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For many years, scientists in universities and research institutes
across the world have worked on building collections of chemistry
models and data for simulating atmospheric processes. These now
take the form of highly complex chemical mechanisms that allow the prediction and understanding of the formation of noxious species within the atmosphere. Solving such complex chemical mechanisms requires the use of a
robust and efficient mathematical integrator.
The most commonly used package for atmospheric chemistry
applications is FACSIMILE for Windows. This code has been developed
over several decades to focus on the solution of chemical kinetics and
transport problems. It is sufficiently robust and efficient to be able to handle
the extremely complex nature of atmospheric chemistry mechanisms, which
can involve thousands of chemical species and tens of thousands of chemical reaction steps. The FACSIMILE software is used by leading atmospheric
chemistry modelling centres (universities and research institutes) throughout
the world for studies such as:
■ The formation and control of photochemical ozone on a regional scale.
■ The chemistry of OH and HO2 in urban atmospheres (e.g. large cities).
■ The nucleation and growth of aerosol particles.
■ The formation of NOx during combustion processes.
■ The formation of ozone downwind of industrial sources of hydrocarbons.
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A complex chemical mechanism, the Master Chemical Mechanism (MCM) has been
de-veloped through a consortium involving the University of Leeds, Imperial College
London, The National Environmental Technology Centre and the UK’s Meteorological Office, funded by the UK Department of Environment. The MCM, describes the tropospheric
oxidation of VOCs and is based on laboratory data and theoretical models of the component
elementary reactions. Version 3 of the MCM comprises a detailed mechanism that describes
the oxidation of 125 VOCs that together provide ca. 91% mass coverage of the emissions of
uniquely identifiable chemical species. The MCM contains in the region of 12,600 reactions and
4,500 chemical species.

The MCM is constructed to use the FACSIMILE for Windows software package for numerical integration and sensitivity analysis. The
MCM, together with FACSIMILE, has been used extensively for modelling
atmospheric processes. The MCM has been validated through field measurements of OH and HO2 concentrations in the atmosphere in locations
such as Greece, Ireland and the UK. The measurements have been interpreted by models based on MCM and this has considerably facilitated the
development of the understanding of atmospheric chemistry. More controlled experiments have been conducted in large environmental smog
chambers, such as the European Photochemical Reactor (EUPHORE) at
Valencia, which provides an ideal environment for the investigation of specific organic compounds under realistic conditions, providing further validation for the MCM.
FACSIMILE for Windows and the MCM are also used in photochemical trajectory models (PTM) designed to assess the impact of
individual VOCs on regional photochemical ozone production. The
models operate on an idealised 5-day trajectory over large regions, and are
used to calculate the increased ozone formation caused by small changes
in the emissions of individual VOCs. Calculations, using the MCM, of the
potential for organic compounds to generate ozone on a regional scale have
been widely used by the UK Department of Environment as aid to policy
making. An alternative approach, namely integrated downwind ozone
production (IDOP) from an industrial source of VOC, has also been investigated and is easier to apply in the context of regulation of industrial processes.
Further information on the MCM can be found at:
http://chmlin9.leeds.ac.uk/MCMframe.html

The composition of an air parcel simulated over several days using FACSIMILE
Courtesy Mike Jenkin, Imperial College, London
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