An Evaluation of Six Years of Microwave Ozone Measurements at NDSC Site Mauna Loa





I. S. Boyd, NIWA Environmental Research Institute


A. Parrish, University of Massachusetts


B. J. Connor, NIWA Ltd.


I. S. McDermid, Jet Propulsion Laboratory


J. M. Zawodny, NASA Langley Research Center


J. M. Russell III, Hampton University


T. Leblanc, Jet Propulsion Laboratory 





We have operated a ground-based microwave instrument measuring vertical ozone profiles from 20 km to 74 km at the Primary NDSC site Mauna Loa since 1995.  Measurements made with this instrument have combined properties that are not duplicated in other instruments available to the Network such as,


Insensitivity to stratospheric aerosols


Coverage of the upper stratosphere and mesosphere, and


Nearly continuous operation.





The microwave instrument is described in Parrish et al. [1992] and is set-up to measure the ozone emission line at 110.836 GHz.  The ozone altitude distribution is then retrieved from the details of the pressure broadened line shape.  A typical spectrum and retrieved profile are shown in figure 1.  





This is the first complete Mauna Loa microwave ozone data set to be placed in the NDSC archive.  It replaces a previous set described in Parrish et al. [2001].  This poster characterizes the new data set using a formal error analysis as well as by intercomparisons with a lidar operated at Mauna Loa by the Jet Propulsion Laboratory (JPL) and the SAGE II and HALOE satellite-borne instruments.





PROCEDURAL AND TECHNICAL IMPROVEMENTS





Several procedural and technical improvements have been incorporated into the latest data set.  As a result, the ratio of ozone line peak intensity to the RMS of the spectral error is higher in the new Mauna Loa measurements by about a factor of two compared with early measurements used in error analyses reported in Connor et al. [1994, 1995] and Tsou et al. [1995].  Improvements and their effects are outlined as follows:


Use of predetermined uniform rejection criteria.  Effect:  Elimination of any artefacts that may have been caused by procedural non-uniformity.


Improved characterization of instrument parameters based on new measurements.  Effect:  Reduced spectral error, allowing (primarily) a 25% to 30% improvement in the vertical resolution.


Re-optimization of retrieval parameters for reduced spectral error.


Inclusion of high resolution spectral data near the line centre that was previously excluded.    Effect:  Increased mesospheric coverage to 0.02 hPa (formerly limited to 0.1 hPa).


Improved modelling of the temperature and humidity profiles used in the determination of the tropospheric attenuation of the ozone signal.  Effect:  Reduced systematic error in (primarily) the calibration of the ozone profile.





ERROR ANALYSIS





A formal procedure for determining the resolution and expected errors of microwave ozone measurements is described by Connor et al. [1995], and was applied to measurements made at Table Mountain (1989-1992) with an instrument nearly identical to the Mauna Loa instrument.  We have applied essentially this procedure to the new Mauna Loa measurements, the one difference being in the calculation of the averaging kernels.  In the present work these are calculated as described by Rodgers [1990], and in the earlier work by a perturbation procedure.  We have not yet verified that the two procedures yield identical results in practice.  Nonetheless, improved resolution is expected from the increase in the ratio of signal to spectral error.  Results of the error analysis are presented and summarized in figure 2.





PROFILE COMPARISONS





To test data quality, the retrieved ozone profiles have been compared with those produced by JPL lidar [McDermid et al., 1990], SAGE II (v6.0) [Cunnold et al., 1989] and HALOE (v19) [Bruhl et al., 1996].  The period covered by this comparison is July 1995 to June 2001.  The SAGE II and HALOE coincidence criteria used in data selection are ±24 hours in time, ±2.5º latitude and ±12.0º longitude.  For lidar the coincidence criteria is ±3 hours in time.  To minimize and quantify uncertainty in results regarding the microwave data, and to minimize the effects of flaws that may exist in any single comparison data set on the results, the three comparison data sets have also been combined and an error weighted comparison made.  Results from this analysis are shown in   figure 3.





The top series of plots give the average differences as well as the combined, error weighted, average difference profile.  All three comparisons show generally similar profiles, with the combined profile showing positive differences below 30 hPa, and differences of less than 5% above 30 hPa.  The discrepancy between microwave and other instruments below 30 hPa requires further investigation.  While the tropospheric attenuation model used in the preparation of the present data set has increased the ozone values by roughly 2%, this does little to account for the observed differences.





The bottom series of plots give the six-year trend for each comparison as well as the combined six-year trend.  Some of the features evident in the individual comparisons are reduced or disappear in the microwave-combined profile.  Of note for the microwave, though, is the region between about 13 hPa and 4 hPa, where all three comparisons indicate trends in the same direction, with resultant significant trends in the combined profile.





This has been investigated and a likely contributor found to be a corresponding trend in the temperature profiles used in the microwave processing, compared with measured JPL lidar temperature profiles below 10 hPa (see figure 4(a)).  The microwave temperature profile is made up from daily NCEP data to 10 hPa with monthly averaged JPL lidar profiles attached above that.  To estimate the effect of this trend on the microwave time series, an ozone profile was reprocessed with temperatures perturbed by the equivalent of the six-year trend.  Figure 4(b) shows the microwave-lidar trend profile from figure 3 overlaid with the resultant difference in the two microwave profiles (scaled to give an equivalent trend per year).  This suggests that the ozone trend in this region is significantly influenced by the temperature trend.





CONCLUSIONS





An evaluation of six years of microwave ozone measurements over Mauna Loa has been made.  Changes in the processing have led to an improvement in the vertical resolution of up to 30%, compared with values in the previously available dataset.  The measurement range has also been  extended to about 74 km for night-time measurements and 70 km for day-time measurements.  Comparison with three ozone profiling instruments show that the instrument is capable of making accurate measurements of ozone.  Resultant trends in the combined six-year time series comparison are generally less than 1% per year and it has been shown that trends may be reduced still further by use of improved temperature profiles in the microwave processing.  This makes the microwave instrument a valuable tool in the study of long-term ozone trends.





REMAINING ISSUES





Issues remaining with the Mauna Loa data are the apparent increasing bias in the average differences below about 30 hPa and the optimum choice of temperature profiles used in the data processing.  We intend reprocessing the entire dataset after resolving these issues.
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