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Project background: PROMOTE / MACC-GRG

Motivation for the assimilation of ozone sonde data

Reminder: results of OSSE (SPARC Toronto 2007)

Introduction to VINTERSOL ozone sonde data

Results of assimilation experiments with fixed R

Relevance of Background and Observational errors (B, R)

Tuning of observational errors using correlation with error tracer field
Application of tuned R values on VINTERSOL test episode
Summary
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PROMOTE  satellite data assimilation project

Stratosphere
—  4Dvar MLS/GOME/MIPAS BASCOE/SACADA

7 Errera, Q. and D. Fonteyn: Four—dimensional variational chemical assimilation of
CRISTA stratospheric measurements, JGR 2001.

- Elbern, H., J. Schwinger and R. Botchorishvili: Chemical state estimation for the middle
atmosphere by 4-dimensional variational data assimilation, Part 1+2, JGR 2009.

7 Kalman filter GOME/SCIA/OMI TM3DAM

- Eskes, H., P. van Velthoven, P. Valks and H. Kelder: Assimilation of GOME total ozone
satellite observations in a three-dimensional tracer transport model, Q.J.R. Met. Soc., 2003

Troposphere
- RAM* TM4DAM approach for tropospheric NO2 column

- Boersma, K.F., H.J. Eskes and E.J. Brinksma: Error Analysis for Tropospheric NO2 Retrieval
from Space, JGR, 2004.

Strat+Trop
-7 4Dvar MACC-IFS: MOZART-3/MOCAGE/TM5 with multiple satellite instruments

- Flemming, J., A. Innes, H. Flentje, V. Huijnen, P. Moint, M.G. Schultz and O. Stein: Coupling
global chemistry transport models to ECMWF'’s integrated forecast system

*RAM= Retrieval-Assimilation-Modelling
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Motivation for assimilation of ozone sonde data

—- Satellite instruments: expensive (~100M$ each),
lack of high vertical resolution, only very few occultation sounder (e.g. GOMOS)

LIDAR: few instruments, expensive in sustained operation
Umkehr retrieval: high potential but only low vertical resolution

Ozone sondes: mature, relatively cheap (~1000$ total costs per sounding*), many
stations in NH

(e.g., WMO/IGACO ozone and UV recommendations)

\

\

\

Bulk of ozone below 10 hPa!

- assess current ozone sonde networks (this study), e.g. OSSE study by F. Baier
(SPARC Toronto 2007)

- assess impact of existing station network: VINTERSOL, this study

*depends on localities, e.g. effort for maintenance, contracts, etc

Deutsches Zentrum
fur Luft- und Raumfahrt e V.
in der Helmholtz-Gemeinschaft
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Observation Simulation System Experiments
(SPARC Toronto, 2007)

Two experiment sets
‘short-term’

1997 April 01-18th:
1998 Febr. 01-18th:
2002 Sept. 11-28th:

‘long-term’
2001 01-09:

# Deutsches Zentrum
DLR fiir Luft- und Raumfahrt eV.
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network WOUDC
WOuUDC
WOuUDC

network GAW
NDACC
WOuUDC
Reference

1/day  >30°N
1/day  <30°NS
1/day  >30°S

1/day
1/week
1/week

no sounding
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OSSE: Analyzed ozone sonde station networks
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Summary of mean results: OSSE - HALOE*

(*>100hPa)

Reference Q1

f mean  bias
SH 27064 3.46 -5.43
TP 16942 3.73 -8.04
NH 25279 3.71 -4.24

rms

23.83
26.20
17.17

NDACC Q1 NH: -16% rms

# mean  bias
SH 31801 3.43 -3.28
TP 17014 3.82 -5.34
NH 29948 3.72 -3.57

# Deutsches Zentrum
DLR fir Luft- und Raumfahrt e V.
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rms

19.14
21.03
14.40

GAWQI NH: -10% rms

# mean  bias rms

27064 3.46 -545  23.15
16942 3.73 -7.97  25.36
25279 3.71 -4.18 15.36

woupc Q1 INH:-17% rms

f mean  bias rms

31801 3.45 -293 18.13
17014 3.84 -4.72  19.70
29948 3.71 -3.69 14.33
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VINTERSOL ozone sonde station coverage

Vintersol Ozone Soundings
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VINTERSOL ozone sonde station network
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Assimilation experiments

\

Assimilation period: 2003-01-01 — 2003-03-31
32 VINTERSOL ozone stations (valid altitude range 1000-10hPa)

SACADA 2.0 with 5 daily iterations, R=5%, B=30% and L,=600km and
L, =3km for horizontal and vertical correlation

- MPE/SAC: MIPAS/SACADA analyses using MIPAS ESA level 2 v4.61
daily products for 2003

VIN/SAC: VINTERSOL/SACADA ozone sonde assimilation
free run: SACADA 2.0 without observational constraints

\

\

\

\

# Deutsches Zentrum
DLR fir Luft- und Raumfahrt e V.

in der Helmholtz-Gemeinschaft

slide 13
des

Baier et al., Routine assimilation of ozone son



PROMOTE

:EZ;Q::::.»:a::'::séa&'::iaai:::: ReS u |t$ fO r Rey k j aVi cC ity G\gg‘eés

onitoring atmospheric
C position & climate

nit
om)

M
~

MIPAS ESA SACZ0 RV 2003 03/mPg

MPE/SAC

Y YIS 4 L  IEN o) B 7 S G S S g e ey |, |

-

10
30
100
300
1000

O=NWROO -0 O

GJAN 11JAN T6UAN J1JAN 26JAN  IFES 6FED 11FEE 16FED 31FCE 1GFEBUAR GUAR 11NAR 16MAR J INAR Z6MAR

SAC20 free run RV 2003 03/mPg

free run

oy —
Y R4 s  JEN Y ) B GG G g |, |
O=MNUROD WO

10
30

100
300

1000

GJAN 11JAN T6JAN J1JAN 26JMN  IFES 6FED 11FEE 16FED 21FCE JGFEBUAR GUAR 11NAR I8MAR J INAR Z6MAR

slide 14

Baier et al., Routine assimilation of ozone sondes

# Deutsches Zentrum
DLR fiir Luft- und Raumfahrt eV.

in der Helmholtz-Gemeinschaft




o L (ames
O i Res u Its fO r Rey kj avicC C Ity Gnacc

PROMOTE

MIPAS ESA SAC20 RV 2003 03/mPg
MPE/SAC I

(%Y
O=NWROO -0 O

10
30
100
300
1000

Y YIS 4 L  IEN o) B 7 S G S S g e ey |, |

GJAN 11JAN T6UAN J1JAN 26JAN  IFES 6FED 11FEE 16FED 31FCE 1GFEBUAR GUAR 11NAR 16MAR J INAR Z6MAR

VINTERSOL SAC20 RV 2003 03/mPa

VIN/SAC

[ —
O=NWROO-NWKOO

10
30
10
300
1000

[=3

= hd M \qmco_n_s_n_n_\_a_n_;_;_nm

GJAN 11JAN V6JAN J1JAN 26JMN IFEB 6FEB 11FEG 16FEQ 21FEG 26FEBUAR GUAR 11NAR 18MAR 3 INAR 26MAR |

# Deutsches Zentrum
DLR fiir Luft- und Raumfahrt eV.

in der Helmholtz-Gemeinschaft

slide 15
[

imilation of ozone son

Baier et al., Routine assi



e

I . \ @mes
D Results for Ny-AIesund station Gnacc

PROMOTE

MIPAS ESA SAC20 NA 2003 03/mPao

MPE/SAC

(%Y
O=NWROO -0 O

10
10
100{
300
1000

Y YIS 4 L  IEN o) B 7 S G S S g e ey |, |

GJAN 11JAN T6UAN J1JAN 26JAN  IFES 6FED 11FEE 16FED 31FCE 1GFEBUAR GUAR 11NAR 16MAR J INAR Z6MAR

SACZ0 free run NA 2003 03/mPa

free run

[ —
O=NWROO-NWKOO

10
30

100
300

1000

Y R4 s  JEN Y ) B GG G g |, |

GJAN 11JAN T6JAN J1JAN 26JMN  IFES 6FED 11FEE 16FED 21FCE JGFEBUAR GUAR 11NAR I8MAR J INAR Z6MAR

# Deutsches Zentrum
DLR fiir Luft- und Raumfahrt eV.

in der Helmholtz-Gemeinschaft

slide 16

Baier et al., Routine assimilation of ozone sondes




e = \ @ms
O i Res u Its fO r N y'AI esun d Statl on Gnacc

PROMOTE

MIPAS ESA SAC20 NA 2003 03/mPag ’0

MPE/SAC Ii%

, s

14

; s

. i
30 2
100 é
300 ;
1000 —_————— — 2
GJAN 11JAN 16JAN 21JAN 26JAN IFEB 6FED 11FEB 16FED 21FER 26FEBMAR GNAR 11NAR ISMAR 2 INAR Z6MAR 1

VINTERSOL SAC20 NA 2003 Q3/mPa ”

19

VIN/SAC Ig

, 8

14

3 2

; i
30 .
100 “ 4 ~Q :
300 ;
1000 GJAN 11JAN 16JAN 21JAN 26JMN IFEE 6FEB 11FER 16FED 21FER JGFEBMAR GNUAR 11NAR I1SMAR 2 INAR Z5MAR %

# Deutsches Zentrum
DLR fiir Luft- und Raumfahrt eV.

in der Helmholtz-Gemeinschaft

slide 17

Baier des

et al., Routine assimilation of ozone son:




6 A . @mes
o Results for Ny-Alesund station Mmacc
PROMOTE
free run — MPE/SAC NA 2003 03/mPag .
free run I?
5
17 4
3- >
101 0
30- & * Eé
2l o IR
300 - - - EEE | = - En o g ﬂ :g
1000 T Tan V6 217 260N IFES 6FED 117CG 16°E0 717C8 TGFCOUM AR 1INAR 1GUMR 3 1NAR J0UM I:g
VIN/SAC — MPE/SAC NA 2003 03/mPa .
VIN/SAC |
11 2
3- 2
101 0
. :
100 v "
300 . .
-8
1000 I Tan Y6 317 26 IFES 67T8 11FCE 16°ED 21FCE IGFERUM GUAR TIRAR 15U Z1AR T6UR I-9

# Deutsches Zentrum
DLR fiir Luft- und Raumfahrt eV.

in der Helmholtz-Gemeinschaft

slide 18
[

Baier et al., Routine assimilation of ozone son



e .
e (emes
@... 5o ciitiiEEEE

PROMOTE mess

Results for Ny-AIesund station and Reykjavic city
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Relevance of Background and Observational errors
7 Schwinger, 2006 PhD thesis: parameterize B using flow dependent and
anisotropic correlations

Ménard et al., 2000 MWR: tuning of B and R values using ? test

Désroziers et al., 2005 QJRMS: diagnosis of B, R and analysis error

\

\

BLUE condition
Xa = ng +G (y - fog)
G=BH"/(HBHT +R) describes impact on analysis

Rational: B and R are i.g. not known but error fields, e.g. FMO, hold information that
can be used to better describe a priories.

This study: tuning R, to reduce analysis error, by using (possible) correlation with error
tracer field (from 24h ozone tracer forecast)

Not shown: results from analysis of adjoint tracer field. First results show poor
correlation with a priories.

# Deutsches Zentrum
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Relevance of Background and Observational errors

Estimate 24h Fractional Analysis Error (FAE) and Impact Area (FIA) using
multiple analysis cycles with one ozone tracer per sounding station

FAE = 2 | X, — Xpmpel / Xmpe SUM Fractional Impact Error over each layer
for model time t=24:00 with varying R

FIA = 2 | Xg = Xiracerl / Xracer  SUM Fractional Impact Area over each layer
for model time t=24:00 with R=5% fixed

X.= 24h ozone tracer analysis, varying R values [1—- 30%)]
Xg = 24h ozone tracer analysis, fixed R [=5%)]

X mpe = MIPAS/SACADA analysis results (reference)

X yracer = 240 0zone tracer forecast (reference)

Time weigthing: FAE = FAE * t /T4

# Deutsches Zentrum

DLR fiir Luft- und Raumfahrt e V.
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R minimum * FlA correlation analysis

step-0: calculate FAE for different obs. errors R from 24h ozone tracer
analysis compared to reference data (here, MPE/SAC)

step-1: determine R minimum value, i.e. R that gives minimum FAE
step-2: derive FIA from 24h ozone tracer analysis compared to ozone tracer

step-3: linear fit of Rmin values to FIA numbers using Rmin error (step-0)
(use relative Rmin error = 1 — (Rmax — Rmin)/Rmax for weighting)

step-4: use fit function R(FIA) with fit parameters (a,b) and actual FIA from a
single ozone tracer run for routine assimilation of ozone sonde data

step-4 can be easily integrated with standard routine 4dvar cycle!

This study: 12 day period experiment with VINTERSOL ozone sonde data

# Deutsches Zentrum
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Application of tuned R-values to test episode
Feb 5 — 16th, 2003

Data base for correlation sample

—

\ NN

5 sample stations: SO, CH, UC, HO, PR

3 sample dates: 2003-01-20, 02-05, 03-12

5 sample model layers: 160, 116, 56, 26, 16 hPa
-> #75 data pairs

Assimilation experiments

\

7
7
7

# Deutsches Zentrum
DLR fir Luft- und Raumfahrt e V.

in der Helmholtz-Gemeinschaft

32 VINTERSOL ozone stations (valid altitude range 1000-10hPa)
MPE/SAC: MIPAS/SACADA analyses as reference with fixed R=5%
VIN/SAC: VINTERSOL/SACADA analyses as reference with fixed R=5%
R tuned: VINTERSOL/SACADA with tuned R-values
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Fractional Analysis Error for 5 sample stations
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Fractional Analysis Error for 5 sample stations
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# Deutsches Zentrum
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VINTERSOL Churchill 56hPa FIA/% 2003-01-20
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Monitoring atmospheric
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Fit of R minimum to FAE for data samples

30
FRE ——
fix)=a + b¥x
ar a =0.986684 +/- 0.1098 (11.13%)
b =2.21426 +/- 0.3547 (16.02%)
20 F
15 F
10 F
AR
——ﬂ }"H:]LT
0 . . . .
0 0.5 1 1.5 2 2.5

1,30388, 24,3354
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Application of tuned R-values to test episode
Feb 5 — 16th, 2003

Data base for correlation sample

—

\ NN

5 sample stations: SO, CH, UC, HO, PR

3 sample dates: 2003-01-20, 02-05, 03-12

5 sample model layers: 160, 116, 56, 26, 16 hPa
-> #75 data pairs

Assimilation experiments

\

7
7
7

# Deutsches Zentrum
DLR fir Luft- und Raumfahrt e V.

in der Helmholtz-Gemeinschaft

32 VINTERSOL ozone stations (valid altitude range 1000-10hPa)
MPE/SAC: MIPAS/SACADA analyses as reference with fixed R=5%
VIN/SAC: VINTERSOL/SACADA analyses as reference with fixed R=5%
R tuned: VINTERSOL/SACADA with tuned R-values
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Synoptic situation in 56hPa on Feb 5th

MIPAS / ENVISAT Feb 05, 2003, 12:00 GMT
ClO at 55.4 hPa Northern Hemisphere

4DVar Chemical Data Assimilation Volume Mixing Ratio [ppbv]
SACADA Version 2.0 "
http://wdc.dir.de

# Deutsches Zentrum
DLR fiir Luft- und Raumfahrt eV. slide 33
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PROMOTE Strong chemical O3 depletion
d.t. very low temp. over NE

MIPAS / ENVISAT Feb 05, 2003, 12:00 GMT
Ozone at 55.4 hPa Northern Hemisphere
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Summary

- MACC GRG project on global assimilation of reactive gases based on
satellite level 2 data — sonde data for validation only

—- OSSE study: Ozone sonde data could be useful for routine applications
depending on station network

—7 2003Q1: Assimilation of VINTERSOL ozone sonde data improves model
forecasts near stations

Positive hemispheric effect d.t. persistency of observed values
Tuning of observational errors (R) via Rmin * ozone tracer correlation

Test episode: tuned R values further improve results depending on
distance to observing station (2 — 11%)
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Further work

7 Increase application time period — integrate method with routine process.

—Z Show that fixed but small R-values (<5%) are worse than tuned values in

the long run
—Z NRT application: Currently coverage by sondes is lower c.t.
VINTERSOL. Is the impact still significant?
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Thank You!
—~ many thanks to NILU, especially Trygve Barde, for providing the data
access!
=7 many thanks to all colleagues providing observations and model data!
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