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IMK-Projekt:

Troposphere/stratosphere exchange, and influence of solar variability as examples to coupling of chemistry and dynamics in the middle atmosphere (TEDDY)

as a part of the joint-project:

Coupling of dynamics and atmospheric chemistry in the stratosphere (KODYACS)

The main objectives of TEDDY refer to two of the central questions of KODYACS, namely
 how does the cross tropopause airmass transport work,
 and to what extent do individual components of natural variability (in particular solar activity cycles) contribute to the observed changes of trace gases and meteorological variables.
 In order to contribute to answers to these questions the Karlsruher Simulation Model of the Middle Atmosphere (KASIMA) together with analyses of the MIPAS/ENVISAT data are used.

Algorithms have been refined to retrieve water vapour vol​ume mixing ratios (vmr) and temperature from MIPAS observations in the tropical tropopause region. A stra​te​gy has been developed to optimise accuracy versus vertical resolution for the retrieved water vapour/​tem​perature profiles. The retrieval methods were tested with data sets measured by MIPAS/ENVISAT on July 24, 2002. Meaningful data can be obtained between the upper troposphere and the stratopause. From the results obtained so far we conclude that our data processing system has passed the functionality tests. Geophysical validation will be the next step.
A new scheme that enables a quantitative investigation of complex structured surfaces was developed and applied to the climatological structure of the tropopause (TP). ECMWF analyses prepared with KASIMA of the years 1979-98 were compared with a 20 year 1990 timeslice experiment of the DLR E39/C Chemistry Climate Model. As expected the seasonal mean of the (TP) height derived from ECMWF has a rather steep gradient in subtropical regions where the jet streams develop. The E39/C model does reproduce this with a generally less steep gradient. The variability of the TP-height peaks in both models in the subtropics with a considerable larger variability in the E39/C model.

For studying solar effects within the KASIMA model, the photolysis module must be expanded to correctly represent the spectral dependence of the variation of the solar radiation in the UV. Therefore the radiation transfer of Lyman-alpha photons was studied in detail with a Monte Carlo program developed within the project. From theses studies a new parameterisation was derived. This new parameterisation can be used in models of the partners. Comparisons of different photolysis modules showed large deviations for UV sensitive gases below about 50 km altitude, caused in part by deviations of the actinic flux in the spectral region around 200 nm. The Monte Carlo program was extended to correctly describe radiation transfer in the Schumann-Runge bands of O2 including Rayleigh scattering and spherical geometry. Studies are underway to test the consequences for the stratospheric chemistry and the sensitivity for variation of the solar UV flux.

Algorithms to derive temperature, ozone, NO, and other trace gases in the middle to upper atmo​sphere from MIPAS/ENVISAT data by accounting for non-LTE effects have been applied to early MIPAS spectral data sets. Compared to results of a LTE retrieval, the tem​perature and ozone fields show significant deviations in the stratopause region and above (more than 5 K in temperature and 10 % in ozone vmrs) while below the stratopause the LTE approach achieves comparable results. The 

retrieval of stratospheric NO from standard observation mode data (altitude coverage 6 - 68 km) proved to be feasible. These results confirm that accounting for non-LTE in the strato​pause region and above is necessary to derive correct temperature and vmr fields from MIPAS data.

