SeaWiFS Reprocessing--Three groups of changes

The SeaWiFS Project is currently preparing for the next complete global reprocessing of the SeaWiFS data set (4 + years) sometime within the next few months. The project office has invited suggestions and comments from the community concerning the proposed changes.

At present, tests are being conducted and the results of these will be posted for comments alongwith a summary of the current status at the SIMBIOS Science Team meeting in January.  Based on the latest round of processing benchmark runs, it is anticipated that the reprocess the standard products for the entire mission, would be complete in less than two weeks.

After the last reprocessing in May 2000, the changes have been classified under three groups. For additional details, refer the document.

Group 1.( Most Likely to be Accepted)

1.1 
MOBY stray light correction

As part of an ongoing intra-agency collaboration, the MOBY Project has contracted with NIST to perform a set of instrument characterization measurements for stray light within the MOBY spectrometers.  The results of these measurements should be available near the end of calendar year 2001.  At that time, the MOBY Project plans to reprocess the MOBY time series.  It is anticipated that the reprocessed MOBY measurements will provide water-leaving spectral radiances that are higher for SeaWiFS bands 1 and 2 (412 and 443 nm nominal center wavelengths) and are lower for SeaWiFS band 5 (555 nm nominal center wavelength), compared with the current MOBY results.  The magnitudes of the changes remains unknown.  However, it is anticipated that the changes will help ameliorate problems with the SeaWiFS data set at each of those wavelengths.

1.2
Inverse vicarious calibration procedure

The inverse vicarious calibration procedure compares top-of-the-atmosphere radiances between SeaWiFS and MOBY to determine the vicarious gains for SeaWiFS bands 1-6.  For a given SeaWiFS/MOBY matchup, the atmospheric correction parameters retrieved for the SeaWiFS data are used to propagate the MOBY-measured water-leaving radiances to the top of the atmosphere (TOA). Vicarious gains for that matchup are computed from the ratios of the MOBY and SeaWiFS TOA radiances in each band.  The overall vicarious gains are the geometric means of the gains computed for the individual matchups.  The advantages of the inverse calibration procedure over the forward (current) calibration are: the inverse calibration runs more quickly than the forward calibration, since the gains are computed directly from a single run of MSl12 rather than iteratively; and the inverse calibration allows the effect of an offset in the vicarious calibration to be investigated.

1.3
New SeaWiFS Calibration

1.3.1  
New temperature correction

Examination of the SeaWiFS lunar calibration time series shows an annual periodicity in some bands, which corresponds to the variation in the focal plane temperature as the Earth-sun distance changes over the course of a year.  The SeaWiFS counts-to-radiance conversion incorporates corrections for variation in the radiometric response of the instrument with changing focal plane temperatures.  The prelaunch temperature correction factors provide an incomplete correction for the focal plane temperatures in these bands.  We computed a revised set of temperature correction factors for Bands 5 through 8. When we reprocessed the lunar calibration data using the revised temperature corrections, the time series no longer shows the annual periodicities.

1.3.2
Exponential cal table

With the new temperature corrections, we were able to fit the revised lunar calibration time series for each band with a single decaying exponential function, instead of the quadratic segments used in the current calibration. These fits have been incorporated into a new calibration table which will provide the time correction for the next reprocessing of the SeaWiFS mission data set.  The time correction factors in the new calibration table must be run with an updated version of MSl12 which incorporates the exponential form of the time correction.

The revised calibrations are discussed in detail in the December 2001 issue of Applied Optics in Barnes et al. (2001), "Calibration of SeaWiFS. I. Direct techniques".

1.3.3
Revised cloud mask threshold for new cal table

The exponential time correction yields a slightly lower value of the band 8 total radiance than does the time correction from the current operational calibration table.  In order to assure that the pixels which are flagged as clouds in the current operational processing are also flagged as clouds with the exponential time correction, the cloud threshold is reduced from the current operational value of 1.1% to 1.08% for use with the new calibration table.

1.4
Vanishing Siegel

The Siegel black pixel near-IR correction used in the level-1 to -2 processing currently makes slight changes the chlorophyll and water-leaving radiance values in regions of low chlorophyll. This feature of the current implementation runs contrary to the assumption that the near-ir water-leaving radiance is zero at low chlorophyll, and also complicates the vicarious calibration.  A modification to the algorithm that removes these changes is proposed.

1.5
Epsilon smoothing

A filtering technique was developed to reduce the noise in the NIR band ratio, and thereby reduce the small-scale variability in aerosol model selection. A working draft of the algorithm description and associated analyses is available here: http://orca.gsfc.nasa.gov/seawifs/smooth/filtering.html

1.6
Improved handling of very clear atmospheric conditions

1.6.1 
Fixed aerosol model for very low or negative B7/B8 rho-a

Under very clear atmospheric conditions, the Rayleigh-subtracted radiance in the NIR approaches zero. When other uncertainties are factored-in, the  retrieved aerosol path radiances in the NIR may even go slightly negative.  The impact of this is that aerosol model selection becomes highly uncertain, or the atmospheric correction fails altogether.  In other words, we often fail to obtain ocean-color retrievals in the best of atmospheric conditions.  A simple solution to this problem is to fix the aerosol model when the 865 nm aerosol path radiance drops below a certain threshold, and set aerosol path radiance to zero in all bands if La(865) goes "slightly" negative.  Exactly what those thresholds should be has yet to be determined.

1.6.2 
Ignore (Lt - Lr < 0):

In conjunction with the above enhancement, we will no longer consider the occurrence of [(Lt-tLf)/toz - Lr) < 0] in band 2-8 to be grounds for atmospheric correction failure.

1.7
Update to IR absorption coefficients

The current implementation of the Siegel et al. NIR correction uses the absorption due to water in its formulation.  The values used are derived from published values for the nominal center wavelengths of SeaWiFS NIR bands.  Given the strong absorption of water in the NIR and the 40 nm band passes for the SeaWiFS NIR bands, these numbers are underestimated.  A revised set of band pass normalized numbers were generated based on the same published values for water absorption cited in Siegel et al. (2000).  It is recommended that these revised values be implemented.

1.8
F0 correction (pre- vs. post-out-of-band)

The solar irradiance values used through-out the atmospheric correction processing are band-pass averaged quantities.  In reprocessing #3, an algorithm was introduced to correct the nLw retrievals to a nominal wavelength. Unfortunately, the out-of-band corrected nLw was still being divided by the band-averaged F0 when computing Rrs.  This may be introducing a slight bias in the computation of OC4 chlorophyll.  We will evaluate the impact and correct the error.

1.9
PAR product

During the evaluation phase of the SeaWiFS PAR product development, a number of enhancements were made to the algorithm which improved the agreement with in situ data.  The updated algorithm, called version 1.2, was put into production at the end of March 2001.  Data processed prior to that date will be reprocessed to reflect the current algorithm.  The algorithm and validation analyses are provided here: http://orca.gsfc.nasa.gov/seawifs/par/doc/seawifs_par_wfigs.pdf

1.10 
New Suite of 4.6  kilometer Global Ocean Products

We are currently testing the generation of additional Level-3 binned ocean products with a 4.6 km bin size for 8-day and longer time scales.  The current 9-km bin size was originally chosen to approximately match the maximum spacing of pixels at the edge of the GAC swath.  For daily products, a small bin size would result in a sparsely filled grid.  However, since the size and navigation accuracy of the GAC data is still 1 LAC pixel, it has been shown that it is possible to produce reasonable 4.6-km products (as does the MODIS Ocean team) over these time periods.  This will be tested to see if the grid-filling and quality of the products is acceptable at this bin size.  If acceptable, we will continue to produce the current suite of Level-3 binned and mapped products at the original 9 kilometer resolution and add an additional product suite at the MODIS 4.6 kilometer resolution.

1.11
Land products

We are working closely with Jacques Descloitres and Jim Tucker (GSFC Laboratory for Terrestrial Physics) on the development and validation of SeaWiFS land products.  We will be producing 4.65 km gridded land products which will be transferred to the GIMMS group at GSFC for validation and distribution to the DAAC.  The products will include NDVI, EVI, and surface reflectances.  The software and algorithms have been finalized, and final validation runs are underway.  The processing of SeaWiFS land products for the period from September 1997 to present is expected to occur prior to or in parallel with the ocean reprocessing #4.

1.12 
Navigation improvements

The navigation processing within the Level-0-to-1A conversion has been improved, to reduce the seasonal variations in spacecraft yaw error.  The most significant improvement will be seen in the Southern hemisphere during the Winter and early Spring.

Group 2. (Under consideration)

2.1
Space binner OCTS updates

Changes were made to the spacebin processing for OCTS, which need to be tested for SeaWiFS.  The changes are:  1) to use the file mid-time, rather than the start time, and  2) to use the actual dataday duration, instead of assuming 24 hours, when determining whether a given scene should overlap with the preceding or following dataday.  These changes eliminated occasional failures of the spacebin program for OCTS Level-2 scenes, and may provide benefits for SeaWiFS.

2.2 
Revised L3 masking

The goal is to understand the SeaWiFS binning techniques, flag settings and quality levels, in sufficient detail, to make objective comparisons with other sensors.  The method proposed is to make a series of SeaWiFS processing runs, each with a different flag on.  There is a minimum subset of flags used in level-1 and level-2 processing, which will remain on at all times.  The control case will be the minimum subset on and all other flags off.  Results of analyses may indicate that some individual flag tests are not necessary.  We will see if the masking conditions can be modified so that the quantity of level-3 data can be increased without degrading data quality

2.3
F/Q correction

We have been working with David Antoine and Andre Morel on this issue since October of 1999. Our approach has been to evaluate the effect of the correction on reducing viewing-angle dependencies in the normalized water-leaving radiances.  Thus far, we have been unable to demonstrate that the algorithm will improve the quality of the SeaWiFS products.  The collaboration with Antoine, Morel, and Gentilli is continuing, and we hope to re-evaluate the latest updates prior to the next reprocessing.

2.4
Consistent optical models

Several independent bio-optical models are implemented in various portions of MSl12.:

         Gordon et al., 1988: out-of-band correction and NIR correction

         Morel 1988: turbid water test

         Morel and Maritorena 2001: f/Q correction

For consistency, and to avoid potential incompatibility that may result from implementing one model's output as another's input (e.g. f/Q correction applied to out-of-band corrected radiances), it is suggested that a single model be chosen for use when the use of the moded impacts the primary operational products (nLw's and Chl). This would not preclude the use of alternate models for the determination of derived products (e.g. UCSB cdm algorithm).

2.5 
Absolute calibration of Band 8

There is a growing set of evidence that SeaWiFS band 8 may produce top-of-the-atmosphere radiances that are too large.  The error in these radiances appears to be on the order of 5% to 10%.  There is no single comparison reference for band 8, such as MOBY (which is used for bands 1 through 6).  However, the set of comparison measurements, both of radiances and derived products such as aerosol column amounts, show a consistent difference.  Changing the calibration coefficient for band 8, based on these comparisons, is a judgement call by the project.

The result of a lowering of the calibration coefficient for band 8 will be a decrease in the aerosol column amounts in the SeaWiFS data set.  At present, there is a very limited number of negative aerosol column amounts in the SeaWiFS data set.  A lowering of the calibration coefficient for band 8 will increase the number of these results.  Consequently, it may be prudent to limit the calibration change (if a change is to be made at all) to a smaller amount, such as 5%, rather than a larger amount, such as 10%.  In addition, it may also be prudent to understand the impact of the calibration change on the number of negative aerosol column amounts in the data set before a change is made.  This effect will be at least partly offset by the change for very clear atmospheric conditions described above (1.6).

2.6
Revise the Turbid Water Flag

The existing turbid water flag is set when the measured reflectance in band 5 (555nm) exceeds the estimate of reflectance at 555nm derived from the Morel 1998 clear water model.  Since the Morel model requires pigment as input, an invalid chlorophyll retrieval may cause the turbid water flag to be erroneously set, or prevent the flag from being set under highly turbid conditions.  To remedy this, two approaches are being considered:

1)  A threshold on the Rrs in band 6 of 0.0011 (the maximum theoretical Rrs from the Morel and Maritorena 2001 model for chlorophylls in the range of 0.001 to 100 mg m-3); and

2)  An index based on the Rrs in bands 5 and 6 similar in form to the NDVI index (Rrs555-Rrs670)/(Rrs555*Rrs670).

2.7  
Reduce or eliminate the sun glint mask

The current sun glint mask is set when the estimated glint reflectance exceeds 0.005.  Wang and Bailey 2001 showed that glint radiance could be effectively removed from the data.  The current processing code applies a sun glint correction to data where glint reflectance is present up to the current mask level of 0.005.  Wang and Bailey showed that this correction could be applied up to the point where the detectors saturate, allowing the mask to be reduced or even eliminated.

Group 3. (Considered but not accepted)

3.1
IR band alternative calibration schemes

3.1.1 
Fixed model

When we calibrate at MOBY, we assume an "average" maritime model to determine the band 7 gain.  The average Angstrom coefficient for the m50, m70, m90, and m99 models is 0.31.  However, according to AERONET results from Lanai, the most common Angstrom coefficient is more like 0.7, which actually corresponds to c50 in our model suite.  Until we have confidence in a NIR calibration based on in situ aerosol match-ups, perhaps we should consider tuning band 7 to a c50 model at Lanai.  Alternatively, we might consider using a different region, such as the western equatorial Pacific, where measurements indicate that the assumption of angstrom=0.31 is valid.  The most common angstrom coefficient measured at Nauru is 0.3, with half the variability seen at Lanai.

3.1.2 
AOT-based calibration

A technique has been developed and tested whereby in situ aerosol optical thickness measurements can be used to derive the expected aerosol path radiances in the 8 SeaWiFS bands. Using this method, it is possible for the first time to obtain a direct calibration of the NIR bands.  A description of the approach is available here: http://orca.gsfc.nasa.gov/seawifs/doc/aot_based_calibration.pdf

Initial results suggest that the 865 nm calibration is 4% high, and that we can significantly improve the AOT match-ups by applying the NIR calibration. However, we have found no significant benefit with regard to oceanic optical property retrievals, and questions remain as to whether we should really expect SeaWiFS AOT retrievals to match sun photometer measurements.

3.1.3
AOT-based model selection

The use of in situ sun photometers to constrain the models used in the vicarious calibration of band 7 was also investigated.  The results of these analyses also proved inconclusive.  The uncertainties inherent in the in situ instrumentation were too large for the proposed methods to be robust.  It is recommended that the current NIR vicarious calibration method be maintained.

