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Outline

! Fundamentals	of	CDA

! Estimation	of	error	statistics

! Quantification	of	chemical ozone	loss

! Forecasting chemical composition

! Facilitate satellite/data	intercomparison (Quentin	talk)

! Interaction	with NWP	(more	to	be said in	this workshop)
• ozone	radiation	interaction
• tracer-wind estimation



·Initial	error	covariance
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Fundamentals	of	CDA

Underlying physical law in chemical composition is mass conservation, 
or relative mass (mixing ratio) 
takes the form of the advection equation 0=∇⋅+
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Seminal observation made by Roger Daley in 1995 (result not published)

Error covariance evolution under advection 
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Underlying physical law in chemical composition is mass conservation, 
or relative mass (mixing ratio) 
takes the form of the advection equation 0=∇⋅+
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Error covariance evolution under advection 

There	is	no	advection	of	error	variance	with
meteorological data	assimilation,	 the	error
variance	and	error correlations are	linked
and	inseparable



Transport of errors and its spatial covariance (Cohn 1996)
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in	particular the	error variance	is conserved along the	trajectory
or	obey the	advection	equation
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Relative	error	formulation



Has been applied to 3D CTM of long-lived species in
- Stratosphere (UARS, GOME, 

flight planning) 
- Troposphere (MOPITT)
also to multispecies, and to
- humidity in the troposphere

Sequential	filter					 (Menard et al. 2000, Khatattov et al. 2000, Dee 2003, Eskes et al. 2003, 
Marchand et al. 2004, Rösevall et al. 2007, van der A et al. 2010)
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Using a Choleski decomposition 
(small matrices ~ 2000 or less ) 
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where pi is the column of Pf

associated with xi we get the 
analysis error variance
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Data	assimilation	methods	for	atmospheric	composition

Sequential	filter					

EnKF vs		4D-Var					

* )#".(4"&30/$&*1",4*)%9(4,"

Comparison EnKF-4DVar	tracer	(O3	assimilation)
Skachko et	al	2014	GMD
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Error	statistics
Necessary and sufficient conditions to have the true error covariances in observation space 
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Estimation	of	scaling factors α (obs)		and		β (background)	
using the	Analysis Increment Method	(Desroziers et	a.	2005)
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Estimation	of	scaling factors α (obs)		and		β (background)	
using the	Variational Method	(Desroziers and	Ivanov	2001)
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Observation	error	adjustable	parameter

Model	error	adjustable	parameter

:6P*&3P(0,"*1O"?[=K"$)"9409*4*,$()C

Estimation	of	observation	error and	model	error variances	in	an	EnKF
:=C"F+%04G*,$()"044(4'%$)H,30"Analysis Increment Method	
:?C";(#01"044(4'%$)H,30"X2 #$*H)(%,$&
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• F)0"G*1'0"(."/(#01"044(4"G*4$*)&0".$,%"*11"%90&$0%"*%%$/$1*,$()
• ;$102%P$*)#" f('4N'$ :?[==@?[=EC".(')#" ,3*,"/(#01"044(4"$)"*"
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we could take it one	step further and	estimate the	full	observation	error covariance,	
Or	practically estimate the	error variance	at	each levels and	
and	estimate observation	error horizonal and	vertical	correlations
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Using	an	accurate	transport	model
A B4*,304""?-"$%0),4(9$&
A Z04,$&*1"'92$)#"%&30/0"#4$G0)"+7"#$*+*,$&30*,$)H"

Estimation	method
• >%,$/*,0%"(." ,30"chemical (X()0"1(%%
• g(,",$0#",("*)7",340%3(1#"G*1'0"

:D(%0G*110,"*1O"?[[Q@"6*H$"0,"*1O@"!RB"?[=IC

ODIN	SMR	limb	measurements

Ozone	loss estimation		- A	problemof	model	bias estimation
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Chemical	ozone	loss		- vortex	mean	average	(70- 90	equivalent	latitude	s)

Antarctic	ozone	loss		- from	December	1st

Arctic	ozone	loss		- from	August	1st
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Interpretation	and	equivalence	of	the	method		:;<)*4# *)#"6*H$@"2(4P"$)"94(H40%%C"
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de GrandprŽet al., Mon. Wea. Rev., 2009 :
¥ MIPAS assimilation of ozone  ® big improvementof T forecast skill in lowerstrato:

Anomaly	Correlation,	N.H.	(20°N-90°N),	20030811	- 20030905

Ozone-radiation	impact	on	NWP	
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CH4 O3

N2O Together
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Tracer-wind	using	4D	Var in	an	NWP	model	



Wind	increments	from	TOVS	and	chemical	species	are	of	comparable	magnitude	
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Problem	with	the	stratospheric	experimental	version	of	the	model	GEM	
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Perspectives	on	stratospheric	applications
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The	end
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