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 Abstract. Signal levels from the EarthProbe Total Ozone Mapping Spectrometer (EP-TOMS) have degraded by over 80% since its launch in 1996, mostly since the year 2000. Evidence suggests that this decrease is caused by contaminant deposition on the scan mirror. The time dependence of this degradation, observed at multiple wavelengths in solar calibration data, is consistent with thin film interference. This scan dependent error changes over time in correlation with the phase of the thin film interference. To date we have not developed a physical model that can relate the two phenomena. The scan angle dependent errors in Earth view radiances are corrected using soft calibration techniques and the assumption of average longitudinal ozone homogeneity. However, overall calibration errors remain as a result of the scan angle differences between solar calibration views and Earth views. Since absolute calibration cannot be maintained to the desired accuracy using internal calibration approaches, we use data from the NOAA-11 and NOAA-16 SBUV/2 instruments to maintain the calibration of Earth Probe TOMS for the post-2000 period. An internal trend correction is also made to wavelengths used for the aerosol index. These corrections are currently being applied to the near-real time data in periodic updates. 

Introduction

The TOMS series of instruments have provided a valuable record of global total column ozone starting 25 years ago and continuing into the present. EP-TOMS measures backscattered ultraviolet radiance at six wavelengths (308.6, 313.5, 317.5, 322.3, 331.2, and 360.44 nm) in an ascending polar orbit, providing daily global coverage of ozone measurements. The instrument scans across its flight track taking measurements at 35 scan positions, each 3( apart. Looking at the instrument from above, position 1 and 35 are 51( left and right of nadir [McPeters et al., 1996].

To detect long-term trends in ozone data, the calibration of TOMS instruments must be maintained to a high level of accuracy [Herman et al. 1991]. Advances have been made in the calibration of TOMS instruments in response to challenges experienced during the Nimbus-7 and Meteor-3 TOMS missions [Jaross et al., 2002]. The on-board calibration system on EP-TOMS was designed using this base of experience. In the TOMS experiments, the UV measurements are normalized to solar irradiance reflected into the instrument by an aluminum diffuser mounted 90( to the left of nadir. The accuracy of this calibration procedure requires equal sensitivity in the instrument as the scanner moves between the calibration diffuser and Earth views. 

EP-TOMS Optical Degradation

The radiometric sensitivity of EP-TOMS has fallen by over 80% since launch, most dramatically since 2000. This degradation is highly non-linear and wavelength dependent. A model of thin film interference has been able to successfully approximate the time dependence of the degradation, strongly suggesting that the deposition of a contaminant film on the scan mirror is responsible for the changes in sensitivity. Despite the dramatic degradation, the on-board calibration system is capable of maintaining calibration at these low signal levels if degradation were the only issue.

However an unusual scan angle dependent radiance error has developed as well. The radiance errors are significant and create a scan bias in ozone that is clearly apparent (Figure 1). The scan dependent error is also wavelength and time dependent. The scan errors and the sensitivity drop are likely related, though our analysis has not provided a physical mechanism that can link the two.
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Figure 1. EP-TOMS ozone relative to scan position 2 in March 2001, before and after the scan correction is applied.
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We have devised a correction procedure that significantly removes the scan error despite its complex nature. Ozone data at low latitudes, where the overall longitudinal dependence of ozone is low, is selected and averaged for the first three years of the EarthProbe record. This period is free of the scan error. We determine the scan error as the difference between ozone measurements and our seasonal scan characterization. Because these differences are calculated relative to a reference scan position, the errors identified are relative, not absolute. Scan errors in the reflectivity channels are also identified using a technique similar to those described above for ozone, but using radiance measurements over highly reflective clouds.

With estimated errors in ozone, we then derive errors at each individual wavelength. The result is an estimate of the time-dependent error in each wavelength at each scan position relative to scan position 2. When applied as a correction, our treatment of the scan error removes the bulk of the anomalous scan dependence at all latitudes, but makes no trend adjustment to ozone. 

A trend error in the ozone remains due to the scan angle difference between Earth and solar calibration views. We therefore use ozone data from NOAA-11 and NOAA-16 SBUV/2 instruments as an external calibration reference for ozone.

The ozone is adjusted based on direct comparisons of EP-TOMS and the NOAA-11 and NOAA-16 SBUV/2 instruments, where we use weekly averages of equatorial ozone data from the Version 8 algorithm (Figure 2). The ozone differences are used to correct the trend in the EP-TOMS ozone relative to SBUV/2, translating them into radiance calibration adjustments at all wavelengths using the ozone sensitivities computed in the TOMS Version 8 algorithm. We also apply a correction to remove a slight trend in the aerosol index. These radiance adjustments are applied uniformly at all latitudes and correct the major features of the ozone trend errors in EP-TOMS (Figure 3). A small latitude dependent drift remains however, particularly at higher latitudes. We aim to further remove these errors we enhance our understanding of the instrument’s degradation.
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 Figure 2.  Comparison of EP-TOMS and SBUV total ozone averaged from 10N to 10S.
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Figure 3. Comparisons of trend corrected EP-TOMS and SBUV total ozone.
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