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How can we improve air quality modelling predictions?




Objectives

= Optimise chemical initial values (background concentrations)

= Optimise emission factors — update emissions

This study needs...

= Assimilation of observed data (in-situ stations, satellites ...)

4D-var data assimilation
Inverse modelling



4D-var data assimilation — Inverse modelling techniques

Definition

Data assimilation is an analysis technique in which the observed
information is combined with physical and chemical knowledge of
atmospheric processes encoded in the numerical models.

The consistency of the system is guaranteed by the inverse
simulation of the emitted species and their products.



EURopean Air pollution Dispersion —

Inverse Model

Meteorological

Model area Terrestrial . . itial and b d Emissi
projection data initial and boundary mission
‘ ‘ valres Inventories
WRF ARW
Weather Research and Forecasting model

fr—-

Aerosol Dynamics Module

MADE Emission Module

Forward model

Adjoint model

}

Meteorological G =pElizes
g Optimised Emissions

: concentrations
fields Deposition fields

EURAD -IM

Chemical Observations

initial & boundary

values

Observation
Preprocessor

PREP

wyuobly
uonesIwiuly
S9491

|

Aerosol — phase |Standardised
concentrations | observational A
Deposition fields data

ObS*J

_.'"'-.
ad AnaIyS|s

"'h.

OL..

// I\‘EN“A
£ T T Obs¥ Corrected

//:/ ; t
=~ forecas

Xb - ’// IJO \\
“§d -7 ¥Obs TNa
Xy ‘iJo Previous
X Obs forecast
I I | >
3z 6z 9z 12z 15z Time

Assimilation window

L.
>



Cost function

Measures the distance between the model state — observations
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BECM for emission factors — K

Describes the emission rate covariances
between emitted species at each location

G . Standard deviations of the
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Case study: Po valley (10-12. 07 . 2012)

PEGASOS

Pan-European Gas-AeroSOls-climate interaction Study
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Case study: observations

Ground stations observations
AirBase — the European air quality database
* (NO,, O, CO and SO,)

gy Satellite observations
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Case study: Zeppelin NT flight pattern

Capping Inversion
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How campaign data can indicate corrections to the model?




Case study: results (routinely observations)

European domain (15 km) #% | sity non-assimilated observations

------- Background (ref.run)
------- Analysis
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Case study: results (routinely observations)
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Case study: results (routinely observations)

Emission factors corrections (NO)

45,60

4400 4420 4440 4460 4480 4500 4520 4540

-15

10.00 10.40 10.80 11.20 11.60 12.00 1240
July 10 2012 surface level

4D-var in high resolved grids identify emission patterns

095y

(g

00'¥¥ O2'¥v OF'¥Yy 09%F OBy 00GY O2SH

4.00
3.50
3.00
250
2.00
1.50
1.00
0.50
0.00



Case study: results (assimilation of Zeppelin campaign)

NO2, 12 Jul 2012, Second nest - 1km resolution -
Hovmageller plot
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= In the mixed layer, the observed NO, concentrations are higher than the analysed ones, up
to 300-400 m. (may be due to problems of PBL height simulation — WRF parameterization)

= Analysis (background colour) match with the airborne data in upper altitudes (500-700m)
until around 8:00, as well as at close to 300 m until 6:00.



Aerosols
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Aerosols - initial values optimization

European domain (15%15km?)
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Aerosols - initial values

A = analysis - background
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Aerosols - initial values optimization + gas phase

#E |n situ observations

------- Background (15t guess)

------- Optimal IV aerosol (6h AW)

------- Optimal IV aerosol + (IV+EF) gas-phase (24h AW)
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= EF optimization for aerosols is the key to assume daily profile of aerosol concentrations



Aerosol — EF optimization
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Final remarks

Assimilation of emitted species and their products (space and time)
— good performance

Join optimisation of IV and EF to improve AQ predictions

Application in high resolved grids (up to 1x1 km?)

Contribute to correct emission inventories M—L—J\
L ;

Thanks for your attention! pa W .



