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NPP VIIRS SDR Product Review Summary
Overview
On April 5, 2012, NOAA’s Center for Satellite Applications and Research (STAR) organized a NPP Product Review (NPR) at the NOAA Science Center, Camp Springs, Maryland. The NPR was attended by NPP/JPSS Visible Infrared Imaging Radiometer Suite (VIIRS) Cal/Val Team members, Program and Project Scientists, Joint Center for Satellite Data Assimilation, and representatives from world leading Numerical Weather Prediction (NWP) Centers including NCEP and NRL. 
Purpose
The purpose of this meeting was to assess the readiness of the VIIRS SDR data product validation maturity level to be declared “Beta” by the AERB. If the data product is determined not yet be at the Beta level, this meeting will identify the path forward to achieve this level.
Presentations
Cal/Val team members presented progress on their tasks and users offered their independent assessments of data product quality based on their early analyses. A total of 13 presentations were made and are available on CasaNOSA under “JPSS/DPA Collaboration<<documents<< VIIRS SDR EDR Review”. The outcome were recommendations (see below) from the SDR Chair and the VIIRS Algorithm and Cal/Val Team leads to the AERB that the current products are at Beta level or scheduled changes already approved by the AERB will result in a Beta quality SDR data product. Through interaction with the data product operational users, the SDR chair and team collected feedback on recommended VIIRS SDR product improvements. The discussion provided an overview of the overall performance of the VIIRS instrument and algorithms as known at this time.
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	Figure 1. VIIRS Sample Imagery of the North East US at night from the DNB (left, courtesy of NOAA/STAR) 
		and color composite of Baja Peninsula (right, courtesy of NASA/NICSE) 
Major Findings, Feedback, and Comments
· After a thorough review, the VIIRS SDR team reached consensus that both the VIIRS geospatial (geolocation and geometric) and spectral performance have reached beta status with no major issues.  One caveat is that while the impact of the responsivity degradation in the NIR channels on the spectral response is negligible at this point, it should be closely monitored as the degradation continues.

· The VIIRS Thermal Emissive Band (TEB) performance has reached beta status.  It is noted that the blackbody Warm-Up/Cool-Down (WUCD) can significantly impact the SST retrievals due to LUT table issues which will be resolved soon.  It is recommended that the SDR and EDR teams should work together to resolve this issue.  The frequency of WUCD should be reduced to quarterly from the previous monthly schedule.

· Extensive efforts have been made to assess VIIRS on-orbit radiometric calibration performance
· A large set of analysis results (technical reports) have been produced and presented to help understand VIIRS on-orbit performance and assess SDR maturity status 
· The reflective solar bands responsivity degradation has been continuously analyzed, trended, and modeled to support predictions of sensor future performance
· The VIIRS SDR team will continue to refine its analyses and trending of the VIIRS on-orbit performance.

· For the reflective solar bands (RSB), it was concluded that Beta status has been achieved with the following caveats
· User community expects 0.3% calibration stability and desires 0.1% stability or better, but current code and LUT update process provide approximately 1% stability
· Code/LUT modifications in work via ADR 4586, Scan-by-Scan F Factor Correction, will provide desired stability, but ADR not yet approved by AERB
· AERB approval of ADR 4586,, is expected after DPE completes Golden Day testing of code/LUT changes;  these changes are planned for operational insertion in Mx6.1 and will allow stability requirement to be met.

Detailed comments and recommendations can be found in Appendix A.
Declaration
The panel board agrees to declare the VIIRS SDR CAL & GEO Beta validation level proviso the completion of the following two tasks: 
1) Publish a list of known observed issues that are already being worked on for general users.
2) Initiate the CCR with supporting documents for the VIIRS SDR beta status.  Also included should be a readme file for public release. 

Recommendations and Next Steps
This review has in particular identified the following recommendations and areas for future work/improvement:  
· VIIRS SDR/geometric performance maturity should be rated as Beta, and VIIRS SDR team should complete needed actions to attain Provisional performance maturity
· Communication of data quality with users needs further work; a readme file (for both CrIS and VIIRS) is needed when releasing to the public through CLASS;  need to resolve long-standing quality flag issues.
· Properly set SDR Quality Flags
· When the instrument experiences anomaly or outages
· Several orbits following the event/outages as “warning”(for instance, the WUCD events and aftershocks were not captured by the SDR QFs)
· Initiate and document the CCR for VIIRS beta status, and document the concerns as well.
· Develop a systematic, user-friendly log of instrument events (e.g., WUCD events, Lunar maneuvers, Spacecraft outages/anomalies)
· Trending of all LUT changes, in a user-friendly way
· Understand that LUTs are recorded in EDR metadata
· However separate trending, and simple verbiage should be used to describe potential effect on users
· Need to solicit comments from aerosol and VCM teams.
· Recommend de-striping of TEB band radiances to improve SST imagery (only generate input to EDR; Leave the original SDRs intact)
· Work closely with the ocean color users since it is very sensitive to calibration.
· Find solution to DNB stray light problem, since it is related to hardware.  



Appendix A  Specific comments from the VIIRS SDR review meeting on April 5 
· General:
· Updates of the radiometric lookup tables for VIIRS Reflective Solar Bands have improved calibration and uniformity of radiometric response
· With the LUT updates, radiometric calibration is stable and agrees well with MODIS measurements (barring small spectral biases)
· LUT updates should be applied more frequently than on the weekly basis: the planned scan-by-scan update should be implemented as soon as possible
· Multiple code/LUT updates have been or are being implemented or considered in the SDR processing and should lead to higher quality SDR and EDRs. 
· The SDR product maturity has achieved at least at the Beta Quality Level. 
· Overall, no performance issues revealed that prohibit a “Beta” designation on SDR.  Further, the depth of the data review (perhaps not portrayed herein) suggests that major existing performance issues have been revealed and/or addressed.
· Investigating RTA/HAM synchronization loss
· QA bytes/fields need detailed examination
· Quality flags not yet fully validated: known code issues are being addressed by Raytheon
· NCEP/EMC not yet using VIIRS but expects to in August 2012
· Beta release, data open to public, ICV open to public
· Need a “state of completeness” for all tasks

· Geospatial: 
· VIIRS geometric performance is good as expected. Spatial characteristics meet criteria for beta maturity.  They will meet provisional maturity once more statistics is accumulated, additional scene deconvolution is performed and detailed study of M-band is also performed. It’s challenging to accurately estimate on-orbit BBR, especially for bands saturated by the moon.
· Within orbit thermal correction is likely to be needed – code change may be required.
· Digital Elevation Model (DEM) and Land/Water (L/W) mask should be updated (see MODIS C6)
· Geolocation accuracy during spacecraft maneuvers needs to be better understood
· Long-term Monitoring is needed for accurate geolocation
· Geolocation I/M-band accuracy is sub-pixel after first on-orbit LUT update
· Encoder and scan time/period are nominal
· Orbit and attitude are nominal
· BBR for non-lunar-saturated bands looks good
· M to I-bands nesting is validated

· RSB Bands:
· Throughput anomaly has had major impact on RSB calibration technical work and processes
· ART support
· Achieving and maintaining radiometric stability
· Sun Point/SCC Reset event impacts still being assessed
· Numerous minor code/LUT/documentation issues in “aging” ADRs require disposition
· Intermediate products need more attention 
· OBC IP – not all fields verified
· Calibrated Dual Gain IP – not validated
· Solar Diffuser Aggregation History – debugging of Solar Diffuser code in work 
· We compare near nadir over land only VIIRS observations (corrected for Rayleigh scattering and default ozone and water amount) close in geometry of Terra surface reflectance CMG product (0.05 degree resolution).VIIRS is also projected on the CMG grid
· We use near-coincident Aqua cloud mask to eliminate cloud/cloud shadow and high aerosol.
· This procedure only select a few observations per day given the cloud amount and the orbital pattern of VIIRS and Terra
· This method looks promising to inter-calibrate VIIRS with Terra. Problems can occur (see day 11/24/2011) when not enough coincident data over a range of bright target can be found. It needs to be refined
· It shows rather consistently an overestimation of VIIRS calibration (preflight) by about 15%.
· It was also extended to get where Aqua and VIIRS had coincident geometry and it confirms the results
· Assessments of VIIRS SDR Performance for Ocean Color EDRs  
· Since Feb. 6, 2012, VIIRS SDR (M1 to M7) data perform quite reasonable and good for ocean color EDRs, compared with both in situ and MODIS-Aqua data, as well as from VIIRS data stability (anomaly) analyses. 
· VIIRS SDR data before Feb. 6, 2012 are not useable, need data reprocessing for SDRs
· However, between SDR Cal LUT updates (weekly), ocean color EDRs show some important variations. This may be due to sensor NIR degradation and we need to test and evaluate ocean color EDRs with SDR Cal LUT daily updates.
· Daily SDR Cal LUT update is recommended. 
· VIIRS also shows some detector striping effects on the VIIRS-derived ocean color products (chlorophyll-a and radiance at blue bands)
· VIIRS Chl-a data are being used in support of NOAA near-real time operation 
· VIIRS Thermal Emissive Bands (TEB)
· TEB bands are stable and preliminary results showed TEB performance exceed the specification.
· STAR reported that VIIRS M12 striping at daytime is mainly caused by the difference in VIIRS azimuth angles among detectors. CRTM can simulate the striping effect.
· VIIRS, MODIS and AVHRR agree well over the SNO scenes.
· VIIRS and CrIS cross check can be performed at any time and any location. Both sensors for TEB agree well.
· VIIRS Performance for SST
· VIIRS is a good accurate instrument for SST
· Overall, radiances are accurate and stable
· Largely consistent  with AVHRR (a little less so with MODIS)
· Striping comparable with MODIS
· Improvements in Frequent  Data Outages / Instabilities and in De-Striping of radiances to improve SSTs
· VIIRS Active Fires
· Potentially overblown omission errors: Root cause associated with M13 aggregation scheme which is being performed in the brightness temperature domain as opposed to radiance
· Spurious fire pixels: 
· Primary root cause associated with incorrect M13 gain setting/switch causing abnormally high brightness temperature values along full scans
· Secondary root cause associated with bug in fire code



· Day Night Band (DNB)
· DNB geolocation is not currently terrain corrected – this is needed by the night/city-lights community
· DNB geolocation meets criteria for beta maturity; LUT03 implementing the change described is operational. It will meet criteria for provisional maturity once sufficient statistics is accumulated to resolve measurement uncertainty
· Monthly cross-stage calibration is not sufficient to maintain uniformity to DNB requirements
· Possible options:
· Perform VROP 705 across terminator on a weekly basis
· Use other illumination on SD as an alternative cross-stage calibration source
· Offset determination for High Gain Stage should use careful screening of scenes to reduce nightglow contamination
· DNB Stray Light
· It can be assumed that there is at least as much stray light in the earth view as is observed in the space view
· The SDR team was asked to investigate and report back on the Space View anomaly flag. Users should be able to identify areas where Space View error flag may not be operating correctly. 
· Stray light is evident in all the calibration views: space view blackbody and solar diffuser
· Some hysteresis or inter-stage-crosstalk seen which is not fully understood

· NOAA Integrated Calibration and Validation System (ICVS) for Instrument Long-Term Monitoring
· ICVS is monitoring over NOAA 30 satellite instruments and its on-orbit performance 
· ICVS is trending over 1000 parameters from instrument noise, housekeeping and telemetry, and data quality flags  
· It covers the instruments from UV, IR and microwave wavelengths
· It  is the largest and comprehensive system ever developed at NOAA to support the satellite operations 
· The online hitting rates are the highest, and is recommended by WMO and CGMS for space agency corporation 
· VIIRS Instrument Performance Monitoring
· All major VIIRS instrument parameters are monitored  near real time
· Online accessibility
· Critical for instrument performance evaluation, and instrument anomaly mechanism analysis 



Appendix B  Upcoming Major Milestones

· ADR 4586 scan-by-Scan F factor correction – AERB approval – April 2012
· Government RSB RSR version incorporated – May 2012
· [bookmark: _GoBack]ADR backlog addressed – May 2012
· SDR-level striping/banding quantification & monitoring – May 2012
· ADR 4586 scan-by-scan F factor correction implemented in IDPS Mx6.1 – June 2012
· RSB RSR shape corrected for throughput anomaly effects, if needed – June 2012 
· Improved DNB HG offset generation – June 2012
· Improved DNB gain ratio generation – June 2012
· Geolocation specific quality flag assessment – June 2012
· Quality flags, including Bright Pixel algorithm outputs, validated – June 2012
· CAL Provisional declaration – July 2012
· GEO Provisional declaration – July 2012 
· DNB terrain corrected geolocation (turned on in IDPS) – Aug. 2012
· TEB SDR algorithm fine-tuned – September 2012
· RSB striping mitigated and gain state transition continuity improved – September 2012
· SDR/GEO thermal correction code (implemented in IDPS) – Oct. 2012
· Fully integrated RSB calibration code – AERB approval – October 2012
· GEO Validated/Calibrated declaration – November 2012
· Fully integrated RSB calibration code – implemented in IDPS – December 2012 
· CAL Validated/Calibrated declaration – March 2013
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