Norrbotten		SE-981 28		FTP				agree		23-Mar-09

		5-May-09		Bonekamp		Hans				hans.bonekamp@eumetsat.int		EUMETSAT		China		Am Kavalleriesand 31				Darmstadt				64297		FTP				agree		6-May-09

		20-May-09		Bogdanov		Andrey		Dr.		Andrey.Bogdanov@neuroinformatik.ruhr-uni-bochum.de		Institute for Neuroinformatics		China		Universitaetsstrasse 150				Bochum		Germany		44801		FTP				agree		20-May-09

		13-Jun-09		Mclean		Duncan		Mr.		dmclean@minffordd-observatory.co.uk		Self		Europe		1 Minffordd		Bont Dolgadfan		Llanbrynmair		Powys		SY19 7BQ		FTP				agree		15-Jun-09

		25-Jun-09		Liu		Guoqiang		Dr.		goqangl@163.com		Institute of oceanology Chinese Academy of Sciences		Europe		Qingdao 266071 China		Qingdao		Qingdao		China		266071		FTP		not_required		agree		25-Jun-09		Same request again on 10 July

		5-Aug-09		Piermattei		Viviana		Dr.		v.piermattei@unitus.it		Laboratory of Experimental Oceanology and Marine Ecology DECOS Tuscia University OCEANEERS		Europe		Molo Vespucci Civitavecchia		Port Civitavecchia		Rome		Latium		00053		FTP				agree		10-Aug-09

		28-Sep-09		Takahashi		Masaya		Mr		m_takahashi@naps.kishou.go.jp		Japan Meteorological Agency		Europe		1-3-4 Otemachi Chiyoda-ku				Tokyo				100-8122		FTP				agree		28-Sep-09

		10-Oct-09		Massaggia		Fiorenzo				iw3ele@yahoo.it		'self' - radioamateur		Europe		via Pio X n.13				Marcon VE		Italia		30020		FTP				agree		12-Oct-09

		15-Oct-09		Fore		Alex		Dr		alexander.fore@jpl.nasa.gov		JPL		Europe		4800 Oak Grove Drive		M/S 300-235		Pasadena		CA		91109-8099		FTP				agree		16-Oct-09

		2-Nov-09		Shen		Hui		Dr.		rzsh5@msn.com		Institute of Oceanology, Chinese Academy of Sciences		Europe		7 Nanhai Road				Qingdao				266071		FTP				agree		2-Nov-09

		20-Nov-09		Yong		Zhang		Mr		yongzhang@mail.iap.ac.cn		self		Europe		Beijing 9813 mailbox in China				Beijing				100029		CD		not_required		agree		23-Nov-09

		4-Feb-10		salerno		raffaele		Dr.		raffaele.salerno@epson-meteo.org		emc		Europe		via Diverio 5				Chieri				10023		FTP		not_required		agree		4-Feb-10

		13-Mar-10		Long		David		Prof.		long@ee.byu.edu		Brigham Young University		Europe		459 CB, BYU				Provo		UT		84602		FTP				agree		15-Mar-10

		15-Mar-10		Edward		Edward		Mr.		cfisicaster@gmail.com		UNMSM		Europe		011		Calle 13		LIMA		Lima		011		FTP		not_required		agree		15-Mar-10

		23-Mar-10		Kumari		Reena		Mr.		smiley_reena@yahoo.co.in		IIT Bombay		Europe		IIT Bombay				Powai		Mumbai		400076		FTP				agree		23-Mar-10

		27-Mar-10		zhang		liang		Mr		zhanglhunan@yahoo.com.cn		Nanjing University		Europe		shuanglong street 60#		qinhuai district		nanjing city		china		211101		FTP		not_required		agree		29-Mar-10

		20-Apr-10		Rocha		Diego		Eng		diegorsrocha@gmail.com		self		Europe		57075645		57075645		Maceió		Brasil		57075645		FTP		not_required		agree		20-Apr-10

		27-Apr-10		Andreeva		Zoya		Miss		arkweid@yandex.ru		State Research Center 'Planeta'		Europe		Korolyov avenue house 22, flat 23				Korolyov		Russia		141077		FTP				agree		27-Apr-10

		17-May-10		GODEFIN		olivier		Mr		olivier@godefin.fr		self		India		6 rue du champ de mars				ROUEN				76000		FTP		not_required		agree		17-May-10

		19-May-10		Tapia		Fabian		Dr		ftapia@oceanografia.udec.cl		Universidad de Concepcion		India		Casilla 160-C		Departamento de Oceanografia		Concepcion				4030000		FTP				agree		19-May-10

		20-May-10		Prasad		Kota		Dr.		kota@seaspace.com		SeaSpace Corporation		Other Asia		13000 Gregg Street				Poway, California				92064		FTP				agree		20-May-10

		6-Jul-10		Myhre		Jonas		Mr		jonas@ksat.no		self		Russia		Prestvannet				Tromso				9000		FTP		not_required		agree		6-Jul-10

		10-Jul-10		duboc		philip		MR		philip.duboc@free.fr		self		Russia		9bis rue de metz				retonfey				57645		FTP		not_required		agree		12-Jul-10

		27-Aug-10		Magnanini		Pietro		Mr		pietro@magnanini.info		self		South America		Domenico Cimarosa 54				Pesaro		PU		61100		FTP		not_required		agree		30-Aug-10

		2-Sep-10		Fernández		Alberto		Mr		djabex@hotmail.com		self		South America		Cáceres, Campus Universitario, s/n				Cáceres				10071		FTP		not_required		agree		2-Sep-10

		8-Sep-10		GARCIA		ANDREINA		ING.		andreina_garcia@hotmail.com		BOLIVARIAN AGENCY FOR SPACE ACTIVITIES		South America		COMPLEJO TECNOLOGICO SIMON RODRIGUEZ BASE AEREA LA CARLOTA				CARACAS		VENEZUELA		1060		FTP		not_required		agree		9-Sep-10

		14-Sep-10		Kumar		Prashant		Dr.		kam3545@gmail.com		ISRO		South America		ASD/AOSG/EPSA/SAC				Ahmedabad		India		380015		FTP		not_required		agree		14-Sep-10

		24-Sep-10		Fiamegkos		Antonios		Mr		afiamegkos@hnms.gr		HNMS		South America		Hellenic National Meteorological Service		14, El Venizelou St.		Hellinikon		ATTIKI		167 77		FTP				agree		24-Sep-10

		8-Oct-10		Zhang		weimin		Mr		wmzhang104@163.net		school of computer		United States of America		??				changsha		hunan		410073		FTP				agree		8-Oct-10

		15-Oct-10		Ortiz		Gustavo		Mr.		gustavo.ortiz@cptec.inpe.br		Instituto Nacional de Pesquisas Espaciais		United States of America		Rodovia Presidende Dutra, km 39		Divisão da Satélites e Sistemas Ambientais (DSA)		Cachoeira Paulista		São Paulo		12630-000		FTP				agree		15-Oct-10

		22-Oct-10		Kostromitinov		Alexey		Mr.		alexakos@yandex.ru		self		United States of America		Apartment â189		34, Sovetskaya Street		Arkhangelsk				163020		CD		not_required		agree		25-Oct-10

		22-Nov-10		Schlicker		Juergen		Mr		juergen.schlicker@t-online.de		self		United States of America		Heiterwanger Weg 1				Berlin				12209		FTP				agree		22-Nov-10
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users AWDP v2

		Date requested		Time		Last name		First name		Title		E-mail		Institute		Country		Address line 1		Address line 2		City / Town		County / State		Postcode / Zipcode		CD or FTP		On e-mail list		Accept terms and conditions		Date distributed		Outcome

		2-Dec-2010		13:50		Tapia		Fabian		Dr.		ftapia@oceanografia.udec.cl		Universidad de Concepcion		China		Casilla 160-C		Departamento de Oceanografia		Concepcion		Bio-Bio		n/a		FTP				agree		2-Dec-2010

		2-Dec-2010		18:05		Augenbaum		Jeffrey		Dr.		jeffrey.augenbaum@noaa.gov		NOAA		China		NSOF Bldg		4231 Suitland Road		Suitland		Maryland		20746-4304		FTP				agree		6-Dec-2010

		2-Dec-2010		19:23		Long		David		Dr.		long@ee.byu.edu		Brigham Young University		China		459 CB				Provo		Utah		84602		FTP				agree		6-Dec-2010

		4-Dec-2010		8:01		Fiamegkos		Antonios		Mr		afiamegkos@hotmail.com		Hellenic National Meteorological Service		China		Xanthippou 85,T.K 15561,Cholargos				Cholargos				15561						agree		4-Dec-2010

		8-Dec-2010		16:02		Soisuvarn		Seubson		Dr.		seubson.soisuvarn@noaa.gov		NOAA		China		5200 Auth Road				Camp Springs, Maryland		USA		20746		FTP				agree		8-Dec-2010

		16-Dec-2010		15:03		Kuzmic		Milivoj		Dr		kuzmic@rudjer.irb.hr		Rudjer Boskovic Institute		China		Bijenicka 54		P.O.Box 180		Zagreb		N/A		10002		FTP				agree		16-Dec-2010

		22-Jan-2011		0:55		Liu		Yan		Dr.		liuyan@cma.gov.cn		Chinese Meteorological Administration		China		Zhongguancun Street 46, Haidian Beijing				Beijing				1000081		FTP				agree		24-Jan-2011

		24-Jan-2011		6:12		Shaojun		Lai				shaojun__mail@163.com		Meteorology		China		No.1 Houyushan Villiage, Gushan town,Jinan District,  Fuzhou , Fujian Province,China				Fuzhou, Fujian				350014		FTP				agree		24-Jan-2011

		26-Jan-2011		23:36		Prasad		Kota		Dr		kota@seaspace.com		self		China		13000 Gregg Street, Suite A				Poway				92064		FTP				agree		27-Jan-2011

		11-Feb-2011		12:37		Chen		Jing				jechin@163.com		self		China		Datun Road20 north, Haidian District, Beijing china				Beijing		China		100101		FTP				agree		11-Feb-2011

		23-Feb-2011		9:52		Marzialetti		Pablo		Mr		pablomarzialetti@gmail.com		self		China		Via Roberto Malatesta 4				Rome				176						agree		23-Feb-2011

		13-Mar-2011		7:46		Zhang		Liang		Dr.		zhanglhunan@yahoo.com.cn		Nan Jing University		China		Shuanglong Street 60#				Nanjing		china		211101		FTP				agree		14-Mar-2011

		13-Mar-2011		8:06		Wang		Jiujuan		Dr.		jjuanwang@scsio.ac.cn		South China Sea Institute of Oceanology		China		164 West Xingan Road		Key Laboratory of Tropical Marine Environmental Dynamics		Guangzhou		Guangdong		510301		FTP				agree		14-Mar-2011

		25-Mar-2011		9:25		Zhou		Xuan		Mr		youme_zx@163.com		Institute of Remote Sensing Applications of Chinese Academy of Sciences		China		CAS Olympic S&T Park No.20 Da Tun Road, Chao Yang		P. O. Box 9718		Beijing		chaoyang		100101		FTP				agree		25-Mar-2011

		17-Apr-2011		23:53		Johnson		Cecil				cjohnsonwx@gmail.com		Navy		China		Navy Base Coronado				San Diego		California		92135		FTP				agree		18-Apr-2011

		27-Apr-2011		13:01		Marzialetti		Pablo		Mr		pablomarzialetti@psm.uniroma1.it		CRPSM - Sapienza Univ.di Roma		China		Via Salaria 851				Rome				138		FTP				agree		27-Apr-2011

		9-Jun-2011		9:11		Dou		Fangli		Miss		cyn713@sina.com		National Satellite Meteorological Center		China		Haidian District.ZhongGuancun South Street.No.46				Beijing				100081		FTP				agree		9-Jun-2011

		15-Jun-2011		18:10		El Youncha		Anis		Mr		anis.elyouncha@rma.ac.be		RMA		China		Avenue de la renaissance 30				Brussels		Belgium		1000		FTP				agree		15-Jun-2011

		11-Jul-2011		21:15		Lindsley		Richard		Mr		rlindsley@mers.byu.edu		BYU MERS Lab		China		459 CB				Provo		UT		84602		FTP				agree		12-Jul-2011

		17-Jul-2011		9:57		Arul Dhas		Vincent Ferrer		Mr		ferrer.vincent@yahoo.co.in		Anna University		Europe		Centre for Water Resources, College of Engineering		Guindy Campus, Sardar Patel Road		Chennai		India		600025		FTP				agree		18-Jul-2011

		17-Jul-2011		12:43		Lin		Wenming		Dr		wenminglin@cmima.csic.es		Centre Mediterrani d'Investigacions Marines i Ambientals		Europe		Passeig Maratim de la Barceloneta, 37-49				Barcelona		Spain		08003		FTP				agree		18-Jul-2011

		3-Aug-2011		13:35		Dou		Fangli		Miss		cyn713@sina.com		National Metterological Satellite Center of China		Europe		Zhongguancun South street No.46,Beijing				Haidian District		China		100081		FTP				agree		3-Aug-2011

		19-Aug-2011		3:46		Limbu		Bidur		Mr		subbabidur@gmail.com		Institute of Engineering		Europe		Kathamndu				Kathamndu		Nepal		00977		FTP						19-Aug-2011

		4-Sep-2011		16:36		Bellard		Philippe		Mr		bellard@club-internet.fr		self		Europe		8 rue Arago				BESANCON				25000		FTP				agree		5-Sep-2011

		19-Sep-2011		5:51		Kim		Ahleum		Mr		lobinhood1@naver.com		nimr		Europe		sindaebang-2-dong				youngdeungpo-gu, seoul				156720		FTP		not_required		agree		19-Sep-2011

		20-Oct-2011		17:14		Sobrino		Agustin		Mr.		asobrinog@telefonica.net		Self		Europe		Poal, 29				Sant Fruitos de Bages		Barcelona		8272		FTP				agree		20-Oct-2011

		9-Nov-2011		3:44		Wong		Kenny		Mr		kenny.wkwong@gmail.com		self		Europe		Hong Kong				Hong Kong				0		FTP				agree		9-Nov-2011

		1-Dec-2011		10:50		Mondal		Partho		Mr.		partho.iirs@gmail.com		IIRS,ISRO,Govt. of India		Europe		4 Kalidas Road				dehradun				248001		FTP				agree		1-Dec-2011

		16-Dec-2011		17:23		fiamegkos		antonios		Mr		afiamegkos@hotmail.com		HNMS		Europe		eleutheriou benizelou 14, elliniko, TK 16777				elliniko		16777		Greece						agree		16-Dec-2011

		27-Dec-2011		7:18		Wojcik		David				wojcik.dave@gmail.com		self		Europe		318 Southport Street				Ronkonkoma, NY				11779		FTP		not_required		agree		27-Dec-2011

		31-Jan-2012		10:19		Fiamegkos		Antonios		Mr		afiamegkos@hnms.gr		HNMS(Hellenic National Meteorological Service)		Europe		Eleytheriou Venizelou				Hellinikon				16777		FTP				agree		31-Jan-2012

		8-Feb-2012		4:21		kim		ah leum		Mr.		lobinhood1@korea.kr		NIMR(in Korea)		Europe		Korea Meteorological Administration, Sindaebang 2-dong, Dongjak-gu, Seoul, Korea				Seoul				156-720		FTP						8-Feb-2012

		20-Feb-2012		2:25		Lee		Okki		Dr		yiokki@kma.go.kr		Korea Meteorological Administration		Europe		61 Yeouidaebang-ro 16-gil		Dongjak-gu		Seoul				156-720		FTP		not_required		agree		20-Feb-2012

		3-Mar-2012		9:57		Delphin		Laurent		Mr		science0.delphin@laposte.net		LDVenture		Europe		24-67 rue Verlomme				DUNKERQUE				FR-59140		FTP				agree		5-Mar-2012

		9-Apr-2012		12:26		Karimova		Svetlana		Ms		feba@list.ru		Space Research Institute of RAS		Europe		Profsoyuznaya Str. 84/32				Moscow				117997		FTP		not_required		agree		10-Apr-2012

		19-Apr-2012		9:33		Gupta		Anjari		Dr.		anjari@ncmrwf.gov.in		NCMRWF, Ministry Of Earth Sciences, India		Europe		A-50, Institutional Area		Sector-62		Noida		India		201309		FTP		not_required		agree		19-Apr-2012

		26-Apr-2012		11:02		rimal		subash		mr		jaysambho@hotmail.com		MET FORECASTING DIVISION NEPAL		India		977				KATHMANDU		NEPAL		977								26-Apr-2012

		10-May-2012		6:03		Moriya		Masami		Mr		m.moriya@met.kishou.go.jp		Japan Meteorological Agency		India		1-3-4 Otemachi, Chiyoda-ku, Tokyo 100-8122, JAPAN				Tokyo		Japan		100-8122		FTP				agree		10-May-2012

		17-May-2012		14:13		Williams		Chris		Mr		chris.williams@eosphere.co.uk		eOsphere Limited		India		3 Great Farm Offices		West Woodhay		Newbury		West Berkshire		RG20 0BP		FTP				agree		18-May-2012

		18-Jun-2012		16:01		zhang		zenghai		Mr		zenghaizhang@gmail.com		National Meteorological Center		India		Zhongguancun Southern Street, No.46, Haidian Distric				Beijing				100081		FTP				agree		18-Jun-2012

		27-Jun-2012		9:22		das		santosh		dr		cyclonesantosh430@gmail.com		nio		Other Asia		713125		balgona		burdwan		india		713125								27-Jun-2012

		2-Jul-2012		0:08		Kim		Jinhan		Mr		mkjh@kangwon.ac.kr		University		Other Asia		Gangwon National Univ., Hyoja 2-dong, Chuncheon-si, Gangwon-do, Korea		an Engineering College 6, 319		Chuncheon-si				200-701								2-Jul-2012

		2-Jul-2012		6:27		kim		ah leum		Mr		lobinhood1@naver.com		NIMR		Other Asia		Seoul, Dongjack-Gu, Shindaebang-2Dong 460-18				Seoul				156-720		FTP				agree		2-Jul-2012

		4-Jul-2012		21:25		Capriotti		Massimiliano		Dr.		massicapriotti@tiscali.it		self		Other Asia		via O. Belluzzi 5				Bologna		Italy		40135		FTP						5-Jul-2012

		8-Jul-2012		15:39		liu		yan				liuyan@cma.gov.cn		china administration of meteorology		Other Asia		zhongguancun street 46, haidian beijing				beijing				100081		FTP						9-Jul-2012

		6-Aug-2012		18:00		Yudi		Liu				liuyd.andy@gmail.com		NCAR		Other Asia		3450 Mitchell Lane				Boulder				80301		FTP				agree		7-Aug-2012

		11-Sep-2012		9:45		wu		zhongyuan		Mr		wuzhongyuan08@mails.gucas.ac.cn		gucas		Other Asia		gucas				beijing		china		10001		FTP				agree		11-Sep-2012

		14-Sep-2012		5:25		Lv		Xuezhu		Dr.		L.xiaozhu@163.com		Ocean University of China		Other Asia		Songling Road 238, Qingdao, Shandong,China				Qingdao				262600		FTP		not_required		agree		14-Sep-2012

		18-Sep-2012		19:29		Fore		Alexander		Dr		alexander.fore@jpl.nasa.gov		JPL		Other Asia		4800 Oak Grove Drive		M/S: 300-243		Pasadena		CA		91106		FTP		not_required		agree		19-Sep-2012

		30-Oct-2012		8:43		Khoisya Yuliarga		Ahmad		Mr		arga.chibi@yahoo.com		self		Other Asia		Jl. K.H. Achmad Dahlan		No.4		Surabaya		Indonesia		61113		FTP		not_required		agree		30-Oct-2012

		1-Nov-2012		8:02		chenbin		xue		Mr		xuezhanbin@yahoo.com.cn		self		Other Asia		Road 2, Nanchang city, Jiangxi Province, China				Nanchang				330046		FTP				agree		1-Nov-2012

		5-Dec-2012		9:46		Lunven		Nicolas		Mr		nicolas@nicolaslunven.com		self		Russia		2 Impasse des Hauts de Guern				la Foret Fouesnant		France		29940		FTP				agree		5-Dec-2012

		10-Dec-2012		22:48		Remund		Quinn		Dr.		qremund@ball.com		Ball Aerospace		Russia		PO Box 1062				Boulder		CO		80306		FTP				agree		11-Dec-2012

		17-Dec-2012		23:47		chenghuhua		cheng		Mr		chenghuhua1983@163.com		self		Russia		Taiyuan, Shanxi, China				Taiyuan				30000		FTP				agree		18-Dec-2012

		19-Dec-2012		23:59		Pustinskiy		Ilya		Mr		windpil@mail.ru		self		Russia		680042, Russia, Khabarovs, Shelesta 120-153				Khabarovsk				680042		FTP				agree		20-Dec-2012

		3-Jan-2013		3:10		Hatzopoulos		Nikolaos				hatzopou@chapman.edu		Chapman University, CA, USA		South America		One University Dr				City of Orange		Orange		92866		FTP		not_required		agree		3-Jan-2013

		22-Jan-2013		9:02		Chernyshov		Yuriy				chernyshov@scanex.ru		RDC ScanEx		South America		Rossolimo street, 5/22				Moscow				119021		FTP				agree		22-Jan-2013

		18-Feb-2013		2:35		zhongguo		song		Mr		szg0505@163.com		National Space Science Center,CAS		South America		åŒ—äº¬å¸‚æµ·æ·€åŒºä¸­å…³æ�‘å�—äºŒæ�¡ä¸€å�·				beijing				100190						agree		18-Feb-2013

		28-Feb-2013		2:55		Liu		Guihong		Miss		lgh422@yahoo.com.cn		Insitute of remote sensing applications,Chinese academy of sciences		United States of America		CAS Olympic S&T Park No.20 Da Tun Road, Chao Yang				Beijing		China		100101		FTP				agree		28-Feb-2013

		1-Mar-2013		13:53		sakagami		yoshiaki		Ms.		yoshi@ifsc.edu.br		IFSC		United States of America		Av. Mauro Ramos, 950				Florianopolis				88020-300		FTP				agree		1-Mar-2013

		14-Mar-2013		8:54		Golubkin		Pavel				pgolubkin@rshu.ru		Russian State Hydrometeorological University		United States of America		Solidarnosti 3/2-235				St. Petersburg				193312		FTP		not_required		agree		14-Mar-2013

		16-Mar-2013		16:10		Azizi		Hamidullah		Mr Azizi		Hamidullahazizi995@yahoo.com		Law and political science		United States of America		Mazar e sharif		Kodubarq Dehdadi		Mazar e sharif				93		none						18-Mar-2013

		19-Mar-2013		12:07		Roelens		Thomas		Mr		thomasroelenswh@gmail.com		Luca-arts Brussels		United States of America		Oudenburgweg 55 8490				Varsenare		Belgium		8490		CD				agree		19-Mar-2013

		27-Mar-2013		21:08		Sluzenikina		Jekaterina		Miss		jekaterina.sluzenikina@emhi.ee		Estonian Meteorological and Hydrological Institute		United States of America		Mustamäe tee 33				Tallinn				10616		FTP				agree		28-Mar-2013

		28-Mar-2013		7:39		Gibbs		Allan		Mr		allan@prescot.demon.co.uk		self		United States of America		27 Beechwood Grove				Prescot		Merseyside		L35 5AX		FTP				agree		28-Mar-2013

		10-Apr-2013		5:56		Liu		Qiang		Mr		liuqiangrs@gmail.com		Intitute of remoe sensing application,CAS		United States of America		100101				Beijing				100101		FTP				agree		10-Apr-2013

		8-May-2013		17:09		Marcos		Marcos		Mr		marcos.vianna@gmail.com		Brazilian Navy		United States of America		Rua Barão de Jaceguai, s/n,		Ponta da ArmaÃ§Ã£o		Niterói		Rio de Janeiro		24048-900		FTP		not_required		agree		9-May-2013

		24-May-2013		13:20		zhouxuan		zhou		Dr.		youme_zx@163.com		Institute of Remote Sensing Applications Chinese Academy of Sciences		United States of America		CAS Olympic S&T Park No.20 Da Tun Road, Chao Yang,  ã€€ã€€Beijing (P. O. Box 9718)				chaoyang				100101		FTP		not_required		agree		24-May-2013

		6-Jun-2013		1:25		Dou		Fangli		Miss		doufl@cma.gov.cn		National Satellite Meteorological Centor		United States of America		46 Zhong Guan Cun South Street				Beijing				100081		FTP				agree		6-Jun-2013
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ASCAT scatterometer calibrations
 EUMETSAT OSI SAF contributions to CDRs, e.g., 

https://scatterometer.knmi.nl/ascat_calibration/
 Supported by Ocean Surface Winds Task Group 

of  the Coordination Group of Meteorological 
Satellites (CGMS), chaired by Ad Stoffelen

 Scatterometer intercalibration
 Variations due to weather, longer-term 

differences due to instrument 
 0.1 m/s ≅ 0.1 dB
 Extension to Ku-band and passive microwave 

sensors (Sisma Samuel)
 EUMETSAT CDOP4 phase from March 2022 to

March 2027
Belmonte et al., 2017

https://scatterometer.knmi.nl/ascat_calibration/
https://doi.org/10.1109/JSTARS.2017.2647842
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Quality Control and ocean winds
• EUMETSAT OSI SAF continuously improves quality control (QC)

• For Ku-band scatterometers we need to control rain events (=>)

• Develop algorithms to correct for remaining observational sampling biases

• We compare geographical biases between rain-insentitive (ASCAT) and rain-
sensitive (Ku-band) scatterometers and collocated ECMWF winds

• This allows correction of the satellite sampling biases using ECMWF

• It allows to estimate the bias due to the systematic removal of about 10% of the 
Ku-band winds in moist convection

• We work on Ku-band rain correction methods using Bayesian estimation

Zhao et al., 2023

King et al., 2022

Xu and Stoffelen, 2021, 2019

Trindade et al., 2020, 2023

Belmonte and Stoffelen, 2019

Old

New

https://doi.org/10.1109/TGRS.2023.3264246
https://doi.org/10.3390/rs14051147
https://doi.org/10.5194/amt-14-7435-2021
https://doi.org/10.1109/TGRS.2019.2951726
https://doi.org/10.1109/TGRS.2019.2946019
https://diposit.ub.edu/dspace/handle/2445/193064
https://doi.org/10.5194/os-15-831-2019


Quintuple collocation analysis

Jur Vogelzang and Ad Stoffelen, 2022a, 2022b, 2021

• Scatterometers winds and stresses are unbiased with respect to moored 
buoys and have the smallest random error among in-situ and NWP winds

• Consolidated several methodologies to solve collocation error equations
• Added better ability to approximate the errors of the errors
• Confirms the excellent accuracy of scatterometer winds 
• Stress-equivalent 10-m winds

(C-band)
(C-band)
(Ku-band)

https://doi.org/10.3390/rs14184552
https://doi.org/10.3390/rs14174268
https://doi.org/10.1029/2021JC017189


Model bias 
correction in 
NWP data 
assimilation

Ad.Stoffelen@knmi.nl

Zhixiong Wang, NUIST

Rianne Giesen, KNMI

Giovanna De Chiara, ECMWF

Sean Healy, ECMWF
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Model bias 
correction in 
NWP data 
assimilation

Ad.Stoffelen@knmi.nl

Zhixiong Wang, NUIST

Rianne Giesen, KNMI

Giovanna De Chiara, ECMWF

Sean Healy, ECMWF
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Rationale
 See SCA SAG science plan (drafted 2016)

Model biases are rather high compared to innovation, 
violating Best Linear Unbiased Estimate paradigm in data 
assimilation

 A few decades of model improvement have not solved this 
problem, though we are still trying actively

 The L4 OPS and ERA5 corrections can be inversely applied 
to the scatterometer data for the scatterometer winds to 
be unbiased with respect to the model

 ECMWF provided a reference run without scatterometers 
for which NUIST and KNMI computed model biases, 
averaging over 20 days (like for L4 product)

 NUIST applied these biases to obtain adjusted BUFR 
products

 ECMWF will run an OSE and compare it to reference OSEs 
with and without scatterometer data assimilation

mailto:Ad.Stoffelen@knmi.nl


Global NWP gap for small scales

500 km

Collocated
ECMWF (ODB)

ModeS at 10 km height

ASCAT

k-5/3

2014
≡ ERA5

 Collocation 
observations and 
ECMWF (same sample)
Below 500-km scales 

3D turbulence dictates 
k-5/3 spectrum

 This is followed by the 
observations

 In the upper air and at 
the ocean surface, 
ECMWF misses small-
scale processes

Wind variability is 
associated with 
mesoscale dynamics, 
coupled to sea surface 
conditions
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Spatial derivatives of wind and stress fields

• King et al., 2022 (see right) handles divergence PDFs and 
compares to ECMWF (also part of L3 and L4 files)

• Updrafts and downbursts in moist convection have a large 
and systematic impact on air-sea interaction, bringing 
moist air up and dry air down

• King et al. (2022) show scatterometer divergence and 
convergence (and curl!) are related to moist updrafts and 
downdrafts resp. by association to rain loops (MSG)

 These fast (30 min) and mesoscale (few km) processes 
are not well tracked in collocated global NWP winds 
(green line)

 Scatterometers can help to correct climatological biases 
due to missing processes in models

https://doi.org/10.3390/rs14051147


NWP coastal winds are too low

 PDFs of collocated coastal winds
 ECMWF u10s decreases faster 

towards the coast for < 30 km 
 Probably caused by diffusion 

operator?
 Consistent with downscaling 

studies with km-scale grids
 While these still reduce the 

winds before they reach the 
coast!

 This is problematic for coastal 
model studies

Vogelzang & Stoffelen, 2022

https://scatterometer.knmi.nl/publications/pdf/ASCAT_land_correction_v1.0.pdf


In only 50 
minutes

Nyatoh

ASCAT-C ASCAT-B

King et al., 2022King et al., 2022

https://doi.org/10.3390/rs14051147
https://doi.org/10.3390/rs14051147


Processes at the air-sea interface

O(1km)

Exchanges of heat, gas, momentum at the air-sea interface depend on the thermal, chemical, kinematic
unbalance between ocean and atmosphere that are modulated by many small-scale processes that substantially 
moderate these exchanges.

Air-sea fluxes
depend on 

- Surface stress
(impacted by ocean 
velocity and by air 
velocity, which is 
affected by SST) 

- Boundary layer 
thickness (which 
varies by 2 orders of 
magnitude in 
different stability 
conditions)

- Km-scale ocean 
(eddy) dynamical 
circulations and 
phenomena

• Atmosphere and ocean are dynamically coupled through 
parameterizations with errors

• > 70% of earth’s surface
• Tropical modes are poorly described (El Nino, MJO, Tropical Instability Waves, ..)
• Will these modes change in a changing climate? With what consequence?



High resolution

6.25-km ASCAT

Coastal effects:
 Large ships
 Breaking waves?
 RFI
 Lakes?
 Shallow waters
 (Tidal) currents
 . . .
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Wind direction biases of SCA - NWP

HSCAT-B Rep02 HSCAT-C Rep02 HSCAT-D Rep02

ASCAT-B NRT ASCAT-C NRT ASCAT-B/NRT – HSCAT-B/Rep02

 Pattern could be diurnal cycle error
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Wind speed biases of SCA - NWP

HSCAT-B Rep02 HSCAT-C Rep02 HSCAT-D Rep02

ASCAT-B NRT ASCAT-C NRT ASCAT-B/NRT – HSCAT-B/Rep02

 Pattern could be diurnal cycle error
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What can we fix?
For U10S

 Adjust observations to the model biases to make 
data assimilation more effective, i.e., take profit
of the full innovation vector

 Correct ERA5 and OPS background U10S for the 
scatterometer biases for every hour 
(we cannot correct the ERA5 U10S analyses, as these errors are too complicated in 
their scatterometer dependency)

 Use ML to learn the biases, such that they can be applied in coupled forecasts (ICM)

 Link the biases in mean and variance to coupled-model physical parameters 
(EUMETSAT fellow)

 Test the impact of the proposed changes on (coupled) ocean and weather forecasts

 Improve the coupled model based on what we learned
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Rationale to bias observations
 U10 Model biases are locally rather high compared to innovation, 

violating Best Linear Unbiased Estimate paradigm in data assimilation

 A few decades of model improvement have not solved this problem, 
though one is still trying actively (Sandu, 2019); it is a problem for 
ocean forcing too; this is, the water is forced in the wrong direction

 ECMWF provided a reference run without scatterometers for which 
NUIST and KNMI computed model biases, averaging over 20 days (like 
for the Copernicus L4 product)

 NUIST applied these biases to obtain adjusted SCAT BUFR products

 ECMWF will run a SCAT* OSE and compare it to reference OSEs with 
(SCAT OSE) and without (noSCAT OSE) scatterometer data assimilation

 EUMETSAT MIDAS project result on scatterometer OSEs with the 
HARMONIE model also points to a very similar bias problem

 Geographically unbiased EU Copernicus Marine Service L4 OPS and 
ERA5 U10S hourly and monthly winds/stress are available

L4 hourly Copernicus Marine Service

L3 daily Copernicus Marine Service

https://nwp-saf.eumetsat.int/site/monitoring/winds-quality-evaluation/scatterometer-mon/scatt-monthly-monitoring/
https://www.ecmwf.int/sites/default/files/elibrary/2020/19545-causes-systematic-forecast-biases-near-surface-wind-direction-over-oceans.pdf
https://doi.org/10.48670/moi-00305
https://doi.org/10.48670/moi-00185


Meridional (v) model bias adjustment 

- Top: large v  first guess biases, both in runs with 
(OPS) / without (OSE1) ASCATs and HY2B used

- Bottom: ASCATB_SC is adjusted to OSE1 and not 
to ECMWF_OPS, while with small biases

- Top: large v  first guess biases, both in runs 
with/without ASCATs and HYB assimilated

- Bottom: ASCATB_SC is well adjusted to OSE1

- Top: large v  biases in ASCAT-B_SC as expected
- Bottom: ECMWF_OPS minus OSE1 is complement of 

ASCAT-B_SC minus OPS (on left)
- OPS FG biases adjust only a little to the scatterometers

SCATs assimilated No SCAT assimilated SCAT and FG differences
FG FG

FGFG FG



Zonal (u) model bias adjustment 

- Top: large u  first guess biases, both in runs with 
(OPS) / without (OSE1) ASCATs and HY2B

- Bottom: ASCATB_SC is adjusted to OSE1 and not 
to ECMWF_OPS, while with small biases

- Top: large u  first guess biases, both in model runs 
with/without ASCATs and HYB

- Bottom: ASCATB_SC is well adjusted to OSE1

- Top: large u  biases in ASCAT-B_SC as expected
- Bottom: ECMWF_OPS minus OSE1 is complement of 

ASCAT-B_SC minus OPS (on left)
- OPS FG biases adjust only a little to the scatterometers

SCATs assimilated No SCAT assimilated SCAT and FG differences
FG FG

FGFG FG



MIDAS conclusions
• HARMONIE 3-hour 4D-Var better than the widely used 3D-Var
• ASCAT improves the forecast skill both in 3D- and 4D-Var
• Tested data thinning distances, superobbing and observation 

error inflation  
• Particular effects on the v component
• Error inflation at full density similar to superobbing statistically 

(as expected in Stoffelen et al., 2020)
• Local model biases are substantial with respect to the 

innovations and violate the data assimilation BLUE paradigm
• Scatterometer winds are not effectively used to initialise 

dynamical weather features and model biases need to be 
accounted for to better exploit scatterometer winds in 
HARMONIE

This was a EUMETSAT study
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https://nwp-saf.eumetsat.int/site/download/documentation/scatterometer/reports/High_Resolution_Wind_Data_Assimilation_Guide_1.3.pdf


MIDAS conclusions
• 3-hour 4D-Var better than the widely used 3D-Var
• ASCAT improves the forecast skill both in 3D- and 4D-Var
• Tested data thinning distances, superobbing and observation 

error inflation  
• Particular effects on the v component
• Error inflation at full density similar to superobbing statistically
• Local model biases are substantial with respect to the 

innovations and violate the BLUE paradigm data assimilation. 
• Scatterometer winds are not effective to initialise dynamical 

weather features and model biases need to be accounted for 
to better exploit scatterometer winds in HARMONIE
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3Dvar

3Dvar

4Dvar

4Dvar

u10

v10

u10

v10

7 Feb – 15 Mar 2020 Median OSCAT – noSCAT FG



• Model Output Statistics is proven

• MOS is a successful application of 
ML in meteorology

• ERA*/OPS* biases clearly depend 
on MABL state, SST, currents, moist 
convection and dynamical closure

• Does MOS with ML work for 
ERA*/OPS*?

• If so, we might correct all ECMWF 
forecasts for weather, seasonal 
forecasting and climate predictions 
in coupled models . . .

Improve the forecast



Conclusions
• ML provides many regression options with varying skill, cost and 

diagnostics

• The last % improvement is the most costly in time/CPU
• It appears straightforward to provide scatterometer corrections that are 

better than the plain mean from scatterometer sampling

• The ML improvements have skill beyond the training set and period

• Signs of overfitting appear
• Should we develop the best statistical ML ERA* and/or the best 

physically-based ML ERA* (which can be directly exploited in model 
development)?

• Further look at spatial maps, spatial derivatives, etc.

• There will be a follow-on OSI SAF study and EUMETSAT fellow . . .



What do we really on ocean currents?

Belmonte Rivas and Stoffelen (2019)
MOMS KO

 Copernicus Marine Service ocean currents typically reach 20 cm/s

Belmonte Rivas & Stoffelen, 2019

https://doi.org/10.5194/os-15-831-2019


What do we really know?

Belmonte Rivas and Stoffelen (2019)
MOMS KO

These currents 
generally 
deteriorate 
the 
deterministic 
differences 
between 
scatterometer 
and ERA5 
model

Variances on 
m/s level, not 
cm/s

MKE before correction EKE before correction

MKE after correction EKE after correction

2016Belmonte Rivas & Stoffelen, 2019

https://doi.org/10.5194/os-15-831-2019


What do we really know?

Belmonte Rivas and Stoffelen (2019)
MOMS KO

Errors 
increase after 
correction, 
while they 
appear closer 
associated 
with the 
currents

Again, 
variances on 
m/s level, not 
cm/s

∆f before correction ∆f after correction

∆∇xτ before correction ∆∇xτ after correction

2016

Belmonte Rivas & Stoffelen, 2019

https://doi.org/10.5194/os-15-831-2019


We really know very little on ocean currents

MOMS KO

 No direct current measurement system exist yet

 Geostrophic measurements appear unable to inform small-scale 
currents 

 Much ocean motion is generated by the wind, which changes rather 
fast, hence collocated measurements of wind and current are very 
beneficial

 Seeing only large-scale currents will be useful to correct coupled 
atmosphere-ocean models on a timescale of months to years

 Today’s stated requirements appear more based on goals than on 
thresholds or breakthroughs

 With support from the ocean current community we seek 
thresholds and breakthroughs for ocean current capability for 
DopSCA



Conclusions
• Model biases of 10-m stress-equivalent wind (U10s) are substantial with respect to observations; 

corrected hourly ERA5 and OPS L4 winds are available in the Copernicus Marine Service
• Scatterometers can map out the rather stable spatial biases in mean and variance well
• Biases prevent effective data assimilation (BLUE paradigm)
• Experiment with ECMWF o-b bias correction in progress by adjusting scatterometer BUFR data
• Biases also prevent effective scatterometer data assimilation in HARMONIE (EUMETSAT MIDAS)
• U10s biases in mean and variance affect ocean forcing and hence air-sea coupling and earth 

system dynamics (ocean is 70% of the earths’ surface)
• EUMETSAT awarded a fellow position at KNMI/ICM/ECMWF to address data assimilation, ocean 

forcing and physical causation of biases
• EUMETSAT OSI SAF visiting scientist Evgenia Makarova at ICM employs Machine Learning based 

on model parameters to predict the biases (MOS)
• Each scatterometer may contribute a few % in the reduction of the forecast errors and with 7 

complementary scatterometers, it may be a worthwhile investment to improve their assimilation 
by addressing remaining problems, of which model biases is a prominent one

• Furthermore, scatterometers can be well exploited to (much?) improve the coupled model 
dynamics at the air-sea interface
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Further 
reading . .

Services:
scatterometer.knmi.nl
osi-saf.eumetsat.int
marine.copernicus.eu
ESA Aeolus DISC

https://osi-saf.eumetsat.int/
https://marine.copernicus.eu/
https://earth.esa.int/eogateway/activities/aeolus-disc
https://scholar.google.com/citations?view_op=list_works&hl=en&hl=en&user=zp-GTE8AAAAJ&sortby=pubdate




Brief Introduction of Datasets
 ASCAT-B 25km NRT
 ASCAT-C 25km NRT

 HSCAT-B 50km NRT (NOC: +0.62(HH), -0.63(VV))
 HSCAT-C 50km NRT (NOC: -1.17(HH), -1.32(VV))
 HSCAT-D 50km NRT (NOC: -0.34(HH), -0.12(VV))

 HSCAT-B 50km Rep01 (new NOC: +0.71(HH), -0.41(VV))
 HSCAT-C 50km Rep01 (new NOC: -1.01(HH), -1.11(VV))
 HSCAT-D 50km Rep01 (new NOC: -0.26(HH), -0.14(VV))

 HSCAT-B 50km Rep02 (new NOC: +0.52(HH), -0.56(VV))
 HSCAT-C 50km Rep02 (new NOC: -1.19(HH), -1.26(VV))
 HSCAT-D 50km Rep02 (new NOC: -0.45(HH), -0.30(VV))

 NWP data are taken from BUFR files, i.e., the same as NRT processing used!
 Time period: Dec. 01, 2021 ~ April 30, 2022
 SST data are taken from ERA5 at analysis time.
 NSCAT-4ds.hy2 GMF was made using CDF matching tech. based on collocated ascatb and hscatc+d winds
 New NOC was calculated using NSCAT-4ds.hy2 GMF and NWP winds contained in BUFR files.

 NSCAT-4ds GMF
 SST Corr.
 -mixqc (new rain QC)

 NSCAT-4ds.hy2 GMF
 SST Corr.
 -mixqc



HSCAT-B NRT HSCAT-B Rep01 HSCAT-B Rep02



HSCAT-C NRT HSCAT-C Rep01 HSCAT-C Rep02



HSCAT-D NRT HSCAT-D Rep01 HSCAT-D Rep02



Wind direction bias Wind speed bias

ASCAT-B
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ASCAT-C



HSCAT NRT HSCAT Rep01
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Collocated
ASCAT and HSCAT winds

Time diff. ≤ 45min

 Spatial distance ≤ 50*0.7071km

HSCAT Rep02

- NWP Ocean Calibration (NOC) - Improve rain QC
- NOC
- Improve Geophysical 

Model Functions



Verifying with ECMWF winds

HSCAT NRT HSCAT Rep01 HSCAT Rep02

ASCAT NRT
 It is clear that: HSCAT Rep02 is better.
 Wind speed dependent wind seed biases are reduced, 

and the curves of HSCAT become more similar to 
ASCAT curves.



HSCAT-B NRT HSCAT-B Rep01 HSCAT-B Rep02
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Q
C

 R
at

io rejected

0.97

 Less rain QC, better wind quality



HSCAT-C NRT HSCAT-C Rep01 HSCAT-C Rep02
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HSCAT-D NRT HSCAT-D Rep01 HSCAT-D Rep02

42


	How to live with model biases ?
	Golden age of Scatterometry (WMO OSCAR)
	Satellite Wind Services
	ASCAT scatterometer calibrations
	Quality Control and ocean winds
	Dianummer 6
	Model bias correction in NWP data assimilation
	Model bias correction in NWP data assimilation
	Global NWP gap for small scales
	Spatial derivatives of wind and stress fields
	Dianummer 12
	In only 50 minutes
	Processes at the air-sea interface
	High resolution
	Dianummer 16
	Dianummer 17
	Dianummer 18
	Dianummer 19
	Meridional (v) model bias adjustment 
	Zonal (u) model bias adjustment 
	MIDAS conclusions
	MIDAS conclusions
	Improve the forecast
	Conclusions
	What do we really on ocean currents?
	What do we really know?
	What do we really know?
	We really know very little on ocean currents
	Conclusions
	  Further �            reading . .
	Dianummer 32
	Dianummer 33
	Dianummer 34
	Dianummer 35
	Dianummer 36
	Dianummer 37
	Dianummer 38
	Dianummer 39
	Dianummer 40
	Dianummer 41
	Dianummer 42

