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Overview of aerosol activities at ECMWF

CAMS Other aerosol research activities:

(Copernicus Atmosphere Monitoring Service)
Aerosols in (sub-)seasonal weather forecasting
Operational forecasting and reanalysis

Data assimilation Aerosol Reflectance Assimilation Study (ARAS)
Aerosol modelling

o Mel Ades Aeolus/EarthCARE aerosol assimilation
Zak Kipling

FRAMES proposal: fires/biomass-burning aerosol
Chemical modelling Emissions
DACCIWA (dynamics/aerosol/chemistry/cloud)
Johannes Flemming Mark Parrington

EUNADICS-AV (volcanic aerosol & aviation)
Forecast Department
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Evolution of CAMS global system performance

~ Atmosphere

i 500nm AOD vs A (L2 V3)
Bias RMSE
FC-OBS bias. Model against L2.0 Aeronet AOT at 500nm. RMS error. Model against L2.0 Aeronet AQT at 500nm.
323 Voronoi-weighted sites globally (r,, =1276km). 323 Voronoi-weighted sites globally (r, . =1276km).
Jan - Aug 2017. FC start hrs=00Z. Jan - Aug 2017. FC start hrs=00Z.
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Evolution of CAMS global system performance

~ Atmosphere

" Monitoring _ _ ) _
PM?2.5 vs AirNow (North American stations, mostly in USA)
Bias RMSE
PM2.5 (ug/m3) FC-OBS bias. Model versus AirNow. PM2.5 (ug/m3) RMS error. Model versus AirNow.
993 sites in N-America. Jan - Aug 2017. FC start hrs=00Z. 993 sites in N-America. Jan - Aug 2017. FC start hrs=00Z.
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Evolution of CAMS global system performance

- Atmosphere

~ Monitoring
[ L) [ L) l( ”
PM?2.5 vs AirBase (European stations classified “background rural”)
Bias RMSE
PM2p5 (ug/m3) FC-OBS bias. Model versus AirBase. ~ PM2p5 (ug/m3) RMS error. Model versus AirBase.
62 sites in background rural. Jan - Aug 2017. FC start hrs=00Z. 62 sites in background rural. Jan - Aug 2017. FC start hrs=00Z.
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Improvement in PM diurnal cycle

PM2.5 (ug/m3) Mean. Model versus AirNow.
907 sites in N-America. 15-18 Jul 2017. FC start hrs=00Z. T+6 to 24.
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Atmosphere
Monitoring

New nitrate and ammonium species

Coupling with chemistry scheme

Increased vertical resolution

New prescribed emissions inventories

New online dust emission scheme

Emission diurnal cycles and injection heights
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Atmosphere

venene - Aarosol (LOA/LMD-2)
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Atmosphere

venene - Aarosol (LOA/LMD-2)
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Atmosphere

venene - Aarosol (LOA/LMD-2)

Chemistry (CBO5)
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Atmosphere e Three new aerosol bins:

Monitoring

— Fine mode nitrate, partitioned with gas phase: HNoO; +NH; « NHNO;.

— Coarse mode nitrate from heterogeneous reactions of HNO, over
calcite (dust) and sea-salt particles: HNOs+NaCl - NaNO: + HCI,

— Ammonium IHNO: + CaC03 — Ca(NO31)s + HaCO5.

* Improved PM and AOD scores over Europe, especially when
combined with coupled sulphur cycle.

Samuel Remy
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Atmosphere

vonitoring ®  INcreased from 60 to 137 hybrid model levels

* Model top raised from 10 Pa to 1 Pa

* Brings CAMS into line with ECMWF NWP

* New J; (model error covariance) matrix generated by NMC method

* More impact for chemistry than aerosol

CECMWF ( opernicus



Atmosphere
Monitoring
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Atmosphere

vonitoring - ®  New inventories for anthropogenic and biogenic emissions
(CAMS_GLOB_ANT v2.1, CAMS_GLOB_BIO v1.1)

e Customised anthropogenic SOA “emission” dataset based on
regionally-tuned scaling of CO emissions (replaces existing fixed

scaling).
— This is a large contributor to the reduced PM2.5 RMSE
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Atmosphere — Ref (43r1, GO1) — N15+DSF  — N15+DSF+largebins

Monitoring I = | ! ! ! . .
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Atmosphere

vonitoring - ®  Biomass-burning diurnal cycle brought in line with GFAS assumptions

 Biomass-burning injection heights from GFAS rather than at surface
— Major contribution to improved PM in fire episodes

 SOA production diurnal cycle narrowed to eliminate night-time peaks
— Major contribution to improved PM in polluted areas

PM2.5 (ug/m3) Mean. Model versus AirNow.

Triangles: old SOA diurnal cycle 807 sites in NeAmerica. 1518 Jul 2017 FC start hrs=002. T+6 to 24.
Line: GFAS diurnal cycle .
(new SOA cycle is same but N
centred at noon) ® 1 L
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PM diurnal cycle improvement * \\/\—\—f/ TN
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Atmosphere

vonitoring® ~ GLOMAP-mode (Mann et el., 2010) introduced as alternative aerosol
scheme in 46r1, based on work begun by Matt Woodhouse under

MACC. . e & ®
* Two-moment modal scheme combining 3 g fom §B§ S;k:n CZ§

M7-Iike Slze mOdeS Wlth microphySicaI 7 £> Nucleation  Aitken AccjrSnSIL;tion CScS)a?sUe

parameterisations from GLOMAP-bin onr

(Spracklen et al., 2005). L2 : # #
 Coupled with whole atmosphere chemistry = Z

as “IFS-CBO5-BASCOE-GLOMAP”. ®

CECMWF ( opernicus



Atmosphere
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Atmosphere

vonitoring - ®  IMove to AERONET v3 brings greater consistency between L1.5 and L2

* More emphasis on surface PM10 and PM2.5 in addition to AOD

e Use of flight campaigns (e.g. ATom) for 3D evaluation

e Use of CASTNET in-situ measurements
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New evaluation approaches: large-scale flight campaigns
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For the future

* Precursor-driven SOA

" Monitoring

* Sea-salt coupling to wave model

)
i‘x e Brown carbon
v

 More evaluation of speciation, deposition and absorption
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"B And now...

... over to Juliel
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