Y5-0A domio ATAA ¥ ©3led I Al (O 1 G 58953 4o

Hoaleul b o nsler Slyd p Joe (Spds S gl ow) 5
WRF wlbisibe Jds s HAM 3 9l a o, 5 b sud Ca> Glblu

LT L Y VoL
S olag 5 oty oSt e Jaale ¢ alB0 ) s 0 Sulie OL,

Ol sl olSils (8535 Ao 45715 (gl
Ol sl oSzl g o ¢ oolicilys 09,5 Jboli] "
Ol i3 SN G gl oo ¢ srliilp 09,7 wolial
A Fpgals S oo eoliilyss o o sale Sl g
rmash@ut.ac.ir, piran@ut.ac.ir, bidokhti @ut.ac.ir, johann.feichter@zmaw.de

OYAAITY oy gl OYAMYIYY sedl s g )

oS>

i a2 WRF Gladod —gdie oty Joo s HAM @iy figls o ond cds Juo jloslatal b Giaghy cul 5
Slyd il aojes Byl sly s ey I WRF-HAM  Jue (ol sils aitlsyy (95 paglon cl)d (589,500 (slansy) )
o o Sopglp Al Glase Jobs (g300k0 (0589 )Sn (Sladis B9 Do 00 (soded By lgie oS (G5 slon
ol 23S oy ol B b (Sesliage s Pl 55 9 )3 Selom g 958 5 car il Sl A g salpatum chyglom )3
2 Sl glejglsn ol slailie lsis 4 lé 53,5 @ld 5 1S (T 0 b )8 lilgus clojyglsn ¢ 3ios
o1 by (5315 S psilaus gl AL 45 Smd o s Al XF 093 Sy 13 (55lrents (slny0] ol Wloss s S L
b3 el oM sl g uslya )3 aw p Glage gl (Bpae CBLE S (eaan do 3 wx D S5 (ol
Sl e Wb e Sl (gilodund 0o sl dilaio )3 g (e g 1 VL L)l )3 (gubpain o )3 49l Olilg
sl 3 Cuplo s 4y e Jslomal 5 ateel o 93y 55 )3l 0d) 1 0gMe Gaglm SIS o 51 (55 S il
4o e 55 lsm S (Girelol g 0,8 g o0 30 bgnye diel (slase 4 0l el Jis] om0 5 Jglorals (sl
PSS cilie d plae dal & S o2y (] 45 29500 by slade Ll Bl Jlisl 5 bl py e

Gieled 5355 52 cstivtian clae WRF uliole Jao HAM jyslon Juo dagyglsn gl glaesls

Investigation of the microphysical processes on Aerosol particles using
the coupled system of the Aerosol HAM scheme and the meso-scale
WRF model

Rabab Mashayekhi', Parviz Irannejad™, Abbas Ali Aliakbari Bidokhti' and Johann Feichter?

Y nstitute of Geophysics, University of Tehran, Iran
2Max Planck Institute for Meteorology, Hamburg, Germany

(Received: 17 June 2009, accepted: 13 December 2009)

*Corresponding author: piran@ut.ac.ir oyl 05,155"


www.SID.ir

04

WRF olisole s s HAM 00 o)l > b s i Gl Sl oslizal b g s 5slsn Silyd 0 550 SO0 Ko glackul b )

Summary

In the present paper, the microphysical processes of aerosol particles are investigated
using the new coupled system of the aerosol HAM model and the Weather Research and
Forecasting (WRF) modeling system. The WRF-HAM model uses a new "pseudomodal”
approach for the representation of the aerosol size distribution. The aerosol population in
this model is represented by the superposition of seven modes, assuming a lognormal
distribution within each mode. The seven modes are grouped into four geometrical size
classes, ranging from the nucleation, Aitken, and accumulation modes to coarse modes.
Besides size, two categories of particles are distinguished, internally mixed and water
soluble particles (four modes), and externally mixed and insoluble particles (three
modes). This classification allows prediction of the hygroscopic properties of initially
insoluble aerosol compounds, which controls their atmospheric lifetimes and also their
interactions with clouds.

The WRF-HAM model includes the various microphysical processes of condensation
of sulfuric acid, nucleation and new particle formation, coagulation of aerosol particles,
and the thermodynamical equilibrium of aerosols with the water vapor. Gravitational
sedimentation and dry deposition are considered the main removal processes for the
aerosol particles in this coupled WRF-HAM model. The model also contains the in-cloud
scavenging of aerosol particles by precipitation within convective cumulus clouds. The
main global aerosol compounds including sulfate, black carbon, particulate organic
carbon (POM), sea salt and mineral dust have been considered in this study. The emission
fluxes of different aerosol compounds are prescribed based on the Emission Inventory for
the Aerosol Model Inter-comparison Experiment B, AEROCOM representative for the
year 2000.

The model simulations were conducted for a 24-hour period from 22 to 23 February
2006 in a domain with 30 km horizontal grid spacing, encompassing south-western Asia,
North Africa and some parts of Europe. The model simulation results were investigated
for different microphysical processes of condensation, nucleation and coagulation. For
better understanding of the treatment of different microphysical processes in this study,
all aerosol particles were assumed to have been emitted into the atmosphere only during
the first time step.

The model simulation results show that the sulfuric acid concentration consumed by
new particle formation in the nucleation mode is higher than that by condensation on
aerosol particles. In addition, the secondary sulfate aerosol in nucleation mode formed at
high altitudes.in the cloudy regions of the domain. It has also been concluded that aerosol
particles in both insoluble and mixed modes grow by condensation of sulfuric acid.
Moreover, it is shown that the condensation of gaseous sulfate on aerosol particles causes
the transfer of particles in insoluble modes to the corresponding mixed modes. Thus, the
mass of different aerosol compounds in insoluble modes decreases after condensation of
sulfuric acid over their surfaces, while that of the aerosol particles in mixed modes
increases significantly due to both condensation of gaseous sulfate and transfer of
condensed particles in insoluble modes. The coagulation process of aerosol particles was
further observed to modify the aerosol mass within the modes and transfers the
coagulating particles to the coarser modes. The aerosol mass modification by coagulation
is smaller than that by the condensation process.

Key words: Aerosols, aerosol HAM model, meso-scale WRF model, condensation,
nucleation, coagulation
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