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1. The aerosol dry deposition -> aerosol lifetime
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“the removal of these 
particles from the 
atmosphere […] 
represents the single 
largest uncertainty in 
climate” [Farmer et 
al. 2021]

+ strong influence in 
air quality



1. The aerosol dry deposition. 4 processes
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0.1-1 um: Minimum of 
deposition, because 
1) decrease of Brownian 

with particle size, and 
2) increase of 

sedimentation



2. The protocol. 8 models
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Model name Group Main reference Reference
in short

LOTOS-EUROS TNO (Netherlands) Zhang et al. [2001] Z01

GEM-AQ ios PIB (Poland) Zhang et al. [2001] Z01

SILAM FMI (Finland) Kouznetsov and Sofiev
[2012]

KS12

MATCH SMHI (Sweden) Simpson et al. [2012] S12

MINNI ENEA (Italy) Pleim and Ran [2011] PR11

IFS_Z01 IFS-COMPO, 45R1-47R2 cycles Zhang et al. [2001] Z01

IFS_ZH14 IFS-COMPO, 47R3- cycles Zhang and He [2014] ZH14

IFS_P22 Potential candidate for future
cycles of IFS-COMPO

Pleim et al. [2022] P22

Thanks to all 
participants for 
the data, the 
model 
description, 
and the ongoing
discussions



2. The protocol. 4 Land Use Categories (LUC)
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Model name Z01, P22 ZH14

Evergreen needleleaf
forest

1 4

Deciduous broadleaf
forest

4 7

grass 6 13-14

water 13 1, 3

Remote Sens. 2023, 15, 1172. https://doi.org/10.3390/rs15051172



2. The protocol. Input data (0D comparison)
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▪ Pa – air pressure [Pa]

▪ Ta – air temperature [C]

▪ u* – friction velocity [m s-1]

▪ z0 – roughness length [m]

▪ zr – computation height [m]

▪ Characteristic radius [m]

▪ air/p, air and particle densities [kg m-3]

▪ LAI, leaf area index [m2/m2]



2. The protocol. Output data
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Constant values:

▪ Dynamic and kinematic viscosities

▪ Mean free path of air molecules

▪ Aerodynamic resistance

▪ Stability function

Depending on the particle diameter Dp:

▪ aerosol dry deposition velocity Vd

▪ Aerosol gravitational settling velocity (sedimentation), Vg

▪ Surface/quasi-laminar boundary layer resistance

▪ Efficiencies: Brownian, impaction, interception

▪ Brownian diffusivity

▪ Stokes, Schmidt and Knudsen numbers



3. The results. Comparison to observation, evergreen 
needleleaf forest
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Observation 
compiled by P22



3. The results. Comparison to observation, evergreen 
needleleaf forest
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Large 
variability of 
BOTH obs and 
simulations
(Brownian 
efficiency)

Underestimation 
of obs by most 
models, except 
P22

General 
agreement



3. The results. Comparison to observation, deciduous 
broadleaf forest
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Lack 
observations



3. The results. Comparison to observation, grass
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Large 
variability of 
the 
observations, 
and beyond 
model 
variability



3. The results. Comparison to observation, water
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Nice 
agreement

Large variability 
of obs more or 
less reproduced 
by modelling



4. Sensitivity to the LUC
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The Brownian 
diffusion depends 
on the land use 
category (and on 
the friction velocity)
As well for 
impaction and 
interception

But not the 
sedimentation



4. Sensitivity. Brownian efficiency
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From 1/3 
to 1

From 0.5 
to 2/3

Small variability in 
the mean free path



4. Sensitivity. More in the D5.3 deliverable
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From 1/3 
to 1

From 0.5 
to 2/3

Small variability in 
the mean free path



5. Links to other projects: CAMS2_35bis (2025-
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Improvement of IFS-COMPO used in CAMS: testing Pleim et al. [2022] in replacement of ZH14

Improvement in spatial and temporal fields of PM2.5 ? AOD ? Etc

“Saylor et al. (13) […] found that fine particle concentrations varied from 5 to 15% depending on the deposition 
algorithm, with total deposition varying by over 200%.” [Farmer et al., 2021]

“Emerson et al. (14) revised the Zhang et al. parameterization […] and noted that global surface accumulation 
mode number concentrations increased by 62%” [Farmer et al., 2021]



5. Links to other projects: CAMEO/WP4
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.

Mass balance methodology

Comparison between DOMOS and CAMS_NRT 
dust (total) deposition flux over ocean



5. Links to other projects: CAMEO/WP4
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Sink of 
atmospheric 
aerosols BUT 
source for Earth’s 
surfaces (acids, 
ions, metals, …)
-> Milestone



5. Links to other projects: CAMEO/WP4
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Application: solar energy

Soiling of solar panels by deposited aerosols

In-situ 
measurement

s of the 
soiling rate 

(day-1) in Côte 
d’Ivoire

Correlation with 
CAMS parameters ?
(here dry deposition 
from CAMS)

Preliminary study on 1 site and 1 year. 
Requires to be extended over ~30 sites.



6. Conclusions
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Importance of dry deposition modelling for climate and air quality

Variability in model results and observations

Requires more observation

What is exactly measured ?

-> Recommendation by Farmer et al. [2021]: validation by 
observation of deposition of BC

+ independent measurement of snow albedo - > validation of BC 
deposition ?

Shi, T., Cui, J., et al., Atmos. Chem. 
Phys., 21, 6035–6051, 
https://doi.org/10.5194/acp-21-
6035-2021, 2021. 



6. Conclusions
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Thanks

Contact: te@hygeos.com
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