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':rom chemical DA research to pre-operations

= In the precursor project GEMS, chemical data activities have been
performed « off-line ». In the MACC phase, a data assimilation step will be
included in 7 pre-operational regional Air Quality forecasting suites, with
NRT analyses and a posteriori analyses (based upon validated data) as new
services.

= At this stage, no attempt at modifying dynamical fields using tracer
information.

Global Reactive Gases analyses (satellite) and Forecasts

Global Aerosol analyses (satellite) and Forecasts

Nyt

Surface, satellite and/or profile
data assimilation at higher
resolution (target 0.1°). Impact
on AQ reanalyses over Europe
and forecasts?
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’Asset : seven AQ assimilation and forecast suites

CHIMERE
Foret et al., CNRS

EMEP

il

L) P
Bl

Gauss et al., met.no

EURAD
Elbern et al., RIU

LOTOS-EUROS

Schaap et al,, TNO

MATCH

maeen

Roberston et al., SMHI

MOCAGE
Peuch et al., MF

SILAM
Sofiev et al., FMI

il

_|_

Current resolution

0.5°% L8, top : 500hpa

0.25° L20, top : 100hpa

15km, L23, top : 100hpa

25km, L4, top : 3.5km

0.5°% L30, top : 100hpa

0.2°, 147, top : 5hpa

0.2°, L46, top : 100hpa

Assimilation method

Optimal Interpolation, EnKF

Variational, 3d-var

Variational, 3d-/4d-var

Optimal Interpolation, EnKF

Variational, 3d-var (ongoing)

Variational, 3d-fgat

Variational, 4d-var



AQ forecasting with the MOCAGE model
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Assimilation module: PALM

Method : Variational (3D-FGAT)

Minimisation of the cost function
(observations + model). PALM
offers full flexibility : all the
parameters of the assimilation
system can be tuned by the user).
Several diagnostics are available.

http://www.cerfacs.fr/~palm
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'Asset : initial condition assimilation

MOCAGE CO data assimilation (MF, El Amraoui, Attié, Claeyman, Peuch)

Method : 3D-fgat
Data assimilated : MOPITT CO (NCAR)

CO (ppbv) CO (ppbv)

CO(ppbv)
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Evaluation against
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Asset : Inititial condition assimilation

EURAD-IM aerosol data assimilation (RIU, Elbern et al.)
Method : 3D-var
Data assimilated : insitu PM10 + SYNAER DLR retrievals

9.8.2003 18:00 UTC

control analysis assimilation based
forecast
PM10 09.08.03 18.00 UTC [ug/m?] PM10 09.08.03 18.00 UTC [ug/m?] PM10 09.08.03 18.00 UTC [ug/m?]

LAYER 1 (ca. 0-36m) LAYER 1 (ca. 0-36m) LAYER 1 (ca. 0-36m)

GEMS odfts  TIME:09.08.03 18.00 UTC GEMS hc03s TIME: 09.08.03 18.00 UTC GEMS 3dft5  TIME:09.08.03 18.00UTC
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Asset : Joint emissions and initial condition optimization

SILAM SO2 data assimilation (FMI, Sofiev, Vira)
Method : 4D-var
Data assimilated : surface SO,

Reference Optimised-Ref Emissions factor update

GADS: COLA/IGES

Day 7

GrADS: COLA/IGES

Concentration of SO2, mol m-3



Asset : NRT surface observations

Access in NRT of surface data in BUFR from 14 countries
(900 sites for ozone and PM10, 1200 sites for NO2, 550
for SO2, 300 for CO). Ahead : use of the WIS.

GEMS-RAQ Observations VT: Sunday 15 November 2009 12UTC
Surface Ozone [ pg/m3 ] N: 897 mean: 44.8 max: 97.0
10°W 5°W [ 5°E 10°E

GEMS-RAQ Observations VT: Sunday 15 November 2009 12UTC
Surface PM10 Aerosol [ pg/m3] N: 771 mean: 17.1 max: 91.0
100w sew o s5°E 10°E 15°E
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GEMS-RAQ Observations VT: Sunday 15 Novembei
Surface Sulphur Dioxide [ pg/m3] N: 548 mean: 4.
100w sew o s°E 10°E

GEMS-RAQ Observations VT: Sunday 15 Novembe:
Surface Nitrogen Dioxide [ pg/m3] N: 1074 mean: 19.
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Monitoring surface Air Quality : surface analyses

Ozone,, pic en pg/m3 ~

= @ Avril 2003 Prévision du 15/08/2009 pour le jour-méme PREV AIR™ Ozone ’ pic en NQIM3, Ie 15/08/2009
52* © Avril 2003 Carte analysée et observations
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A first important application are surface analyses, both for the
information of the public and authorities (EEA, ...) and for
\ model verification. Example from the French operational AQ
r Q I z  platform Prev’Air (http://www.prevair.org)
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Forecast issued on 08/15/2009 for the same day riommation teshot) :




Some issues with surface chemical data assimilation

= Surface network deployment bias toward populated locations

= (QObservations density and representativity problems

= Manyfold surface processes challenge initial value dominance

= Computational burden for advanced (eg. 4d-var) assimilation algorithm...

GEMS-RAQ Observations VT: Monday 16 March 2009 00UTC
Surface Nitrogen Dioxide [ ug/m3] N: 880 mean: 23.3 max: 338.7
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Workaround: spatio-temporal data assimilation:

Pankow-Blankenfelder

Time series for selected NOx
stations on nest 2.
9 + observations,
] -- - no assimilation,
- N1 assimilation (18 km),
-_____N2 assimilation.(6 km),
-grey shading: assimilated
Y. | . A . | ‘ | observations, others

10 20 % 40 10 20 %0 40 forecasted.

hour [UTC] hour [UTC]

Hoyerswerda
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Can surface assimilation improve forecast skill?
Foret, Beekmann et al., CNRS (CHIMERE)

Grid characteristics

e 25[w]25 cells

e resolution 6 km[¥]6 km

e vertical stratification:
8 levels

e 44 species

e gssimilation period:
11-21 July 1999

Measurements (AIRPARIF)
e 11 background stations
used for assimilation

e 5 stations used for
validation



' Very promising first results for ozone

RMSE FOR VALIDATION STATIONS

RMSE CHIMERE : 21-24 pg/m3
RMSE CHIMERE/ENKF: 18-22 pg/m3

RMSE IMPROVEMENT:
8%-24%

EEEEEEEEEEEEEEEEEEEEEEEEEEEEEE

MAE FOR VALIDATION STATIONS (MAE : Mean Absolute error)
MAE CHIMERE : 16-19 pg/m?3
MAE CHIMERE/ENKF: 12-15 pg/m?3

MAE IMPROVEMENT:
17%-30%




Now another challenge : what satellite information would we
need « ideally » in addition to surface data?

What variables to target? (TBD)

1) PM and ozone : complex chemical/physical/transport processes. Errors in
models can accumulate over a couple days before « memory » is lost.

2) NO2 and CO : characterisation of emissions and their variations (essentially

in time for the anthropogenic contribution).
LIDAR ALTO LIDAR ALTO

POI2 : 20010621 to 20010623 POI3 : 20010624 to 20010626
Observation Observation
ODzone (ppb) Ozone (ppb)

ANUGS (Maters)
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How do models on the vertical?




Is it possible to monitor AQ with a constellation of 3 LEOs?

LEO with optimised drifting orbit
(TRAQ/SIFTI). Issue : varying pixel size
across track.

Heterogeneous coverage in time and space :
Between 2 and 15 revisit /day at 1°x1°
Between 0 and 10 revisit /day at 0.2°x0.2°
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The GEO orbit is needed for QA!

EUMETSAT and ESA have initiated joint preparatory activities for the MTG definition
to be available in the 2016-2018 timeframe. In particular, MTG-IRS specifications
result from a compromise between meteorology and chemistry needs, with a priority
on Numerical Weather Prediction. We show here results from OSSEs (MOCAGE-PALM

and KOPRA/KOPRA(it).

MOCAGE REF ©3 2009070112
T T T

70F

Impact on initial conditions after
12 hours of MTG assimilation

B0 F

B0

Limited impact of the assimilation in
the partial column 0-6km.
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Dedicated mid- to low tropospheric sensor
on-board GEO

POGEQA ©3 2009070100 MOCAGE (REF) 03 2008070100
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Error on temperature profile : 1K (white noise)
Error on H,0 profile: 10% (white noise)
‘ O, concentrations are captured but

High contamination from H,O and temperature error (to
be improved)



MAGEAQ
Monitoring the Atmosphere from Geostationnary orbit for
European Air Quality. Lol submitted to ESA EES8 call, Dec 1¢.

Observation requirements and geometry

Domain covered

(15°W-35°E, 35°N-65°N)

Space resolution

10km x 10km at 45° (target) ; 15km x 15km (threshold)

Time resolution

1h (target); 2h (threshold)

Duty cycle

Higher than 90% of observational time

Ozone sensor

Objectives 2 (target) to 3 (goal) pieces of information in the troposphere. Accuracy:
10% (target) for 0-6 km column, 25% (threshold).
Channel 1 Centered 1060 cm™, 40 cm™” wide

Spectral resolution

0.1 cm™ (target), 0.2 cm™ (threshold)

Signal to Noise Ratio 2000 (target), 1000 (threshold). Re PI

6 km column, 15% (threshold).
Channel 10 and 11 Centered 2130 cm™' and 4230 cm-
Signal to Noise Ratio 500 (target), 250 (threshold). Refe

Channels 2to 9 8 broadband channels from 450 tc

Signal to Noise Ratio 2500 (target), 1500 (threshold)

CO sensor Co-I's
Objectives 2 pieces of information in the trog
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