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Introduction and Motivation

Recent detailed 0-D multiphase chemistry model studies [e.g. Tilgner and Herrmann, 2009] have implicated the necessity of more complex aqueous phase = The mechanism reduction has been performed by means of a manual method including detailed chemical flux investigations and an auto-
processes to be considered in future higher scale chemistry transport models (CTMs). Important chemical cloud effects are mainly not yet considered or  matic method. Both methods have been focused on the identification and depletion of less important chemical processes to provide a less
less represented in currently available regional scale CTMs because of both the restricted knowledge in the past and the high computational costs of de-  computationally intensive mechanism. Finally, the results of the two reductions have been compared. Based on the limitations of both re-
tailed aqueous phase chemistry mechanisms such as CAPRAM 3.01 (Chemical Aqueous Phase RAdical Mechanism, Tilgner and Herrmann [2009]). In  duction methods, the reduced CAPRAM mechanism was finally derived.

this context, mechanism reductions using manual methods and automatic techniques have been already carried out to develop simplified chemical mecha- For the automatic reduction (AR), the ISSA-method (Iterative Screening and Structure Analysis, Mauersberger [2005]) was used to
nisms. First objective of the present work was to develop a reduced aqueous phase CAPRAM mechanism which is operational in higher scale CTMs. The  determine unimportant chemical processes and species in CAPRAM 3.01 mechanism. The reduction has been done by G. Mauersberger
mechanism reduction was aimed to develop a chemical mechanism with a manageable size (about 250 chemical processes) which accurately represents  in the same manner as presented in Mauersberger [2005] for the former CAPRAM version 2.4 using a permanent cloud model
the main chemical processes viz. without a loss of key information. This will allow further investigations of the multiphase chemical processes  scenario.The manual reduction (MR) was performed similarly to the studies of Ervens et al. [2003] based on detailed chemical flux
for a wider range of conditions in shorter time periods and in  analyses for pre-selected key species and was mainly focused on the organic chemistry. The MR reduction studies have been carried out
reduced CAPRAM 3.0 higher scales together with transport and microphysical processes  with the SPectral Aerosol Cloud Chemistry Interaction Model (SPACCIM, Wolke et al. [2005]). In this parcel model, a non-permanent
L reactions + equillibriums in future regional CTMs. Second objective of the present work  meteorological cloud scenario was applied including an extended cloud passage of about 26 hours within 48 hours modelling time. The
+ phase transfer processes was to examine the applicability of the reduced mechanism for  target species have been chosen relative to their roles in tropospheric chemistry. For the identification of unimportant reaction paths and
later regional scale applications by means of 2D test simulations  species, detailed chemical flux analyses have been performed mainly for the target species in different atmospheric scenarios.

with the MUSCAT model [Wolke et al., 2004].

CAPRAM 3.0i

688 reactions + 89 equillibriums
+ 52 phase transfer processes
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acidification using C3.0RED seems to be caused by the production of organic acids. Because of the differences in pH between C3.0RED and INORG, Xk . X/ km _ . _ .
they result also in different regimes e.g. for the S(IV)-oxidation (see Figure 8). Figure 6: Gas phase concentration for HO, and OH for the urban scenario at highnoon. The cloud passage is marked with the blue rectangle.
a)
2.0 .
g _— B Summary and Outlook
s 2.
Bl 4.9 A manual and automatic chemical mechanism reduction was performed in order to develop a reduced CAPRAM 3.01 mechanism. For the
] 2(1) mechanism reduction manual and automatic techniques were applied in order to provide a less computationally intensive mechanism which is
E - 5' 5 operational in regional scale CTMs and accurately represents the main characteristics of inorganic and organic aqueous phase processes occur-
N ] 5'3 ring in tropospheric warm clouds. The developed reduced mechanism with less than 200 reactions is nearly a factor of 4 smaller than the full
B 54 CAPRAM 3.01. Most of the chemical reduction potential has been realised in the organic chemistry with 398 minor important reactions. Moreo-
B 55 ver, the number of aqueous phase species decreased from 380 in the full CAPRAM 3.01 mechanism to 130 in the final reduced version. The cal-
Bl 5.6 culated percentage deviations between the two mechanisms are mostly below 5 % for the most target compounds. Comparisons of the required
5.7 CPU times between the full and final reduced mechanism showed reductions of approximately 40 %. In order to examine the applicability of
] gg the developed reduced mechanism for later regional scale applications, 2D test simulations with the MUSCAT CTM were performed using
b) - 6. 0 fixed meteorological conditions. Simulations with the reduced CAPRAM 3.01 mechanism and a less complex inorganic aqueous phase chemis-
6.1 try mechanism (INORG) were compared to evaluate the effects of more detailed chemistry. The model results show considerable differences in
6.2 the multiphase oxidation budget and the inorganic mass processing. Prospectively, the reduced mechanism represents the basis for studying
6.3 aerosol cloud processing effects on regional scale with future CTMs and will allow also more adequate interpretation of field data. Prospec-
= 6.4 tively, the final reduced aqueous phase mechanism represents the basis for studying cloud effects on regional scale with CTMs such as the
- 6.5 COSMO-MUSCAT. Finally, the application of this new mechanism in various model studies will be essential for a better understanding of mul-
A = gs tiphase aerosol cloud processing effects on regional scale in future CTM applications and will allow also more adequate interpretation of field
' data
B 6.8 :
| I I [ .
1.50 1.75 2.00 2.25 Ervens, B. et al. (2003) Journal of G;ophyslcal Research, 108,
. | 8206 0. | Mauersberger, G. (2005) Atmospheric Environment, 39, 4341-4350
x / km ‘.8 g8l Sehili, A.M. et al., 2005 Atmospheric Environment, 39, 4403-4417 74y
Figure 7: Distribution of pH within the cloud for a) C3.0RED  Figure 8: a) Modeled multiphase S(VI) mass [ug m] for the C3.0RED remote case at midnight. Tilgner, A. and Herrmann, H.(2009) submitted to Atmospheric Environment,

Wolke, R. et al. (2004), in Parallel computing: Software technology, algorithms, architectures and applications,
G. R. Joubert, W. E. Nagel, F. J. Peters, and W. V. Walter, Eds., Elsevier, 363-370.
Wolke, R. et al. (2005) Atmospheric Environment, 39, 4375-4388
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S(VI) mass for INORG). Modeled summed up mass of oxalate, glyoxylate, glycolate and pyruvate

and b) INORG at midnight for the remote case. b) Difference of S(VI) mass in ug m> between INORG and C3.0RED (negative sign means more
I in ng m> at midnight for a) remote and b) urban environment.The cloud is located within the black
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