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MIcrophysical Processes in the Stratosphere and their nonlinear interactions with a chemical-mikrophysical climate model 

as a part of the overall-project:

Coupling of dynamics and atmospheric chemistry in the stratosphere (KODYACS)
We used the chemistry climate model MAECHAM4/CHEM with interactive and prognostic volcanic aerosol and ozone, to study the 1991 eruption of Mt. Pinatubo. We ran the model for two years after the eruption and compared the results with those of the undisturbed model run. Since the results of such single experiments generally are dependent on the weather noise, we have mainly concentrated on parameters that are less affected by this. Our model results show that the treatment of the volcanic aerosol with a bulk approach and a simple parameterization for the aerosol size distribution can reproduce the observed atmospheric effects after the Pinatubo eruption reasonably well. The aerosol mode radius is overestimated in the first months after the eruption, which leads to strong perturbations in the heating rates and to enhanced downward transport. The simulated aerosol surface area density corresponds quite well with observations from the Northern Hemisphere midlatitudes. Deviations are related to difficulties in the simulated long range transport and to numerical vertical diffusion in the model. The model is not capable to capture the observed distinct small aerosol layers and strong vertical gradients. The changes in the chemical concentration due to the volcanic aerosol are a combined effect of changes in the heterogeneous chemistry, in the photolysis rates and in the heating rates. Column ozone decreases in the tropics by about 2%-3% in autumn 1991 in good agreement with the observations. The strong ozone decrease in polar winter is also reproduced by the model. 

For a more realistic determination of the atmospheric effects of the Pinatubo aerosol, microphysical processes of the formation and the development of stratospheric aerosol have to be considered which requires an explicit size resolving treatment of aerosol microphysics in the global model. We have coupled the global stratospheric aerosol model which explicitly calculates microphysical processes (nucleation, condensation, coagulation, sedimentation) with the MAECHAM4/CHEM. In this context SAM has been substantially revised. A new parameterisation of the homogenous nucleation rate has been implemented. In addition we introduced COS and H2SO4 as new tracers in the model and extended the CHEM with a stratospheric sulfur scheme. At present, this model configuration is tested and optimised with respect to CPU. The optimisation of the model is a challenging task and essential for the extension of the binary H2SO4/H2O- system to ternary (H2SO4/HNO3/H2O) system with which we recently started. 

Parallel we are working on the implementation of a FORTRAN90 version of SAM into ECHAM5, which is currently under development. An advantage of ECHAM5 is that it can quite easily be run in a 1d version which allows a relative fast testing of parameterizations. The model can also be operated in a nudged mode and is therefore better suitable for a comparison with specific observations. For the implementation in ECHAM5 SAM is rewritten in FORTRAN90 and adopted to a modular structure. This should make a coupling with the PSC and chemistry modules from MPI-C quite easily. 
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