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MEMORANDUM FOR:  The Record

FROM: 
Jeff Key


Cryosphere EDR Team Lead, NOAA/NESDIS/STAR

SUBJECT:
Sea Ice Characterization EDR Provisional Status

DATE: 
14 November 2013
The Suomi National Polar-orbiting Partnership (S-NPP) Spacecraft with the Visible Infrared Imaging Radiometer Suite (VIIRS) was successfully launched on October 28, 2011. VIIRS succeeds the NOAA Advanced Very High Resolution Radiometer (AVHRR) and NASA Moderate Resolution Imaging Spectroradiometer (MODIS). With 22 spectral bands covering wavelengths from 0.41 to 12.5 µm, VIIRS provides operational information on the land surface, atmosphere and ocean for weather, climate and other environmental applications. The VIIRS product list includes 22 Environmental Data Records (EDR) along with calibrated and geo-located Sensor Data Records (SDR). The Sea Ice Concentration IP and the Sea Ice Characterization EDR are among a number of cryosphere products generated with VIIRS data. 
The VIIRS Sea Ice Concentration IP consists of retrieved ice concentrations at VIIRS imagery spatial resolution (375 m @ nadir), for both day and night, over oceans poleward of 36º N and 50º S latitude.  The Ice Concentration algorithm computes ice fractions based on ice and water tie points determined from VIIRS I1 (0.64 µm and I2 (0.865 µm) reflectance and VIIRS I5 band (11.5 µm) based retrieved surface temperature from the VIIRS Surface Temperature IP. 

Ice/water thresholds are determined from the distribution of reflectance and temperature.  Ice and water tie points are derived from the local maxima of the reflectance and temperature distribution within a sliding search window centered on each pixel.
Inputs to the Sea Ice Concentration IP algorithm are the top-of-atmosphere (TOA) reflectance (VIIRS I1 and I2 bands) and Surface Temperature IP at VIIRS imagery resolution. Cloud and quality information are provided by the Ice Quality Flags and IP, and the Ice Weights IP.  The algorithm outputs the Sea Ice Concentration IP and Reflectance/Temperature IP.

There is no visible or thermal band operational heritage for the Sea Ice Concentration IP.  Passive microwave sensors, such as SSM/I, provide a heritage with ice concentration products. 
The VIIRS Sea Ice Characterization EDR consists of ice classifications for Ice Free, New/Young Ice and Other Ice at VIIRS moderate spatial resolution (750 m @ nadir), for both day and night, over oceans poleward of 36ºN  and 50ºS latitude.  New or young (New/Young) ice is discriminated from thicker ice (Other Ice) by a threshold ice thickness of 30 cm. Discrimination of New/Young ice from thicker ice is achieved by two algorithms: 

1. Energy (heat) balance retrieval for nighttime and large solar zenith angles
2. Reflectance/ice thickness retrieval using modeled Sea Ice Reflectance LUT for daytime

Inputs to the Sea Ice Characterization EDR are the Ice Reflectance/Temperature IP, Ice Quality Flags IP, AOT IP, granulated ancillary surface wind speed, surface air pressure, surface air temperature and surface air specific humidity, modeled Snow Depth/Sea Ice Climatology LUT, modeled sea ice reflectance LUT, sea ice spectral albedo and broadband albedo LUTs, and atmospheric transmittance LUT.
There is no operational heritage for the Sea Ice Characterization EDR.  Research heritage includes Comiso and Massom 1994, Yu and Rothrock 1996 and Wang et al. (2010).
The VIIRS Sea Ice Concentration IP and Sea Ice Characterization EDR have been examined to assess their compliance with the provisional-level quality requirements. Provisional data quality is defined as:
· Product quality may not be optimal.

· Incremental product improvements are still occurring.

· Version control is in effect.

· The general research community is encouraged to participate in the quality assurance (QA) and validation of the product, but needs to be aware that product validation and QA are ongoing.

· Users are urged to consult the EDR product status document prior to use of the data in publications.

· The product is ready for operational evaluation.

The quality of the VIIRS Sea Ice Concentration IP and VIIRS Sea Ice Characterization EDR has been evaluated since the start of the product generation in February 2012. We have routinely compared the results of sea ice concentration (IP) and sea ice type (EDR) with SSM/I passive microwave sea ice concentration, ice extent maps derived from MODIS onboard the Terra and Aqua satellites, and National Ice Center Arctic sea ice charts. Visual analysis of VIIRS false color imagery at a full pixel resolution was also used to qualitatively evaluate the VIIRS Sea Ice Concentration IP and VIIRS Sea Ice Characterization EDR accuracy and to identify its possible failures. A limited amount of airborne ice thickness data has also been used to evaluate if the VIIRS Sea Ice Characterization EDR ice type (“new/young ice” or “other ice”) is correctly classified. Qualitative analysis of sea ice concentration and characterization generated with VIIRS was performed globally, whereas more detailed quantitative evaluation of the product accuracy was conducted over the Northern and Southern Hemispheres as well as for individual granules. 
Our preliminary analysis has shown that the VIIRS Sea Ice Concentration IP performs well in identifying sea ice. However, false ice has been observed in the Sea Ice Concentration IP in lower latitude regions where, from a climatological perspective, it should not appear. Most, fi not all, of this issue appears to be related to the VIIRS cloud mask (VCM), which is constantly being improved. Furthermore, false ice is frequently observed near cloud edges. 
At present, the VIIRS Sea Ice Characterization EDR does not accurately classify ice type (New/Young Ice vs. Other Ice) under many conditions.  Significant discontinuities in the Sea Ice Characterization EDR ice classification between New/Young Ice and Other Ice have been observed in the EDR granule level mapped composite data.  Ice classification discontinuities are most evident near the terminator region where the algorithm transitions from the daytime reflectance-based algorithm to the nighttime energy balance algorithm. Ice misclassifications have also been observed to occur due to low opacity clouds or ice fog, particularly during nighttime. The lower reflectance of melting sea ice appears to cause the SIC EDR to indicate New/Young Ice, although this type of ice cannot be present during the melt season.  
Based on our evaluation, the VIIRS Sea Ice Concentration IP and VIIRS Sea Ice Characterization EDR meet all provisional-level quality criteria. Although several issues still exist, especially for the VIIRS Sea Ice Characterization EDR, our evaluation shows that sea ice location is reasonably well represented, and some sea ice classifications by the EDR are correct. Significant improvement in the VIIRS Sea Ice Characterization EDR is needed.  
We therefore conclude that the IDPS VIIRS Sea Ice Concentration IP and the IDPS VIIRS Sea Ice Characterization EDR have reached the provisional maturity level. The VIIRS Sea Ice Characterization EDR product is appropriate for users to gain experience with its data formats and parameters. The provisional effectivity date for both products is 15 October 2012, corresponding to the MX6.4 system build.

The Board recommends that users be informed of the following product information and characteristics when evaluating the product:

· The VIIRS Sea Ice Concentration IP and Sea Ice Characterization EDR have been generated since January 2012. However, the time series of the derived product is not consistent. Inconsistency occurred due to several modifications that have been introduced to the cloud detection algorithm and hence to the cloud mask during the time period from February 2012 to October 2013. 
· Significant discontinuities in ice concentration and ice classification are evident at the 85 deg SZA transition between day and night.

· False ice is frequently observed near cloud edges, and also exists at other locations.

· Ice misclassifications by the Sea Ice Characterization EDR have also been observed to occur due to low opacity clouds or ice fog, particularly during nighttime. 
· The lower reflectance of melting sea ice appears to cause the Sea Ice Characterization EDR to indicate New/Young Ice, although this type of ice cannot be present during the melt season.  
· Performance of VIIRS Cloud Mask (VCM) remained non-uniform and suboptimal during the monitoring period. This adversely affected the accuracy of the VIIRS Sea Ice Concentration IP and Sea Ice Characterization EDR causing incorrect sea ice identifications. Improvements to the VCM are currently underway and will be reflected in future versions of the VIIRS Sea Ice Concentration IP and Sea Ice Characterization EDR.
· The conclusion on the realistic representation of ice concentration by the VIIRS Sea Ice Concentration IP and sea ice characterization by the VIIRS Sea Ice Characterization EDR and on their accuracy has been made based on the analysis of the product during the time period from January 2012 to October 2013. 
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