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HAMM?7 in IFS and OpenlFS

* OpenlFS includes AER
 Remy et al (2019)
* Fixed size distributions
* Only mass simulated
* No interaction

« HAM-M7
* 7 Lognormal modes
* Number and mass simulated
« ~30 tracers
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(r <0.005 pym)
o L o

SO,, BC, OC

HAM-M7 (0.005 ym <r < 0.05 ym)

M7: 7 log-normal modes for aerosol L UEEEL T 50, BC, OC, SS, DUNI, AM

microphysics (0.05 ym < r < 0.5 ym)

HAM: cloud activation, wet deposition, dry  fes).\; 5=

deposition, sedimentation, radiative 0.5pm< r) SO, BC, OC, SS, DU, NI

properties
aerosol, cloud droplet, and ice crystal o Ncianen s
size dependent in-cloud & below-
cllo)ud wet deposition rates (Croft et T Soaes o
dl. s 10

Hydration: Kappa Kohler (Petters &
Kreidenweis)

Optical properties: aerosol-radiation 00001 G001 BoT 1 1 ae oo
interactions for SW and LW tum)

Cloud activation:
Abdul-Razzak & Ghan (2000)
Morales & Nenes (2014)
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Model and observation details

Anthropogenic CMIP7/CEDS CAMS-GLOB-ANT CAMS-GLOB-ANT CMIP6/CEDS
emissions
Sea salt emission Gong et al. + Salter Gong et al. + Salter Long et al.
Dust emissions IFS IFS IFS Tegen et al.
Year 2010 2019 2019 2010
EQsam4Clim No Yes yes No
Clouda activation Yes No No Yes
Aerosol-radiation Yes No No Yes
coupling
Resolution T255 T255 T255(as pp’d by MARS) T63
Observations: Observations:
e PM2.5: * Number size distributions:
* EBAS * EBAS
* AIRSHOW

* CHINA AQ
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cmip7 hamm7 tm5 ecfs

Number size distribution dN/d(log r)
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dN/d(log r) [a.u.]

OpenlFS

= BC (2 modes summed)
= POM (11 modes summed)
= S04 (6 modes summed)
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1e—19 Volume size distribution dV/d(log r)

= BC (2 modes summed)
= POM (11 modes summed)
= S04 (6 modes summed)

compo emissions nrt 50rl1 esuite HAMM7 v2.15b

Number size distribution dN/d(log r)

IFS

dN/d(log r) [a.u.]

— BC (1 mode summed)
— POM (9 modes summed)
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Volume size distribution dv/d(log r)
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Aerosol optiacl depth

e Qverestimation of AOD
* China
* India

Globe: IFS-AER AODssp (2019-01-01 to 2019-12-31, average)

Model stats: Min=2.16e-02 Max=7.44e-01 Mean=1.25e-01 Std=8.10e-02 N=259920

180° 120°wW 120°E 180°

0.0 8.0 10.0
AOD550 [x10~! unitless]

SSECH

AOD550 Bias [unitless]

Globe: AOD550 Bias [model - obs] — 2019-01-01 to 2019-12-31 (daily)
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Globe: IFS-HAMM7 AODssy (2019-01-01 to 2019-12-31, average)
Model stats: Min=1.16e-02 Max=3.50e+00 Mean=1.61e-01 Std=1.25e-01 N=259920
180° 120°W 60°W 0° 60°E 120°E 180°
| D 8
0.0 0.2 0.4 0.6 0.8 1.0

AODssg [unitleSS]




PM (kg m-3)

PROGRAMME OF

-
THE EUROPEAN UNION ((/)pEet'pl’W!CLEJSh e c ECMWF

atmosphere.copernicus.eu

Particulate matter at the surface: Annual and zonal
mean

* PM1 similar for all models
* AER lower in mid northern latitudes
* PMZ2.5 lower with IFS-HAMMY7 than others
e ECHAM and OIFS similar
e Southern ocean AER highest
* PM10 shows error in the diagnostic in IFS-HAMM?7
e Especially southern ocean with mainly Sea salt

le_s PM1 le_sg PM2.5 le_7 PM10
| 8
37 — OIFS-HAMM7 —— OIFS-HAMM7 2.0 + — OIFS-HAMM7
—— ECHAM-HAMM7 64 —— ECHAM-HAMM7 —— ECHAM-HAMM7
5 4 —— IFS-HAMM? —— IFS-HAMM7 L59 — IFS-HAMM7
—— IFS-AER 44 —— IFS-AER Lo — IFSAER
1 27
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Particulate matter annual cycle

e PM1 similar for both models
* Higher with IFS-HAMM7

* PM2.5 lower with IFS-HAMMY7
* Even cycle different

* PM10 shows missing mass in IFS-HAMMY7
* |[FS-AER and ECHAM-HAMMY7 similar

le—9 PM1 le—8 PM2.5 le—8 PM10
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D USt sconc_DU OIFS-HAMM7 sconc_DU IFS-HAMM7

* |FS shows much lower
concentration

sconc_DU (kg kg-1)

. . i
0.0 0.5 1.0 L5 2.0 2.5
le—7
sconc_DU OIFS-HAMM?7 - IFS-HAMMT abs diff sconc_DU OIFS-HAMM?7 - IFS-HAMMT7 rel diff
- " -— e - —

T T T T T T T
-1.00 -0.75% -0.50 -0.25 0.00 0.25 0.50 0.75 1.00 =400 -300 -200 -100 0 100 200 300 400
Absolute difference (kg kg-1) le—7 Relative difference (%) 11
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Sea salt

sconc_SS OIFS-HAMMY sconc_SS IFS-HAMMT7

* |FS shows much higher sea
salt than OpenlFS

sconc_SS (kg kg-1)

e I

T
0.0 0.2 0.4 0.6 0.8 1.0

le—7
sconc_SS OIFS-HAMMY7 - IFS-HAMM7Y abs diff sconc_SS OIFS-HAMMY7 - IFS-HAMM?7 rel diff

—50 0
Relative difference (%)
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IFS-HAMM?7
PM2.5 at EBAS stations

* IFS-HAMMY7 PM2.5 performs well in Europe
* QOverestiamation reduced compared to IFS-AER

Chinese stations show high bias
* Bias increased over winter months

US high bias
* Limited data

United States: PM2.5 Bias [model - obs] — 2019-01-01 to 2019-12-31 (weekly)

-=a- |[FS-HAMM7-noE4C IFS-HAMM7 +RMSE

U S IFS-HAMM7-noE4C +RMSE —-=- |FS-AER
—=- |FS-HAMM7 IFS-AER +RMSE
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atmosphere.copernicus.eu
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Europe: PM2.5 Bias [model - obs] — 2019-01-01 to 2019-12-31 (weekly)
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Asia: PM2.5 Bias [model - obs] — 2019-01-01 to 2019-12-31 (weekly)
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European size distributions: OPE, near Nancy, France
* Number size distribution follows observed but biased
high

* Mass concentrations are similar though IFS particles
higher and larger fraction not accounted in PM10
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Annual mean size distribution at Helsinki (urban)

IFS size distribution follows closely from 20 nm to 1 um.

OpenlFS run less well

IFS has larger particles due to higher emissions sizes

Mass in PM2.5 similar for both models
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— 4—
* Globally PM1 similar in all three models 5 1 _/J\\\ 21 A
* Globally PM2.5 lower with IFS than with OpenlFS & | - °]
* model code harmonisation needed still 27
« Global PM10 needs checking for coarse mode gl A S N N A ) A Y B
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Europe: PM2.5 Bias [model - obs] — 2019-01-01 to 2019-12-31 (weekly) /
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Asia: PM2.5 Bias [model - obs] — 2019-01-01 to 2019-12-31 (weekly)
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Global PM2.5 in OIFS-HAMM7 and IFS-HAMM?7

PM2.5 OIFS-HAMMY PM2.5 IFS-HAMMY

PM2.5 (kg m-3)
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le—7
PM2.5 OIFS-HAMM7 - IFS-HAMM7 abs diff PM2.5 OIFS-HAMMT7 - IFS-HAMM?7 rel diff
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PM1 OIFS-HAMM7 PM1 IFS-HAMM7

PM1 (kg m-3)
[ | P
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5

le—8
PM1 OIFS-HAMM7 - IFS-HAMM7 abs diff PM1 OIFS-HAMMY7Y - IFS-HAMMY7 rel diff
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PM10 OIFS-HAMM7

PM10 (kg m-3)
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sconc_BC OIFS-HAMM7 sconc_BC IFS-HAMM7

sconc BC (kg kg-1)
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sconc_OC OIFS-HAMM7 sconc_OC IFS-HAMM7

sconc_OC (kg kg-1)

T
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sconc_S04 OIFS-HAMM7

sconc_S04 IFS-HAMM7

sconc_S04 (kg kg-1)
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sconc_SO4 OIFS-HAMM?7 - IFS-HAMMY7 abs diff
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