New Observational and Theoretical Tools for Analysis of the

Stratospheric Circulation in the Antarctic

Introduction

       During the past decade, there has been considerable interest in the variability in the ozone column, with emphasis on the decreasing trend in the Antarctic region. Although this decrease has been attributed to anthropogenic effects, part of the inter-annual variability might also be due to natural causes (e.g., Kinnersley and Tung, 1998). In order to separate natural and man-made variability, it is necessary to understand the high latitude stratospheric circulation, and it interactions with tropospheric and lower-latitude circulations. In the proposed research, we plan to exploit new observational and theoretical tools for analysis of the Antarctic circulation.

      In May of 1998, the NOAA-15 polar orbiting satellite was launched. The instrumentation on this satellite included an Advanced Microwave Sounder Unit (AMSU) which has much greater horizontal resolution (48 km versus 110 km), and considerably more channels (20 versus 4) than the previous generation Microwave Sounder Unit (MSU). A second satellite in this series is scheduled for launch in late 2000.  AMSU retrieval techniques have been developed which provide temperatures at 40 vertical levels from 0.1 hPa to near the surface (Kidder, et al 2000 in press). Twenty of these temperature levels are located  at or above 100 hPa. In this research, the AMSU temperature retrievals will be combined with an appropriate balance model to provide dynamically consistent mass and wind fields (including vertical velocity). The retrievals will be generated daily to document the evolution of stratospheric circulation, and provide an observational data base for evaluation of theoretical studies. This research will generalize satellite-based studies of the stratospheric circulation (e.g., Reasor and Montgomery 1999) which used two channels from the previous-generation MSU to study variability in the circumpolar vortex circulation. 

     Most theoretical studies of the large-scale stratospheric circulation have performed in the context of the quasi-geostrophic approximation (references?). This approximation is valid in studies of the mean polar vortex and the interaction with planetary-scale waves. However, the resolution of the AMSU data will allow observation of much smaller scales of motion, which may be important in processes such as Rossby wave breaking on the edges of the polar vortex (reference?). In the second part of this study, we propose to develop a higher-order balanced theory appropriate for stratospheric circulation studies. 

AMSU retrievals

       As described in the Introduction, the AMSU data includes 20 channels. The AMSU is actually comprised of three instruments (AMSU-A1, AMSU-A2, and AMSU-B). The AMSU-B contains 5 channels designed for the measurement of atmospheric moisture, and will not be used in this study.  The AMSU-A1 contains 13 channels (primarily in the 50-60 GHz portion of an oxygen absorption band), and was designed for temperature soundings. The AMSU-A2 contains two channels (23.8 and 31.4 GHz) for determining vertically integrated moisture parameters, and for temperature soundings. The weighting functions of the AMSU-A1 and A2 channels for a standard atmosphere are shown in Fig. 1. 

      NOAA-15 is in a sun-synchronous orbit at a mean altitude of  850 km with an inclination of 99 degrees. The period of the satellite is 102 minutes, so that it rotates the earth about 14 times per day.  The AMSU beam width is 3.3 degrees, which provides a data swath about 2300 km wide. The spacing of the AMSU-A “footprints” is about 48 km near nadir, and increases to about 150 km near the limb of the scan. With this configuration, the satellite views the poles about 14 times per day. 

       Temperature soundings are determined at each of the “footprint” locations from the 15 channel AMSU-A radiances using the statistical algorithm described by Kidder et al (2000 in press).  This algorithm includes a conversion from antenna to brightness temperatures using the method described by Mo (1999) and a limb adjustment based on the method developed by Wark (1993). The algorithm provides temperatures at 40 pressure levels from 0.1 to 1000 hPa. Once the temperatures are determined, the height field can be obtained from the hydrostatic equation. A modified version of the procedure described by DeMaria et al (2000) for tropical cyclone analysis will be used for this purpose. For the tropical cyclone analysis, the temperatures are integrated from the surface to 100 mb on the edge of a fixed domain, and then a smoothness condition is applied to provide the 100 mb height field. The hydrostatic equation is then integrated downward to the surface to provide the height field from the temperature field. For the stratospheric analysis, a lower boundary condition in the upper troposphere will be obtained from the National Centers for Environmental Prediction (NCEP) Medium Range Forecast (MRF) model initial analysis. Then, the hydrostatic equation will be integrated upwards using the AMSU temperature profiles to provide the height field on constant pressure surfaces. 

       The horizontal wind field will be determined from the height field using the balance model described in the next section. The vertical velocity field will also be determined using the generalized omega equation. The lower boundary condition for the vertical velocity will be obtained from MRF analysis. To reduce the effect of lateral boundary conditions for the vertical velocity, the analysis domain will cover a large enough area so that the boundaries will be located far from the area of interest.  

       It is anticipated that daily analysis will be developed for at least a two-year period. The AMSU global temperature retrievals (since 1999) are available from the NESDIS Office of Research and Applications, and will be used to develop the balanced model retrieval algorithms. Also, since the AMSU data and NCEP analyses are available in near-real time, a procedure will be developed to perform the temperature, height and wind retrievals in near-real time. 

       The current version of the NCEP MRF model includes about 10 levels above 100 mb, and the AMSU data are included the data assimilation. However, due to computing limitations, only every 7th AMSU footprint is included in the assimilation (J. Derber, 2000, personnel communication). Also, the final analysis is a combination of all available observations and a model first guess. The satellite retrieval method being developed in this proposal will provide dynamical fields that depend entirely on the observations (except for the lower boundary condition). The satellite and NCEP operational stratospheric analyses will be compared.
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