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Overview

During 2004 the activities of the WG RSMA (Working Group "Remote Sounding of the Middle Atmosphere") were concentrated on two tasks:

1)      The intercomparison (indirect validation) of the profiles of the middle atmosphere parameters which were obtained by different methods from limb infrared spectra registered by the CRISTA instrument.

2)      The comparison of the middle atmosphere parameters obtained from the limb infrared spectra registered by the CRISTA instrument with the results of numerical modeling.

The cooperative research was carried out by:

¨      Research Institute of Physics, St.Petersburg State University (Russia)

¨      The University of Wuppertal (Germany)

¨      Max Planck Institute for Meteorology (Hamburg, Germany).

Background, Motivation and Input Data

In 1994 and 1997 two experiments were carried out with the Cryogenic Infrared Spectrometers and Telescopes for the Atmosphere (CRISTA) instrument. The instrument measured limb infrared atmospheric radiance in a wide range of tangent altitudes and in broad spectral regions. As a result of the interpretation of these measurements, a large amount of data on temperature and composition of the atmosphere has been obtained.

The validation of the results of the remote sensing of the upper stratosphere, mesosphere and lower thermosphere is rather problematic, if compared to the lower atmosphere, first of all due to the relatively small number of independent direct measurements of atmospheric parameters, which are suitable for validation purposes. Therefore, the intercomparison of the results derived from different satellite experiments and derived from the same experimental data but by different methods is very important as indirect validation. In parallel, the comparison of the retrieved data with the results of the numerical modeling is important not only from the standpoint of validation, but also as a means of better understanding different processes in the middle atmosphere.

The retrieval of atmospheric parameters from the CRISTA spectra by St.Petersburg team and by Wuppertal team was done accounting for the nonlocal thermodynamic equilibrium effect by different methods. The method used by Wuppertal team was based on the modeling of the nonequilibrium populations of the vibrational states of molecules. The method used by St.Petersburg team included the retrieval of the nonequilibrium populations together with the retrieval of temperature and gas composition.

The coupled general circulation and chemistry model HAMMONIA developed in Hamburg provides data sets of atmospheric parameters up to about 250 km altitude for given time period on a global scale. The comparison of model calculations with CRISTA retrieval results gives the excellent possibility for additional validation and for studying different atmospheric processes.

The input data were as follows:

For task 1: Ozone profiles obtained independently and by different methods by Wuppertal and St.Petersburg teams (CRISTA-1 experiment, November 1994).

For task 2: Temperature, pressure, and ozone profiles obtained by St.Petersburg team (CRISTA-1 experiment, November 1994) and corresponding profiles calculated by HAMMONIA model (November conditions).

Results (the examples)

We present several plots as illustrations of the results of the intercomparison activities.

Figs. 1 and 2 show the agreement between day and night time mean ozone profiles obtained by two different methods. Fig. 3 displays the latitudinal behavior of ozone volume mixing ratio (vmr) obtained by the two methods for several altitudes.

The results of the intercomparison of CRISTA retrievals with model predictions are illustrated in Figs. 4-7. The major attention was paid to the parameters of mesospheric temperature inversions: Amplitude, vertical extension, bottom altitude and bottom temperature. The intercomparison was carried out for daytime and nighttime conditions separately and for the complete set of measurements as well. Here we present the plots corresponding to the complete set of data.

Fig. 4 shows the latitudinal behavior of the inversion bottom altitude and temperature. Figs. 5 and 6 demonstrate the distribution of the inversion amplitude and vertical extension.

As an illustration of the results of the ozone profile intercomparison (CRISTA – HAMMONIA model), we present ozone vmr day/night ratio profile in Fig. 7.

Fig. 1. Left: Ozone mean profiles obtained by different methods – St.Petersburg (1) and Wuppertal (2) (averaging over day time profiles). Right: Difference between mean profiles (1) and the combined error corridor (2).

Fig. 2. Left: Ozone mean profiles obtained by different methods – St.Petersburg (1) and Wuppertal (2) (averaging over night time profiles). Right: Difference between mean profiles (1) and the combined error corridor (2).

Fig. 3. The latitudinal dependence of the ozone vmr at different altitudes: dots – St.Petersburg, triangles - Wuppertal. Night time.

Fig. 4. Zonal mean bottom altitude of mesospheric temperature inversions (left) and temperature (right): CRISTA (1) and HAMMONIA (2).

Fig. 5. Distribution of amplitude of mesospheric temperature inversions: CRISTA (left) and HAMMONIA (right).

Fig. 6. Distribution of the vertical extension of mesospheric temperature inversions: CRISTA (left) and HAMMONIA (right).

Fig. 7. Ozone day/night ratio: CRISTA (1) and HAMMONIA (2).

Conclusion

The results of the intercomparison of ozone profiles obtained from the CRISTA spectra by the two different methods have shown the following:

¨ Good agreement of the mean daytime and nighttime volume mixing ratio (vmr) profiles was observed. The differences are within the combined error limits.

¨ The difference between O3 mean vmr profiles obtained by two methods is smaller for night time measurements.

¨ Both methods show similar latitudinal behavior except for daytime measurements at 80 km altitude.

¨ Good agreement of the obtained results may be considered as an indirect validation of the retrieved data.

¨ Despite overall good agreement, the differences have been observed. The reason for systematic difference between mean profiles is still unclear. The correlation coefficient for daytime ozone values in the altitude region 67.5-80 km and for nighttime ozone values in the altitude region  60-75 km is low. The differences between ozone variability profiles obtained by two methods is not understood in several altitude regions.

The results of the intercomparison of the middle atmosphere parameters obtained from the CRISTA spectra by the method developed at St.Petersburg University with the results of numerical modeling (HAMMONIA model) have shown the following:

¨ The altitudinal and latitudinal behavior of the parameters of mesospheric temperature inversions are in excellent agreement.

¨ Ozone mean profiles, latitudinal variability, day/night ratio obtained from CRISTA measurements and calculated by HAMMONIA model are in very good qualitative and quantitative agreement.

¨ There are still several points to be clarified. There are differences in the zonal mean values of inversion altitude (up to 4 km) for daytime and of inversion amplitude (up to 15-20 K) for day- and nighttime in the equatorial region. CRISTA data demonstrate higher ozone vmr values than HAMMONIA model at altitudes about 85-90 km. The ozone change during sunrise and sunset obtained from CRISTA data and predicted by model should be investigated in more detail.
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