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Task 2.5: Research towards development of  
fully coupled data assimilation methods  

Keith Haines Reading University 
	(1)    Analysis and inter-comparison of coupled error covariances (MetO, UREAD) 

• Objective: to assess strengths and weaknesses of weakly coupled data assimilation 
schemes, and to develop techniques for calculating coupled error covariances.  
• Investigate and assess case studies of particular coupled phenomena, and develop 
methods and carry out the calculation of coupled covariances using the outputs of weakly 
coupled DA systems (eg. CERA).  

(2)    Model bias correction in coupled data assimilation (UREAD) 

• Objective: development of bias correction methods explicitly designed to achieve more 
balanced atmosphere and ocean states as part of a coupled reanalysis system.  
• Develop new advective approaches for correcting ocean biases in the tropical 
thermocline and mid-latitude boundary currents which are critical for atmospheric 
responses. New approaches will also be tested to reduce coupled model drifts in wind 
stress, buoyancy fluxes, and ocean thermocline.  

(3)    Fully coupled data assimilation in simplified model systems (INRIA) 

• Objective: to explore advanced methods for fully coupled data assimilation, using the 
ECMWF OOPS framework.  
• Develop the methodology by which some aspects of fully coupled data assimilation will 
be implemented. Investigate possibility of controlling the interfaces between the different 
components of the coupled system together with their initial conditions. Use a simplified 
coupled system in the OOPS framework, which would allow its extension to a realistic 
framework.   



UREAD:	Deliverables	
•  D2.8	 	Report	on	strengths	and	weaknesses	of	weakly	

coupled	data	assimilaPon	methods	for	Earth	system	
reanalysis.	 	 	 	 	 	UREAD	18		

•  D2.9	 	Report	on	techniques	for	calculaPng	coupled	
error	covariances	from	outputs	of	a	weakly	coupled	data	
assimilaPon	experiment.	 	 	METO+UREAD	18	 		

•  D2.10	 	Report	on	assessment	of	coupled-model	driX	and	
approaches	for	obtaining	consistent	ocean	and	atmospheric	
bias	correcPons.	 	 	 	 	UREAD	34	+12	=46	

•  	 	
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•  Atmosphere	(4DVar)	+	Ocean(3DVar+FGAT/Direct	Ins.)	

	

	

				

AN(start=21hr)	–	FC(start=18hr,	lead=3hr)	

•  SST	
	
	
	
	
	
	
AN(start=21hr)]		+		heat	flux	nudging(21hr	–>	(21hr+1d))	–	FC(start=18hr,	lead=3hr)		
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Due	to	sublayer	ocean	DA	and	feedbacks	of	atm	DA									Due	to	SST	relaxaPon	

Increment Calculations 



Mean	Atmosphere	increments	Dec	2010:	T2m	and	10m	wind		
	 2m	temperature		 10m	wind	speed	 Mean	over	Dec	2010	

‘g541’	CERA-20C	
test	

SST	increments		

Total	
amount		

Due	to	ocean	DA	 Due	to	heat	relaxaIon		

•  Li9le	changes	when	
‘g6gm’	CERA-Sat	test	
data	used.	



CorrelaIon	between	detrended	SST	and	atmosphere	increments	

When	using	increments	from	‘g541’	over	longer	period	(2	years)	



Further	covariance	work	

•  Check	CERA	increments	
•  InvesPgate	whether	CERA	InnovaPons	
calculable	

•  Increment	and	InnovaPon	coupled	
covariances	

•  Comparison	with	Met	Office	results	
(preferably	equivalent	period)			



						Bias	CorrecIon	and	impact	on	
forecasts	
•  Equatorial	bias	correcPon	is	necessary	to	reduce	spurious	

circulaPons	in	ocean/coupled	analysis	
•  Not	acPvated	in	CERA	currently	

T	increment	100m,	ORAS4	–	ORAS4_nobc		
and	Nino3	profiles	incl.	CERA	

U	increment	100m,	ORAS4	–	ORAS4nobc	
and	Nino3	profiles	incl.	CERA	

Mean	Nino3	profile	increments.	T	and	U	



	 	Coupled	Hindcast	Experiments	
•  System:	IFS-40R3(ERA-I)	+	NEMO3.4(ORAS4/nobc)	
•  16	start	dates	(1980-2009	all	4	seasons);	5	member	

ensembles;	7-month	forecasts	
•  Sudden	absence	of	bias	correcPon	in	forecasts	excites	

oscillaPons	in	Eq.	Pac.	(Mulholland	et	al	2015)	
•  Non-linear	interacPons	within	forecasts?	

Increase	in	20C	depth	temporal	variability,	
ORAS4-init	–	nobc-init,	days	1-15	 Nino4	20C	depth	frequency	spectrum	

5 day peak 

bc 
nobc 

30-day forecasts 



•  BC	affects	SST	forecast	skill	aXer	a	few	months	
–  	nobc-init	performs	beker	in	areas	where	significant	
seasonal	skill	exists	(esp.	E	Pacific)	

SST	ACC	at	5	months’	lead,	nobc-init	–	ORAS4-
init;		
hatching	where	either	∆ACC	is	>0.5	

Nino3	SST	ACC,	months	1-7.	
nobc-init	skill	is	higher	at	95%	
significance	in	months	5-7	

bc 
nobc 



•  Forecasts	iniPalised	from	ORAS4	but	persisPng	bias	
correcPon	=>	decreased	shock,	slight	increased	skill	(ACC)	
–  Prevents	spurious	oscillaPons	in	
west	Pacific	thermocline	

Nino4	20C	depth	forecast	]me	series,	
showing	ORAS4-init,		
nobc-init,	pers-bc	and	ORAS4	(dashed)	

SST	ACC	at	5	months’	lead,	pers-bc	–	ORAS4-init;		
hatching	where	either	∆ACC	is	>0.5	

bc 
nobc 

bc persisted 



	 	Damped	BC	:	Linear	ramp	to	nobc	over	20	days	
–  Thermocline	oscillaPons	sPll	mostly	prevented	
–  Nino3	SST	ACC	skill	highest	of	all	cases	

•  Likely	to	work	beker	with	CERA-iniPalised	forecasts	as	(wind)	driXs	
are	slower	

•  Pressure	bias	correcPon	in	CERA	with	slow	removal	in	forecast	may	be	
the	best	approach	

Nino3	SST	ACC,	months	1-7	
damp-bc	(green)	skill	is	signif.	>	ORAS4-init	

Nino4	20C	frequency	spectrum	
Spurious	peak	is	avoided	in	both	
pers-bc	and	damp-bc	

bc 
nobc 

bc 
nobc 



persbc-init	–	nobc-init	(fc	month	1)	W	daily	st.	dev.,	10m	and	100m	depth	
(i.e.	W	st.	dev.	Ini]alised	from	ORAS4	minus	ini]alised	from	ORAS4_nobc)	
	
8	date	(4	season)	average.	Higher	variability	along	equator	but	why	the	
N/S	pa9ern?	

Persbc-init	–	nobc-init	fc	day	1-10	means	
Bias	corr	clearly	affects	upwelling	along	equator.	

Forecast	W	results	(surprising?)	



Further	bias	correcPon	work	

•  Need	further	tesPng	as	looks	v.	important	
•  Larger	set	of	hindcast	start	dates	
•  Test	duraPon	of	improved	skill		
•  Extend	bias	correcPons	to	CERA	system	

– Variability	of	20C	isotherm	depth	
– Test	different	bias	correcPon	methods	(eg.	MetO	
are	tesPng	more	temporal	variability	in	bc)	

– Hindcasts	from	CERA	iniPal	condiPons!	


