Development of a reduced aqueous phase chemistry mechanism
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Introduction and Motivation

Motivation: Recent detailed 0-D multiphase chemistry model studies [e.g. Tilgner et al. 2008] have implicated the necessity of Reduction:  The mechanism reduction has been performed by means of a manual method including detailed chemical flux in-
more complex aqueous phase processes to be considered in future higher scale chemistry transport models vestigations and automatic method. Both methods have been focused on the identification and depletion of less im-
(CTMs). Important chemical cloud effects are mainly not yet considered or less represented in currently available portant chemical processes to provide a less computationally intensive mechanism. Finally, the results of the two
regional scale CTMs because of both the restricted knowledge in the past and the high computational costs of de- reductions have been compared. Based on the limitations of both reduction methods, the reduced CAPRAM
tailed aqueous phase chemistry mechanisms such as CAPRAM 3.01 (Chemical Aqueous Phase RAdical Mecha- mechanism was finally derived.
nism, Herrmann et al. [2005]). In this context, mechanism reductions using manual methods and automatic tech-
niques have been already carried out to develop simplified chemical mechanisms. 1. Automatic reduction (AR):

Objective:  The objective of the present work was to develop a reduced aqueous phase CAPRAM mechanism which is opera- The ISSA-method (Iterative Screening and Structure Analysis, Mauersberger [2005]) was used to determine unimportant chemical
tional in higher scale CTMs. The aim of a reduction was to develop a chemical mechanism with a manageable size processes and species in CAPRAM 3.01 mechanism. The reduction has been done by G. Mauersberger in the same manner as pre-
which accurately represents the main chemical processes viz. without a loss of key information. This will allow sented in Mauersberger [2005] for the former CAPRAM version 2.4 using a permanent cloud model scenario.
chemical investigations of a wider range of conditions in shorter time periods and in higher scales together with
transport and microphysical processes. Due to the CTM restrictions concerning an aqueous phase chemical interac- 2. Manual reduction (MR):
tion description, the aim of the reduction was develop a mechanism with less than 250 processes including chemi- The manual reduction was performed similarly to the studies of Ervens et al. [2003] based on detailed chemical flux analyses for
cal reactions, equilibriums and mass transfer processes of soluble compounds. The application of this reduced pre-selected key species (see Table 1) and was mainly focused on the organic chemistry. Thus, the condensed CAPRAM 2.4
mechanism should allow further investigations of the multiphase chemical processes in future regional CTMs. mechanisms (Ervens et al. [2003]; Mauersberger [2005]) have been used as initial start-up for the manual CAPRAM reduction. The

reduced CAPRAM2.4 mechanisms were linked to the organic extension of CAPRAM 3.0 describing the C -C, organic chemistry.

CAPRAM 3.01 reduced CAPRAM 3.0i The mechanism reduction studies have been carried out with the SPectral Aerosol Cloud Chemistry Interaction Model (SPACCIM,

688 reactions + 89 equillibriums Mechanism X reactions + equillibriums Wolke et al. [2005]). In this parcel model, a non-permanent meteorological cloud scenario was applied including an extended cloud

+ 52 phase transfer processes reduction + phase transfer processes passage of about 26 hours within 48 hours modelling time. The target species have been chosen relative to their roles in tropo-

@ spheric chemistry. For the identification of unimportant reaction paths and species, detailed chemical flux analyses have been per-
- formed mainly for the target species in different atmospheric scenarios.

Table 1: Selected target compounds for the CAPRAM reduction.
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1e-22 1e-21 1e-20 1e-19 1e-18 1e-17 1e-16 le-15 Te-14 1e-13 le-12 acteristics of inorganic and organic aqueous phase processes occurring in tropospheric warm clouds. The developed reduced mechanism with less than 200 reac-
NO , flux [mol m™ 5] tions 1s nearly a factor of 4 smaller than the full CAPRAM 3.0i. Most of the chemical reduction potential has been realised in the organic chemistry with 393

Figure 2: Comparison of the mean modelled in-cloud NO, and OH degradation fluxes of organics compounds under urban
conditions [Tilgner et al., 2008]. For magenta-marked chemical compounds the percentage contribution of the NO, reaction to
their total degradation is less than 5 %. These NO, oxidations were removed from the mechanism.

e Comparison of the AR and MR results
= Comparison of the manual and automatic reduction shows a good agreement with minor differences
in the organic chemistry.

minor important reactions. Moreover, the number of aqueous phase species decreased from 380 in the full CAPRAM 3.0i mechanism to 129 in the final reduced
version. The calculated percentage deviations between the two mechanisms are mostly below 5 % for the most important target compounds. Comparisons of the
required CPU times between the full and final reduced mechanism showed reductions of approximately 40 %. Hence, the mechanism should be applicable in re-
gional scale chemistry transport models. Numerical sensitivity tests showed the relevance of both the relative and absolute integration error tolerances for an ac-
curate and efficient modelling. The sensitivity studies have shown that particularly evaporation periods have shown to be circa three times more computationally
, _ . . . , . intensive than the in-cloud conditions. This has indicated the requirement for sufficiently accurate tolerance levels particularly there. Prospectively, the final re-
" Inorganic chemical mechanism part almost the same than obtained in previous studies (Mauersberger | 4,04 aqueous phase mechanism represents the basis for studying cloud effects on regional scale with CTMs such as the COSMO-MUSCAT [Wolke et al., 2006].

[2005]) g . ' Finally, the application of this new mechanism in various model studies will be essential for a better understanding of multiphase aerosol cloud processing effects

merge the reduction results and to derive adequate and feasible reduced mechanism

» The automatic ISSA screening method not able to detect rate-limiting steps in reaction chains (unimportant processes such as uni- References

molecular and bimolecular RO2 decays g well s hydratlons not removed from the mechamsm) . Ervens, B. et al. (2003) Journal of Geophysical Research, 108, - Wolke, R. et al. (2006) NIC Symposium 2006, Proceedings, edited by G. Miinster, et al., pp. 281-288,
= [SSA program not able to reformulate chemical processes, therefore the number of processes differs considerably between the two Herrmann, H.et al. (2005) Atmospheric Environment, 39, 4351-4363 John von Neumann Institute for Computing, Jiilich
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Based on the obtained mechanism differences, the inorganic chemical processes in the final reduced mechanism have been mainly Acknowledgement J v i ]
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" AR removed more NO, radical oxidations caused by the performed permanent cloud modelling which presumably tends to under-
estimate the NO, radical importance (see Tilgner et al. [2008]).
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