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Dynamical chemical interaction in the stratosphere – Part 1: dynamics and transport.

The multi-year simulations with the MAECHAM4/CHEM model of the middle atmosphere with interactive chemistry, a co-operation of MPI-MAECHAM and MPI-C, are completed. These experiments are performed with prescribed boundary conditions (for greenhouse gases and sea surface temperature) typical of 1960 and 1990, respectively. In addition, a control simulation without  interactive chemistry for 1990 conditions is ongoing (so far, 20 years are available). The analysis of these simulations is focusing (1) on the role of interannual variability in determining the climatology, (2) on the radiative forcing,  and (3) on the possible role of chemistry in the interannual variability of the stratospheric circulation. The analysis makes use of the Transformed Eulerian Mean (TEM) theory to evaluate the large scale transport and to investigate how the large scale transport varies with changed boundary conditions.

The transient experiments 1960-2000, as planned in KODYACS, are designed to follow the major modes of low frequency variability as observed in 1960-2000. Therefore the quasi-biennial oscillation (QBO) in the zonal wind in the equatorial stratosphere must be assimilated in the atmospheric general circulation models The assimilation of the QBO in the MAECHAM4/CHEM model system consists of two basic parts: a) the data set describing the QBO; b) the assimilation scheme for the zonal wind in the MAECHAM4 atmospheric general circulation model.

The QBO is generally described by wind profiles measured at the equator. Radiosonde data cover the lower stratosphere up to 10 hPa. Such traditional data are available from Canton Island (1960-1967), Gan/Maledives (1967 1975) and Singapore (1976-2000), that is for the whole period required. A time series of monthly mean zonal wind at these stations is provided by B. Naujokat from FU Berlin. The analysis of wind profiles from rocket measurements shows, that the QBO has a vertical extension up to approximately 3 hPa. Rocket data are available for Kwajalein (8.7N) and Ascencion Island (8.0S), both too far from the equator to show the undisturbed QBO. However, the QBO at higher levels can be reconstructed by a propagation operator which propagates the QBO backward in time from a given level to higher levels using a specified propagation velocity. This way a QBO dataset has been constructed for the vertical range of 90 to 3 hPa for the time 1960 to 2000.

An assimilation scheme has been developed and implemented previously in ECHAM4 to study QBO effects in the troposphere. This scheme is now extended for the use of the new QBO data set covering the years 1960 to 2000, and for the application in the MAECHAM GCM which has a higher vertical extension (top at 0.01 hPa) than ECHAM4 (top at 10 hPa). In MAECHAM4 the domain of the QBO assimilation extends vertically from 90 hPa to 3 hPa, in ECHAM4 from 90 hPa to 10 hPa. The QBO assimilation has been successfully tested in the MAECHAM GCM, and the scheme has been provided to DLR for application in the ECHAM4-DLR GCM.
