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Introduction and model outline

Organic chemistry

The parcel model SPACCIM (Spectral Aerosol Cloud Chemistry Interaction Model) has been applied to investigate the 1e-9 ; ; ; ; -+ 6e-4 se8
effect of multiphase cloud processing on tropospheric aerosol particles and trace gases resulting from a passage through i GHOMCHOH), |
an orographic cloud at Mt. Schmucke (Thuringia, Germany) during the joint research project FEBUKO (field investigation 1e-9 4 N e S B e | 5e-4 oo L
of budgets and conversions of particle phase organics in tropospheric cloud processes) in October 2001 and 2002 G \ F YTII D oomionom: | o e
(Herrmann et al., 2005a). Measurements were made at three sampling stations (upwind site / summit site Schmiticke / % 8e-10¢ s ,—- Ell CHEOMgCHOH), /| 4e-4 TE) N N
downwind site). Simulations were made with an air parcel traveling along a trajectory from Goldlauter across the orographic E G Elll total LWC = E T el oHcoonaa |
. . c ; (@) = bbb, . - P : i 3 (@aq) |
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P arad== Nl A== e\ the SimUIationS was tO investigate the mUIti' % ?,» % i ,,,,, AAAAA _ E:: g:zggg:(aq) _
10007 orographic doud phase processing of the aerosol occurring S 4e-10] |2e4 T8 L oo |
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TR oG "| incorporation and transformation of inor- 2e-10-  1e-4 Aol IEERE -
Gehlberg | ganic as well as in particular organic atmo- R 0 742 e B EAE A A
8 700 = spheric trace constituents. Model results 0 5 SO e v
5 oo | have been compared with in-cloud obser- 0 1BED 1200 1400 0 200 600 800 1000 1200 1400
: ~ | vations at the summit and measurements time (s)
>N 2000 13000 4000 , © | at the downwind station in order to inter- Figure 5: Multiphase concentrations of glyoxal and acetic acid vs. travelling time for the cloud events E |LE Il and E III.
1 Distance [m] ' y i . ;
g : A E “ E:)ent :)?ethixfneljll’;nir::é iﬁfm?;? f?r:o\c/jaellld?r; Be_cau_se of the Iirr_lited cloud passage duration gnd the_low or not available actin_ic radiatiop dur_ing th_e events, the radical
mz 4c ,""L.{_.fn E I o pevents . ir¥vesti at.e q oxidation of organic c_ompounds: is generally quite restricted. Therefore, production of acetl_c aC|d_wh|ch IS m_creased after
gL, Z/’ : ~——+ 1 out ,of T e enis(El e II'gE III). the cloud passage W|_th approximately 0.6, 1.1 and 1.3 °/f> fo_r EIlL E I! and E lll, respectively, is not dominated _by ’Fhe
e T I BT ) BT = ’ e ’ . direct aqueous oxidation of acetaldehyde. The concentration increase is almost solely caused by the aqueous oxidation
e S g were £ tedibased on delalled analysis pathway of the acetylperoxy radical which is efficiently transferred into the cloud droplets (Figure 5). At the summit the
, SR _ _ _ _ o meteorgloglcal comeleie: gas phase concentrations of glyoxal are decreased of about 72, 56 and 18 % for E |, E Il and E lll, respectively. Futher-
Figure 1: Investigation area: topographic profile and region map with the trajectory (red line). more, hydrated carbonyls such as glyoxal reach their maximum concentrations in the aqueous phase at the highest
The air parcel model SPACCIM (Wolke et al., 2005) was developed for the description of cloud processes combining a LWC level (summit) but rather about 100 s later due to the duration of the hydration process.

complex multiphase chemistry with detailed microphysics. The description of both separate processes is performed for a _

highly size-resolved particle and droplet spectrum. The model allows a detailed description of the processing of gases

and deliquescent particles before the cloud formation, under cloud conditions and after cloud evaporation. All micro- Com parlson mOdeI resu Its VS' measu rements
physical parameters required by the multiphase chemistry model are taken over from the microphysical model. The

adiabatic air parcel model contains a detailed description of micro-

physical processes of deliquescent aerosol particles and droplets, see Aerosol Composition 27.10.2001 * —— ——
Simmel et al. (2005). The applied explicit multiphase mechanisms con- | * 30 -—--Eld | — =S 30 c——e Bl |2 | EEC ; EEIEEEEL
sists of CAPRAM 3.0 (Herrmann et al., 2005b) and the gas phase N Eng| @ i i BETin S R Ellu L iAN
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Henry's equilibrium, gas phase diffusion and mass accommodation co- |3 - g, <0 ',-;" N E 20 —— — 4 — A
efficients. For the simulations a fine resolved particle spectrum is con- | s T Wi 2 \‘:.“
sidered. CAPRAM 3.0 contains a complex implementation of aqueous |z 3 ‘;' ‘.‘\‘ i%’ oA \:“
phase inorganic as well as organic chemistry including organic species | « = V7 VS \y = 0 5//'?__ IBER
with up to mainly four carbon atoms. The chemistry mechanism was | e A IR\ = e SR
initialised with physical and chemical data based mainly on the meas- 5 e —— ,'ﬂ'é ’;'::,:==-'~§\g 3
urements of the upwind site (cp. Tilgner et al. 2005). The initialisation | = ~ .~ ... ... o __,.F:f' N e,gf::é:’;' UL
of the particle phase based mainly on measurements with a five stage Particle Diameter [um] 0 ——emcmmsmak RS ————— 0 eeeememesmsziglogee” 0 Teedd
Berner impactor (see Figure 2) and a DMPS (Differential Mobility Parti- Figure 2: Chemical aerosol particle composition 10 o100 1000 10 100 1000
cle Sizer). for the cloud event E | (27-10-2001 09 UTC). Cyl PAIEta CIRmEEF 3, (1) wet particle diameter Dy, (nm)

Figure 6: Measured (average of all measured size distribution of the event) [left] and calculated [right] spectral distribu-
tion of the dry particle mass at the two valley stations (u: upwind site , d: downwind site) for the all treated cloud events.

Simulation results and discussion

Microphysical conditions

The dry mass increases slightly before and extensively
during the cloud formation as well as decreases with the
cloud evaporation due to the uptake of soluble gas phase
species followed by back-transfer of such species upon
cloud water evaporation (Figure 7). At the end of the simu-
lation the total mass has increased by 0.7 yg m= or 14 %
for event EIlll. The comparison between the valley stations
spectrum shows that the mass increase is limited to a size

9.0

As can be seen from Figure 3 the transport of the air parcel takes about 23 minutes from upwind to downwind site. The
droplet activation occurs at about 325 s (E ). Consequently, droplets larger than the activation diameter of about 180
nm are activated to cloud droplets with a huge increase of the mean diameter especially within the first 100 s due to the
peak of the supersaturation. Therefore, an interstitial aerosol spectrum as well as a cloud droplet spectrum arises from
the relatively uniform deliguescent aerosol spectra. The LWC predicted by the model follows the mean diameter as well
the corresponding number concentration and reach the total maximum value of about 0.52 g m-3 at the summit.
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Figure 3: Temporal evolution of mean radius and LWC of all size bins of the particle/droplet spectra for the cloud event E |. £ o Caleium simulation results exist for the higher carbonyls. The cloud
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According to the simulation times, the cloud event E | shows a mixed radical regime of typical day and night conditions. 5 17 /@ Eglyplfji:%d measured concentrations of the carbonyls are significantly
Hoyvgver, f[he_ event appears to be mainly _characterlsed_ by.a nighttime ghemlstry_ regime because of the low av.allable 3 . i ey dissimilar from the value which can be derived from Henry
actinic radlatlon due tq th.e. occurrence of high clouds_shleldlng the experlmentgl sites. The gas phase concentrations of = / %@ / ;zﬁgdy solubility calculations, see van Pinxteren et al. (2005). The
the radicals become significantly reduced w(r)lep the hill-capped cloud forms (Figure 4). In the case of OH, the decrease e o 1oe, .. model is not able to explain these high cloud water concen-
of the gas phase concentration of about 44 % in the cloud is mainly caused by the efficient uptake of the precursor HO, E/ Wi trations. Other previous field measurements showed similar
into the cloud and not by the direct phase transfer into the droplets. Compared to the relatively low concentrations of OH le-10 omicxd  observation also for other hydrophobic organic compounds
and NO, in the aqueous phase, HO, /O, reaches concentrations at the summit of about 2.0-10'3. These levels are very le-10 de9 e e de6 deS et e . :
3 . S . . | 1 such as pesticides (Glotfelty et al., 1987). Possible explana-
small for the hydroperoxyl radical which is generally regarded as the most abundant tropospheric aqueous phase radical Measured concentration [mol I”']

tions for these findings discussed in the literature are the

Figure 8: Comparison between the measured and mod- adsorption on cloud droplet surfaces (Valsaraj et al., 1993)
elled cloud water concentrations (mol I'') at summit for the as well as chemical productions from higher concentrated

the concentration level of which was reported to be in the order of 3-10'2 to 3-10"° mol m™ in box model calculations
(Herrmann et al., 2005b). The strong reduction in the HO, aqueous phase concentration is caused by a predominant
TMI (transitional metal ion) nighttime chemistry in all three events.

cloud event E III. and soluble carbonyl precursors.
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