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satellite Calibration and Validation 

General Description of Ocean Biology Processing Group Calibration & Validation Responsibilities.

One of the most important functions the OBPG performs is sensor calibration and product validation.  Historically, this work  focused only on ocean color data (e.g., the SeaWiFS and SIMBIOS Projects), but beginning in late 2005, the OBPG will be involved in generating sea surface temperature products from infrared imagery as well and will be responsible for product generation under the Aquarius ocean salinity mission scheduled for launch in 2008.  Salinity measurements will require the processing of both active and passive microwave data (described in the data processing task).  In the case of sea surface temperature (SST) and salinity, the OBPG does not have the primary responsibility for calibration and validation, but must have a solid understanding of the measurement science and the algorithms in order to properly implement the processing algorithms and work with the science team.  
The Contractor shall develop the processing and analysis software for the calibration and validation of satellite observations required for ocean color and sea surface temperature (SST) derived products, e.g., chlorophyll-a, primary production, daytime and nighttime SST.  The primary ocean color data will be from the Coastal Zone Color Scanner (CZCS), the Ocean Color and Temperature Scanner (OCTS), the Sea-viewing Wide Field-of-View Sensor (SeaWiFS), the Moderate Resolution Imaging Spectroradiometer (MODIS), and the Visible and Infrared Imaging Radiometer Suite (VIIRS).  With the exception of the CZCS, these data provide global coverage every two days at roughly 4 km (SeaWiFS; OCTS), 1 km (MODIS), or 0.75 m (VIIRS) resolution.  SST will be derived from MODIS and VIIRS at the same spatial and temporal resolution as the ocean color data.  These data will be analyzed and processed so as to provide a consistent time series of observations across missions.  The OBPG has published extensively on ocean color calibration, validation, and processing algorithm evaluations and the SeaWiFS Technical Report Series (prelaunch and post-launch; over 70 documents) provides a source of reference material which is available electronically from the Ocean Color website.  The OBPG is constantly considering refinements in the sensor calibrations, atmospheric correction methodologies, and bio-optical algorithms in order to improve the derived products and the consistency of the derived products from the different satellite sensors (only MODIS/Terra and Aqua have a common design).  This requires keeping abreast of the published literature, e.g., Applied Optics, Journal of Geophysical Research, International Journal of Remote Sensing, and Remote Sensing of Environment are good sources of information.  As a result of these activities, the SeaWiFS data set has been completely reprocessed five times in eight years.  Since February 2004, the OBPG has reprocessed MODIS/Aqua data 3 times.  In preparation for the MODIS reprocessings, 30 time series tests (2 consecutive days per month for every month of the mission) and MODIS-SeaWiFS comparison analyses are performed to evaluate consistency and algorithm (calibration and atmospheric correction) improvements.  The Ocean Color Validation website provides a description of the approaches the OBPG is using for SeaWiFS and MODIS processing in particular (http://oceancolor.gsfc.nasa.gov/VALIDATION/).  These analyses include the following:

     A.  The analysis and integration of prelaunch calibration, sensor engineering, onboard and vicarious calibration data into an accurate sensor calibration methodology.  These analyses include, among other things, the transformation of raw digital counts as received from the instrument to units of radiance, evaluation of stray light in the vicinity of bright targets, corrections for scan modulation, estimation of polarization sensitivity, adjustments for focal plane temperature effects in the calibration, determination of out-of-band contributions, and the evaluation of postlaunch vicarious calibration methods (e.g., utilization of data from moored radiometers such as the Marine Optical Buoy, MOBY, and above water reflectance observations such as the SeaWiFS Photometer Revision for Incident Surface Measurement, SeaPRISM).  Good examples of the level of prelaunch data analysis required can be found in Volumes 22, 23, and 32 of the SeaWiFS Prelaunch Technical Report Series. The onboard calibration consists of both solar diffuser and lunar image data for ocean color and blackbody sources and deep-space views for the thermal infrared calibration.  The solar diffuser designs and the lunar data collection scenarios are different for each instrument.  In the case of MODIS, the Contractor shall need to work closely with the MODIS Characterization Support Team (MCST) who provide the on-orbit calibration look-up tables.  For the NPOESS Preparatory Project (NPP) a similar NASA team is expected to provide similar analyses for VIIRS and the Contractor shall also be expected to work closely with that group and other calibration and validation groups working with the Integrated Project Office.  Also, in the case of VIIRS, the Contractor shall analyze the prelaunch data (e.g., the parameters listed above) as it becomes available from Integrated Project Office (IPO) and will evaluate the analysis methods described in documentation and operational processing code also provided through the IPO.  The evaluations require utilization of instrument vendor provided tools to unpack the data and documentation on the test plan and measurement set up.  These evaluations of the test procedures and the sensor performance characteristics derived from the data will be submitted to the NASA NPP Project Scientist, the NASA NPP Program Scientist, and the IPO.
The evaluation of the Contractor’s performance in establishing the on-orbit sensor calibration will be based on the overall theoretical basis of the calibration methodology, on match-up comparisons of derived products with field data to determine if the satellite values are representative of the true values and on time series evaluations of atmospheric and oceanic properties to determine if any unrealistic temporal trends in these products are present in the data set.

     B. The analysis and quality control of input or “ancillary” datasets required by the level-2 processing.  Ancillary data are acquired from sources other than the primary satellite data stream , e.g., meteorological data centers such as the National Center for Environmental Prediction, and include surface pressure and wind fields, and ozone and precipitable water concentrations.  Final satellite processing is not executed until the corresponding ancillary data are received and approved.  The ancillary data must be time and space interpolated to coincide with each satellite pixel.  These analyses will also include comparisons of ancillary data from different sources, evaluations based on existing literature, and comparisons with in situ data.  Strategies for filling in missing data, either spatial or temporal gaps, must be evaluated for continuity and consistency with historical data.  When data gaps, e.g., a primary data source terminates, alternative sources must be identified and evaluated for accuracy and coverage continuity.
The evaluation of the Contractor’s performance will be based on how well the input data screening tests work and whether or not odd features show up in the derived products that are simply artifacts of bad ancillary data.   Tests usually compare data with climatological ranges of values, and check for data gaps and abrupt transitions in values.

     C. The processing and management of in situ data sets for bio-optical and atmospheric correction algorithm development, and derived product validation.  All researchers supported by the NASA Ocean Biogeochemistry Program to collect atmospheric and bio-optical data are required to submit the data to the OBPG for archival in the SeaWiFS Bio-optical Archive Storage System (SeaBASS).  The OBPG quality controls the data before incorporating it in SeaBASS.  SeaBASS currently includes data from several thousand cruises and hundreds of thousands of stations.  SeaBASS utilizes a relational database and provides a user interface that allows users to query the database for very specific information (inherent and apparent optical properties, biological parameters, atmospheric properties, hydrographic variables, time, location, etc.).  SeaBASS is open to all NASA investigators, international calibration and validation teams, and others who provide data.  Thus, interaction with the data providers and users is required.  The processing includes the derivation of water leaving radiance, surface reflectance, and diffuse attenuation from the optical profile data as well as surface reflectance from above surface observations.  This processing requires an understanding of measurement and processing protocols or the development of protocols where none exist.  The Contractor shall be required to diagnose and quantify possible sources of error in the data and derived products and recommend improvements and corrections.

The Contractor’s performance will be evaluated based on their ability to understand, quality control, process, and interpret the in situ data and on feedback from the user community and data providers on the usefulness and flexibility of SeaBASS.
    D.  The comparison and implementation of bio-optical and atmospheric correction algorithms.  One of the principal roles of the OBPG is the objective evaluation and comparison of bio-optical and atmospheric correction algorithms.  While the OBPG does not normally develop key algorithms, it must provide evaluations and recommendations to the various mission Project Scientists, NASA HQ, and the science teams who then either approve or disapprove inclusion of the algorithms or products in the operational processing.  Often, the community will request additional tests.  In some cases, where a particular algorithm deficiency is identified and no enhancement or correction is available in the literature or from the science community, the OBPG can develop an approach and present it to the community for consideration.
The Contractor’s performance will be based on their understanding of the basic concepts on which the atmospheric correction and bio-optical algorithms are based, e.g., atmospheric radiative transfer and semi-analytical bio-optical models, their ability to properly implement the algorithms in the operational processing code and SeaDAS, and their ability to work effectively and efficiently with the algorithm providers.

     E.  The routine inspection, quality control, and validation of level-1, level-2, level-3, and standard mapped products.  Quality control includes evaluation of masks and flags (clouds, stray light, coccolithophores, turbid water, etc.) commonly used by the various ocean color missions to identify questionable data as well as the evaluation of the accuracy of the derived products (normalized water leaving radiance, chlorophyll-a, SST, etc.) which includes comparison of in situ data with the satellite derived products (match-ups), and time series analyses (global and regional).  The evaluations must use appropriate statistical methods to establish levels of confidence.  The Contractor shall need to work closely with each derived product algorithm provider on these evaluations to ensure problems with algorithm performance are properly interpreted.
The contractor’s performance will be determined by their ability to identify corrupted data, diagnose the reason for data corruption, and correct the data or processing algorithm (if possible) before the data are distributed.
     F. Verification of the operational processing code to ensure level conversion algorithms (navigation, calibration, bio-optical transformations, atmospheric correction, QC masks and flags, space and time binning, etc) are correctly implemented.  Often, code is not provided by algorithm providers and must be developed from theoretical basis documents.  Thus, the Contractor must translate information in the document into code and to discuss questions with the algorithm provider.  When code is provided, it must be reviewed for accuracy and efficiency and is usually rewritten (e.g., converted from Fortran to C computer language) as part of the implementation for the operational processing.  In all cases, the code must be tested to ensure it provides the expected result.
The contractor’s performance will be evaluated on their ability to reproduce results provided by the researchers who developed the algorithms and identify erroneous data products or data characteristics that may be indicative of coding errors or misinterpretation of the code with respect to documentation (e.g., theoretical basis documents).
     H.  Maintenance and Utilization of the Robotic Lunar Observatory Model (ROLO).  The ROLO model is used in analysis and interpretation of the satellite lunar calibration data and was developed by the US Geological Survey (USGS) group in Flagstaff, Arizona  At present, the ROLO model has been installed on the OBPG computer system and is being used in conjunction with SeaWiFS and MODIS lunar data to refine the satellite sensor calibrations.  The Contractor is expected to develop the model and the model inputs and variables.  The Contractor shall maintain (update the model as new versions are released) and continue to utilize the model at GSFC in support of ocean color calibration activities.
The Contractor shall be evaluated on how reliably the model is maintained, i.e., kept current, and on how appropriately the model is used in support of calibration analyses.  The Contractor can expect to travel to Flaggstaff once a year to confirm with the model developers.
     I.  Participation in advanced ocean color sensor and mission design activities.  Calibration and validation analyses require a great deal of insight into the design of ocean color sensors.  Experience with past and present ocean color sensors, i.e., their design and performance characteristics and how uncertainties in these factors (polarization sensitivity, temperature stability, linearity, on-board calibration methods and apparatus, etc.) impact the derived product accuracies, is key to advanced sensor design criteria.  The OBPG will be involved in the conceptual design of advanced ocean color sensors which would be proposed to NASA under programs like the Earth System Science Pathfinder (ESSP) program.    The Contractor shall provide support to these design studies and related sensitivity analyses.

The Contractor’s performance will be based on their ability to provide timely and comprehensive recommendations.  Often, design studies are conducted at the GSFC Integrated Sensor Analysis Laboratory (ISAL) and the Integrated Mission Design Center (IMDC) in one to two week blocks of time requiring quick responses to engineering questions.

     J.  Documentation and presentation of all related procedures and results on OBPG websites and in NASA technical memoranda, conference proceedings, and refereed journals.  The OBPG puts are high priority on documentation and “getting the message out” to the user community.  While there is no plan to initiate anything like the SeaWiFS technical report series which was discontinued in 2004, the Contractor shall summarize analyses on OBPG websites after each major time series test and publish a NASA technical memorandum after each major reprocessing.  Usually the reprocessings of all the mission data sets are conducted in a coordinated manner to keep the products consistent.  Descriptions of innovative methods and analyses, e.g., vicarious calibration, MODIS polarization sensitivity, etc., developed by the OBPG should also be submitted for publication in the refereed literature, e.g., Applied Optics and the International Journal of Remote Sensing.  The OBPG will present oral presentations and/or posters at several science team meetings and conferences each year.  Typically, the MODIS and NPP science teams each meet twice per year, usually in the Washington DC area.  The VIIRS Operational Algorithm Team (VOAT) meets for two days twice a year somewhere in the US (Washington, DC and Los Angeles, CA).  The NASA Ocean Biogeochemistry program holds an 3-day annual meeting as well (Portland, OR ).  In addition, the OBPG usually attends annual meetings (5 days) of  the Society of Photo-Optical Instrument Engineers (SPIE) at various locations, Barcelona, Spain, and the American Geophysical Union (AGU; Fall meeting in San Francisco).  Every other year, the Ocean Sciences meeting (5 days) is held, usually in Honolulu, Hawaii.  Finally, on an annual basis, the OBPG will participate in at least 5 special topic workshops per year in the US which are normally 2 days in length at the University of New Hampshire, University of California/Santa Barbara, Logan, UT, Boulder, CO, and Miami University.
The contractor’s performance will be evaluated based on their ability to adequately present, document, and publish the results of their analyses and algorithm development activities in NASA technical documents, conference proceedings, and the refereed literature.  
Specific calibration and validation activities.
1. Analyses of prelaunch sensor characterization data as listed in section A.  This is essentially a one-time analysis, i.e., not a recurring analysis and SeaWiFS Technical Report Series Volumes 22 and 23 (available off the Ocean Color Website as pdf’s) provide an excellent example of the analyses required.  Each analysis should be completed and documented within one month of the delivery of the data from the instrument test group.  This rapid turn around is necessary in case the analyses show a problem either with the instrument or with the test procedures so that remedial action can be taken.

2. Analysis of on-board sensor calibration data (blackbody, deep space, solar diffuser and lunar data).  This is a routine activity for SeaWiFS and MODIS, and will be for VIIRS.  In the case of SeaWiFS, solar diffuser data are collected daily (roughly 1 minute of data from one orbit) and lunar data are collected once per month (several seconds of data).  Analyses are conducted within a day of each measurement and incorporated into the calibration time series.  A description of the data processing is provided in Barnes et al., 2001 (Barnes, R. A., R. E. Eplee, Jr., G. M. Schmidt, F. S. Patt, and C. R. McClain, The calibration of SeaWiFS, Part 1: Direct techniques,  Appl. Opt., 40(36), 6682-6700, 2001).
3. Quality control of raw satellite data and ancillary data required for level 2 processing as it is received.  The data are received on a daily basis and must be reviewed on a same day basis (or on Monday if received over a weekend).  Automated test procedures can be employed to expedite the QC process.
4. Refinement, testing, and implementation of atmospheric correction (Rayleigh scattering, aerosol scattering and absorption, etc.) and water-leaving radiance normalization algorithms (bidirectional reflectance, etc.) as recommended by the science community.  Improvements in the atmospheric correction is an ongoing research activity.  The OBPG’s responsibility is to help researchers test algorithms on a global scale.  Once an algorithm is delivered to the OBPG (either as code or documentation), the requirement is to implement the new or improved algorithm in the OBPG processing code, execute a time series test, and report the results of the test, i.e., the comparison of the satellite derived products before and after the incorporation of the algorithm change, and  within two months.
5. Refinement, testing, and implementation of bio-optical algorithms (chlorophyll-a, particulate organic matter, primary production, etc.) as recommended by the science community.  This activity has the same test and reporting requirements as #4.
6. Refinement, testing, and implementation of ocean color vicarious calibration procedures.  The vicarious calibration data from the Marine Optical Buoy (MOBY) is received periodically (MOBY data is collected daily, but is made available with some time delay as it needs to be calibrated and processed by the MOBY support group).  Once received the data is “matched-up” against the corresponding satellite coverage and the calibration gain factors are computed and compared with gain factors from previous match-up analyses.  This is done within a week’s time (see . Eplee, R. E., Jr., W. D. Robinson, S. W. Bailey, D. K. Clark, P. J. Werdell, M. Wang, R. A. Barnes, and C. R. McClain, The calibration of SeaWiFS, Part 2: Vicarious techniques, Appl. Opt., 40(36), 6701-6718, 2001)
7. Quality control and analysis of in situ data provided by the science community (apparent and inherent optical properties, etc.) in support of community algorithm development activities and product validation.  Data submitted to the OBPG for incorporation into SeaBASS must be reviewed within two weeks.  This review is primarily to determine if the data is formatted properly, has the proper units, and contains values that are geophysically realistic.
8. Maintenance and enhancement of SeaBASS and associated user support.  A detailed description of SeaBASS is provided at http://seabass.gsfc.nasa.gov/ (see also Werdell, P. J., S. Bailey, G. Fargion, C. Pietras, K. Knobelspiesse, G. Feldman, and C. McClain, Unique data repository facilitates ocean color satellite validation, EOS, Trans. Am. Geophys. U., 84(38), 377, 2003).  Once in situ data has been quality controlled, it should be ingested into SeaBASS within two weeks.  On an annual basis, data (inherent and apparent optical property and chlorophyll profiles) from 3500 ocean stations are received.
9. Testing and maintenance of the level-0 to level-3 data processing code for inclusion in the operational processing stream and SeaDAS.  The operational processing code is developed and maintained by the calibration and validation group.  The effort entails verification that the code works and provides the same result when the operational processing computers’ operating systems and compliers are upgraded (twice per year) and when new algorithms (calibration, atmospheric correction, bio-optical, etc.) and data products are incorporated (once per year).
10. Evaluation of the accuracy of the derived products, i.e., product validation.  Product validation can be pursued in a number of ways.  Match-up analyses (comparison of in situ data and satellite derived products using data from SeaBASS and global comparisons of products from different satellites, e.g. SeaWiFS and MODIS.  The parameters evaluated are the normalized water-leaving radiances (for MODIS, 412, 443, 488, 531, 551, 667, 678nm), aerosol optical thickness at 865 nm, and chlorophyll-a concentration.  These evaluations are conducted with each reprocessing (once per year) and are documented for the science community on the validation website (for example, see McClain, C. R. and others, SeaWiFS Postlaunch Calibration and Validation Analyses, Part 2, NASA/TM-2000-206892, Vol. 10., S. B. Hooker and E. R. Firestone (eds.), NASA Goddard Space Flight Center, Greenbelt, Maryland, 57 pp., 2000.; available as a pdf off the Ocean Color website).
11. Maintenance of the ROLO model at GSFC.  The ROLO model is used by the calibration and validation group to refine the on-orbit calibrations of MODIS and SeaWiFS (Barnes, R. A., R. E. Eplee, Jr., F. S. Patt, H. H. Kieffer, T. C. Stone, G. Meister, J. J. Butler, and C. R. McClain, Comparison of the on-orbit response history of SeaWiFS with the U.S. Geological Survey lunar model,  Appl. Opt., 43 (31), 5838-5854, 2004).  The model is updated by the U.S. Geological Survey staff at least twice yearly and needs to be downloaded and reinstalled (compiled) each time.
The period of performance of this task is from March 1, 2006 through September 30, 2007.
