Added-value of chemical data assimilation
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Outline

' Fundamentals of CDA

| Estimation of error statistics

I Quantification of chemical ozone loss

| Forecasting chemical composition

| Facilitate satellite/data intercomparison (Quentin talk)

| Interaction with NWP (more to be said in this workshop)

e ozoneradiation interaction
* tracer-wind estimation



Fundamentals of CDA

Underlying physical law in chemical composition is mass conservation,

or relative mass (mixing ratio) du
takes the form of the advection equation a—t +V-Vu =0

Seminal observation made by Roger Daley in 1995 (result not published)

Error covariance evolution under advection
j == j =k _/ =N

wlnitial error covariance
P = |P1> P>, "'9pNj
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Fundamentals of CDA

Underlying physical law in chemical composition is mass conservation,

or relative mass (mixing ratio) 0
takes the form of the advection equation E +V-Vu =0

Seminal observation made by Roger Daley in 1995 (result not published)
Error covariance evolution under advection
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P'=M(MP)'

There is no advection of error variance with
meteorological data assimilation, the error

variance and error correlations are linked i=n
and inseparable advection of error variance !




Transport of errors and its spatial covariance (Cohn 1996)
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R(G*4%$*)&flinction P(X(,X,,1) = <51(X1:t) gz(Xzat)> with x, =(x,,») and x, =(x,,,)
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in particular the error variance is conserved along the trajectory

or obey the advection equation 2l
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(Menard et al. 2000, Khatattov et al. 2000, Dee 2003, Eskes et al. 2003,

Sequentlal filter Marchand et al. 2004, Rosevall et al. 2007, van der A et al. 2010)

J3$%"044(4" G*4$*)&0"0G(LGS$)H" %&30/0"2$,3"™" $TOH#" 044(4" &(4401*,$()" $%"P)(2)
130"%0N'0),$*1".$1,04":(4"%'+(Q811) .$1,04C

Has been applied to 3D CTM of long-lived species in

- Stratosphere (U ARS’ GOME’ Assimilated Ozone, ppm Analysis Error, % MLS Measurements, ppm
flight planning) 7 - “oS

- Troposphere (MOPITT)

also to multispecies, and to

- humidity in the troposphere

USll’lg aChOICSkl decomp081t10n [ UNEERRRREEER [ ANERERREEERER | [ UNERRRREEERER |
(Small matrices~2000 OI'ICSS) 0123456789101l ppm 0 2 4 6 8 10 12 14 16 % 01 23 45 6 78 91011 ppm

and
vi(x,) = Vf(xl.)—pl.T(HPfHT +R)_1pl.

Assimilated Ozone, ppm Analysis Error, % MLS Measurements, ppm

where p;is the column of P/
associated with X, we get the
analysis error variance

L________UREREREREEEES | L URERERREEEREE | L URERERRREERES |
0123456789101 ppm 0 2 4 6 8 10 12 1416 % 01 23 45 678 91011 ppm
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Data assimilation methods for atmospheric composition

EnKF vs 4D-Var Comparison EnKF-4DVar tracer (O3 assimilation)
Skachko etal 2014 GMD
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Error statistics  <AH@" D:6"?[=KC

Necessary and sufficient conditions to have the true error covariances in observation space

*C HK =HK ,30"H*$)"$%"ON*1",("\8D/%) H*$)
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Desroziers scheme ﬁ = <(O - A4)(0 - B)T>....(1) where 4; is the analysis interpolated
in the observation space and derived

HB1+1HT <(Ai -B)(O-B) > {(2) from i-th estimates, R and HB H'
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Estimation of scaling factors a (obs) and B (background)
using the Analysis Increment Method (Desroziers et a. 2005)

a, = (0= A, BO-B)") B, = tr{(A(e.,)-BYO-B))
>T*/9102$,3 H= I J40 0%,$/*,0%™ b Ve V'=""

a) Correctly specified error correlations b} Misspecified error correlation
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Estimation of scaling factors a (obs) and B (background)
using the Variational Method (Desroziers and lvanov 2001)

0 J7(x%)

Y Lir[1-HK(s?,s7)]
2 i 2%
>T*/9102%,3 H=1

a) Correctly specified error correlations

_ J"(x%)
L o{HK(s?,s)]

J4'0 0%,%/*,0%a™ b Vvt v"'=""

b Misspecified error correlation
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Estimation of observation error and model error variances in an EnKF

:=C"F+%04G*,804(4%3$)H30Analysis Increment Method

:?2C";,(#01044(4%9$)H30'X2 #$*H) (%, $&
:6P*&3PQ,"*10"?[=K'SB)09*4* $(IC

Observation error adjustable parameter

N2 T
Rk(/,j) — { g U}’(/)|k) ) lij#j (1)

where

@ r, adjustable observation error parameter

@ oy (i), i-th observation error at time k provided by retrieval
feam
Model error adjustable parameter
@ Approximated using ensemble

@ Model error term is considered
X (1) = M(X3(ti—1)) + on(te), i € [1,N]
@ «, adjustable background error parameter
e added in the model space at each time step

E?



y°-test (Ménard and Chang (2000))
v2 =dT(HBHT + R)~'d:
@ Stable

@ Around 1 when normalized
with m, number of obs

@ Defined by values of v and r

===[0=0.025.r=1] |
— [=0.025. 1=1.65]|

[a=0. 1I=1]

i ') H
.0-“ ] s P

(177 Y (]

: A 4.4:‘{" 'o_\yl'r' f
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Empirical value of « is found
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<x*? /m>. Period: 20080501-20081101
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@ Empirical o = 0.025 /(#01"044(4"G*4%$*)&0"9*4*/0,04C
@ 1 is not calibrated
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@ Estimation of r:

r? = ((0-A)O-B)T /o))

<X2 / m> using estimated obs.error

<x* /m . Period: 20080501-20081101
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Estimation of parameter r

Estimated r. Period: 20080501-20081101
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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




Ozone loss estimation - A problem of model bias estimation
:D(%0G*A1*10"?[[Q@"6*H$"0,"*10@"IRB"?[=IC

ODIN SMR limb measurements

To separate ozone variation into “transport”
and “chemical” processes

Location of measurements 2010-01-31

Active O3 :Transport + Assimilation

03\

|t ll\lov. | st Pec. 3]st IMar‘.

L] .
preparation period

Passive O3 :Transport (Free Running the model)

O3loss = O3active - O3passive

Using an accurate transport model
A B4*,304™7?-"$%0),4(9%&
A Z04,$&*1™M929)#" %&30/0"#4$GEHHH, $&0* $)H"

Estimation method
© >%,$/*,0%"(.",36Hemical (X()0"1(%%
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Chemical ozoneloss - vortex mean average (70- 90 equivalent latitude s)

Antarctic ozone loss - from December 15t
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Interpretation and equivalence of the method :;<)*4# *)#'6*H$@"2(4P"$)"94(H40%%

o J30"#$..040)&0" +0, 2000 """ ¥ 1 79%$I6E " F Q' A0" 4%)UHE, CI 506, 30"
A%)9%9(4," (") 17%$%"$)&40/ONYo= x° - x

n

n-1
a T a
X —X = EMn’n_p Axn_p
p=0

230407 $%",30"/(#01",4*)%9(4,".A(#H-H/Q(™'n O

n,n—p
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Interpretation and equivalence of the method :;<)*4# *)#'6*H$@"2(4P"$)"94(H40%%
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p=0
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Forecasting chemical composition
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Ozone-radiation impact on NWP

de GrandprZet al., Mon. Wea Rev, 2009 :
¥ MIPASassimilation ofozone ‘: bigimprovementof T forecast skill in lower strato:

Anomaly Correlation, N.H. (20°N-90°N), 20030811 - 20030905
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The LINOZ scheme (McLinden et al., 2000)

J(P-L) J(P-L) Jd(P-L)

d—":(P—L)|"+ =7 (T-T°)+

dt

o
(€,, —Co3)-

o

C

o3

‘(q—qﬂ+

qis the ozone volume mixing ratio, 7'is the temperature, C,; is the
column ozone above the level “I”, Pand L are the production and
loss terms and q,,, 7, and C°,4 are climatological parameters. The
partial derivatives coefficients have been pre-computed using a
photochemical box model and are read as lookup tables in the
GEM NWP model.

— _ RMSE --- LINOZ
----- BIAS "oF ]
osf f Ozone (ppmv)
Forecast verification e ] 50 hPa
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Forecast verification against analyses
f5D'h""R(/94030)%$G0"&30/$%,47
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Tracer-wind using 4D Var in an NWP model
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Wind increments from TOVS and chemical species are of comparable magnitude

TOVS O,, CH; and N>O
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Figure 14.14 Wind increments at 10 hPa obtained from TOVS and chemical
species when simultaneously assimilated in 4D-Var.
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Problem with the stratosgh?rlc xperlmerFst alv 1ersi8nT ?thhe model GEM
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V(4dv_dyn+chem)-UV(4dv_dyn)_15aug-050ci2003(m/s)  K! (m2/sec) = FMR22i01 — Oct 1st,
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Perspectives on stratosphericapplications
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The end
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