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Chemical Data Assimilation (CDA)

CDA for reanalysis
* integrate multi-species from multi-sensors
e resolve sampling issues

CDA to estimate ozone loss
e discriminate transport effects from chemistry effects

CDA to capture poorly modeled processes
e capture production and transport (descent) of NO,

CDA as an initial value estimation
e Stratospheric ozone forecast

CDA coupling to NWP
e Weak coupling: ozone-radiation interaction
e Strong coupling: tracer observations to determine winds



Core CDA system for the project

Belgium CTM with 4D-Var full chemistry,
EnKF tracer,
EnKF full chemistry

Optimality tuned error statistics
In observation space : x2 , Desroziers,
In model space : NMC, Perturbed assimilation cycles (Fisher 2003)

Share same elements as the Canadian meteorological DAS
e Non separable spectral error correlations
e Observation perturbation EnKF

Sequential filter — tracer using Prather scheme

Canadian NWP model GEM with 3D-Var. Linearized ozone chemistry
Belgium CTM chemistry



Improvement in error covariances

e spectral error covariances (non-separable)

e tuning of the error variances

(a) run DIAG [DU]

(b) run CORREL [DU]

Fig. 6. Total ozone in the Southern Hemisphere on 1 October 2003 obtamned by the runs D

Total Ozone Measurement Satellite (TOMS) (c), i1 Dobson unit (DU).
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Fig. 5. Time series of the ozone partial column (10-100hPa) be-
tween August and October 2003 obtamed above three NDACC sta-
tions in Antarctica by the ozone sondes (black circles), and the runs
DIAG (red line) and CORREL (blue line), in Dobson unit (DU).



Belgian Assimilation System for Chemical ObsErvations — Var (BASCOE-4Dvar)

BASCOE e 4D-Var system dedicated to stratospheric chemical observations

* CTM including 58 species, ¥200 chemical reactions, PSC
parameterization

* B matrix: Homogeneous and isotropic correlations (Courtier et al.,
QJRMS, 1998; Errera and Ménard, ACP, 2012)

* Source of Mesospheric NO, NOT modelled

Dynamic * ECMWF ERA-Interim

Resolution 3.75° long x 2.5° lat x 37 levels (surf. to 0.1 hPa) x 30 minutes

Assimilation 24h starting at 0Z

window

Runs * Assimilation of MLS & MIPAS/ESA: April 2007 — April 2012



Assimilated data in REANO1

Families MLS MIPAS SCIA GOMOS SMR OSIRIS
2004-present 2002-2012 2002-2012 2002-2012 2001-present | 2001-present
X X X X X X

Onygen a3
= | H20 X X X
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2| CH4 X
4
| oH X
N20 X X X
HMNO3 X X
S
E NO2 X X X X
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2 | Hodl N/A x (IMK/IAA)
(]
HCl X
Bromine | BrO N/A X
CEC11 . In green: assimilated data
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& | CFC12 X
N/A: data available but not suited for assimilation




Improving REANO1 ( towards REANO2 )

Comparison of CDA when assimilating different instruments
e MLS and MIPAS
e N20 and CH4

Importance of

e B-background error covariance. Has been re-estimated
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Background differences
the background differences have the same correlation

structure as B but twice the error variance
e Averaging kernels



Impact of Averaging kernels and calibration of B : N,O MIPAS

N,O analysis at 100 hPa for different config of BASCOE
=> AK and calibrated B are important

N2O [ppmv] on 20080615 around 100 hPa N2O [ppmv] on 20080615 around 100 hPa
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Pressure [hPa]

Time stability of reanalysis: Assim N,O MIPAS vs Assim N,O MLS

 Time series of reanalysis is “noisy” at some dates
e This noise is due to noisy MIPAS data 10°

BASCOE Daily Mean N20 [ppmv] between [30S,30N]
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Pressure [hPa]

Impact of averaging kernels for CH, MIPAS

CH4 profile on 2008-04-01
at 0.2 Lat, -61.9 Lon

— CTM without AK

— CTM with AK
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CH4 [ppmv]

N,O-CH, correlations in 2010 between 30°S-30°N

Using AK and calibrated B, correlations are much compact, in particular in the
lower stratosphere

Better agreement with ACEFTS
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BASCOE — EnKF

EnKF e Using same CTM and framework as BASCOE-4DVar

e Observation perturbation method (Houtekamer and Mitchell 2001)

with additive model error

Comparison EnKF-4DVar tracer (O3 assimilation)
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Orone at 54 hPa on Sep 15, 2008

4D-Var [ppmv] EnFK [ ppmv]
- e

40-Var - EnkF [ppmv]
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Sep 2008 ozone montlhy mean at 54 hPa
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Assimilation of ozone as passive tracer transport, using the same input errors and with model
error the EnKF and 4D-Var solutions gives nearly identical O-P zonal statistics, but the EnKF
analyses are somewhat smoother than the 4D-Var analyses
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BASCOE - EnKF
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Emerging new methodology using limb sounding measurements

(Rosevall et al. 2007, Sagi et al., ACP 2014)

ODIN SMR limb measurements

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

Lacaban of measwrements 2010-01-31

Active O3 :Transport + Assimilation

st st st
| Il\lov. | Pec. 03\ 315t Mar.

L]
reparati iod
g onpen Passive O3 :Transport (Free Running the model)

OSEoss = OSactive - 031;&5.53’1}&

Using an accurate transport model
- Prather 2D isentropic
- Vertical upwind scheme driven by diabatic heating

Estimation method
e Estimates of the chemical ozone loss

17



Chemical ozone loss - vortex mean average (70- 90 equivalent latitude s)

Antarctic ozone loss - from December 15t
2008

e

45 60 75 90
1-0.4

0 15 30 45 60 75 9630 —5 0 15 30

Arctic ozone loss - from August 15¢
2008

60 75 90-30 -15 O

Another method based on analysis increments (and thus does not requires accurate
18

long-range transport is under development

VMR [ppm]



Energetic particle precipitation impact on the middle atmosphere

: _Solar-'Magnetosphere Energy

Low=energy particle’s
precipitate at high altitude

Energetic particles
produce NO
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EPP produces NO, continually, but transport
downwards into stratosphere involves interplay
with dynamics

e EPP contribute up to 10% of the stratospheric budget (40% polar regions)
 Not well modeled by comprehensive models

e EPP-NOXx interfere with catalytic cycles involving O,

e Changes in O, can lead to changes in temperature and predictability




Can we assimilate when there is model error bias
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de Grandpré et al.,, Mon. Wea. Rev., 2009 :

MIPAS assimilation of ozone

big improvement of 7forecast skill in lower strato:

-1_

Anomaly Correlation, N.H. (20°N-90°N), 20030811 - 20030905
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Forecast verification against analyses
BIRA: Comprehensive chemistry
LINOZ: Linearized chemistry

FK : Ozone zonal monthly climatology

—RMSE - BIRA --- LINOZ
----- BIAS ]
a Ozone (ppmv)
s ] 50 hPa
: § (NH)

Forecast length (days)

Temperature (K)
50 hPa
(NH)
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Forecast verification against analyses
BIRA: Comprehensive chemistry
LINOZ: Linearized chemistry

FK : Ozone zonal monthly climatology

We have improvement 50 hPa and higher up. But lower down
at 100 hPa - the reverse is observed

Temperature 100hPa N. Hemisphere

B ! ! T ! T T ! I I T I T I ! I I

Bias and RMS error level (K)

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Forecast length (days)

No clear why.? MIPAS observations at 100 hPa.
Other radiative processes cancellation of errors
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Latitude (degress)

Latitude (degrees)

Tracer-Wind using 4DVar: increment from different species
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Latitude (degrees)

Wind increments from TOVS and chemical species are of comparable magnitude

TOVS
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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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The strong coupling DA between chemistry-tracer and meteorology
has introduced a temperature bias that increases in time
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Summary and outlook

e The CDA methodology is improving. A more effective
use of observations can be achieved by improving error covariances,
adding retrieval consistency in the observation operator, and
quality control, we are thus moving towards an effective
multi-species multi-instruments integration
that can be useful to address science question
e Methodologies based on CDA are being developed to estimate
missing processes (e.g. ozone loss).
e Coupling with NWP
O Ozone —radiation interaction have been shown to have an impact
on lower stratospheric temperatures on the meteorology
with a linearized chemistry scheme. However the improvement
is not seen in LS/UT region so further work need to be
conducted to improve medium-range NWP
O Tracer-wind. Analysis increment on winds are consistent and significant
(compared with increments due to temperature observations). However,
temperature biases develops over time.



Papers in preparation

Added-value of stratospheric chemical data assimilation. An overview.
BAMS ?. Menard et al.

Reanalysis of stratospheric chemical composition based on MIPAS N20 and
CH4. ACP. Errera et. al.

The long-term study of polar ozone loss observed by Odin/SMR.
ACP. Sagi et al.

Evaluation of modelled ozone in the upper stratosphere and lower mesosphere
with a state-of-art chemistry transport model. ACP. Skachko et al.

Comparison of EnKF and 4D-Var data assimilation systems of multi-species
chemistry transport model. GMD. Skachko et al.

Ozone predictability in a numerical weather prediction model. De Grandpré et al.
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* T is more than one week, below 10 hPa
e T >oneday, below 4 hPa
for mid and lower stratosphere we can treat ozone as a tracer
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Diagnostics — multiple sensor

ACE-FTS yr 2008 2506 Aura MLS day 1.2 GRS day 3 c'l.:l.l HALDE yr 1584, 1885
=0 = — ———
- .‘.‘:I.'.'r':'--. -':.'
L :\\ Y s : 3
. || | | W 1!1!1!lllll|l|l| A
§ 3’; b ﬁ ||||||||||||||||”| |.|Fr I"’I‘r!‘r'l-ifz'}lr“;l‘rl
=] b ||'.b|r.||||| inlul A I I
2 _a b .Hll..m...,...IIIIHI"I' II II- T r LT HERLY
di v dsdodndsdarssnangagsqs: I
-":K.I J LRI ] T S Hlﬁlilll ) 1 a Ll.q H EH‘
=0 —_—

g 4 & B W T -E0-1En -6 0 BOTED TERIB-1ED - o s V20 THo - 4 [+ LU kI
HIRDLE day 1,2 MIFAS day 2,3 DEIRIS day 1,182 FOAR 11y 15025

- T CLINEELHY SRRttt i
-V TR i ——

i

|

.1 ';

lafiiucs
L=

T

{
a0 "‘"'—-il"'i.*h"l."i i By M
-180-120 -60 0 60 120 180-180-120 60 0 60 120 |5:I-|5'.'I 130 80 0O &3 120 180 z dq B B 10 12

i

. rem—

POAK W ypr 20m SAGE 0w 18801549 SAGE 1l yr 2003,

3:.
a

:

SCIAMACHY day 1.2

L i

c 4 1] [ m 1z 2 4 ] ] LI F- 2 4 1] H 1w 1E -Te0-120 =60 O & 1EF T80
SMILES day 40,48 SMIA oy 1,783 TES clay 1.2 VARS KILS day 1,18

= K] o

5-':' ---------- SRy 1 1 1 1

- DR WWVRTY DO Y O0000KK
g 1"'"' -Il-l-!-l'-l'-ll.rlll-'-'
B O AR R Ly
5 a _:-”_ *1 D% ;-*l"l- “.".'r.,‘ .,: "' i.i‘i-‘n.j-.'l_l.".':"_'l. { .'-....-:"{."-.,-. L)

0 e R R Tk PR R R AN CMATTTTINRRAAL S ittt

o AT 'r AT AN IAL

’H'ﬂ'l"i'l 'l"l"l"l"l"l’l
180-120 -60 0 60 120 180180120 60 © 60 120 1B01BO-120 50 O 60 420 1BO-1B0-120 -0 O &0 120 180

Errera and Ménard (2012) ACP
ISSI: - Analysis of short-lived species to validate CCMI models

- Assimilation as a transfer standard for comparison between data-sparse instruments
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No assimilation Ozone forecast predictability

MLS assimilation
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