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DWD-Project:

Mechanisms coupling Stratosphere and Troposphere in observations and modelling-results

as a part of the joint-project:

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

The first goal of this sub-project was to quantify various contributions to ozone and temperature fluctuations on time-scales from months to years as a function of altitude and season. For this purpose monthly mean ozone concentrations at Hohenpeissenberg were described as a sum of various contributors (Steinbrecht et al., 2001):

O3 = j*lin._trend + f*Solar_Cyle + a*strat._Aerosol + q1*QBO10mb + q2*QBO30mb 

+ (pi*met._parameteri + e*ENSO + Rest

The predictors (contributors) linear trend, 11-year solar-cycle, Quasi-Biennial-Oscillation, stratospheric aerosol, tropospheric circulation-indices, and El-NinoSouthern-Oscillation index were chosen a priori. From given data (O3) and predictors the coefficients j, f, a, q1, etc., and thus the different contributions, can be determined by stepwise linear regression. Only statistically significant (P > 90%) predictors were left in the regression.

The main features of the time series, long-term ozone increase by about 10% per 10 years in the troposphere, ozone decrease in lower (-3% per 10 years) and upper stratosphere (-5% to -15% per 10 years), periodic influence of the QBO, are well reproduced by the regression.

For the altitude range 10 to 20 km the meteorological term turned out to be by far the largest contributor to ozone fluctuations. This is a manifestation of a strong coupling between troposphere and stratosphere. Corresponding ozone fluctuations in the lowermost stratosphere are of the order of 20 to 50%. Above 20 km the tropospheric influence vanishes, with the exception of altitudes around 40 km in winter. The small influence found there may well be a consequence of well known stratospheric/tropospheric coupled modes (Arctic Oscillation). QBO signals appear in two main regions. A strong signal, with peak-to-peak amplitude exceeding 6%, starts in summer around 45 km altitude and moves down towards about 30 km until the next spring. The second strong QBO signal, with peak-to-peak amplitude of about 8%, typically starts in winter around 22 km altitude and moves down to 17 km in the summer. There are also indications of QBO influence on ozone in winter in the troposphere and near the tropopause in spring. There is a small influence of the 11-year solar cycle, up to 5% peak-to-peak amplitude, around 22 km altitude throughout the year.

It is planned to apply the same regression analysis to long-term data from North American and Japanese sonde- and lidar stations. An intensive comparison with model simulations is also planned. These simulations are done with various versions of the ECHAM/CHEM Climate-model at the Max-Planck-Institutes for Meteorology and Chemistry in Hamburg and Mainz, and at DLR in Oberpfaffenhofen.

