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I Executive summary

I.1 Products covered by this document
	Product
	Product description
	Production unit, PU
	Dissemination unit DU

	SEAICE_GLO_SEAICE_L4_NRT_OBSERVATIONS_011_001
	Global sea ice L4 -sea ice  cons, edge, type, drift
	SIW-METNO-OSLO-NO
	SIW-METNO-OSLO-NO

	SEAICE_ARC_SEAICE_L4_NRT_OBSERVATIONS_011_002
	Arctic sea ice L4 Svalbard
	SIW-METNO-OSLO-NO
	SIW-METNO-OSLO-NO

	SEAICE_ARC_SEAICE_L4_NRT_OBSERVATIONS_011_003
	Arctic sea ice L4 Greenland
	SIW-DMI-COPENHAGEN-DK
	SIW-METNO-OSLO-NO

	SEAICE_BAL_SEAICE_L4_NRT_OBSERVATIONS_011_004
	Baltic sea ice L4
	SIW-FMI-HELSINKI-FI
	SIW-METNO-OSLO-NO

	SEAICE_BAL_SEAICE_L4_NRT_OBSERVATIONS_011_011
	Baltic sea ice SAR
	SIW-FMI-HELSINKI-FI
	SIW-METNO-OSLO-NO

	SEAICE_ARC_SEAICE_L4_NRT_OBSERVATIONS_011_005
	High resolution ice edge
	SIW-NERSC-BERGEN-NO
	SIW-METNO-OSLO-NO

	SEAICE_GLO_SEAICE_L4_NRT_OBSERVATIONS_011_006
	Global high resolution SAR sea ice drift
	SIW-DTUSPACE-COPENHAGEN-DK
	SIW-METNO-OSLO-NO

	SEAICE_ARC_SEAICE_L4_NRT_OBSERVATIONS_011_007
	Arctic SAR sea ice berg
	SIW-DMI-COPENHAGEN-DK
	SIW-METNO-OSLO-NO

	SEAICE_GLO_SEAICE_REP_OBSERVATIONS_011_009
	Ice concentration time series
	SIW-METNO-OSLO-NO
	SIW-METNO-OSLO-NO

	SEAICE_ARC_SEAICE_REP_OBSERVATIONS_011_010
	Time series, sea icedrift
	SIW-IFREMER-BREST-FR
	SIW-IFREMER-BREST-FR

	SEAICE_ANT_SEAICE_L4_NRT_OBSERVATIONS_011_012
	Antarctic high resolution ice product
	SIW-BAS-CAMBRIDGE-UK
	SIW-METNO-OSLO-NO


Table 1 : OSI TAC Sea Ice products and partner roles.
The main sea ice focus in the OSI TAC is on SAR-based products. The GMES satellite Sentinel-1 is developed for operational SAR applications with planned launch date in Autumn 2013. This will provide a stable and frequent access to SAR data for operational users. Providing input satellite data for sea ice mapping is one of the primer goals with Sentinel-1. In the MyOcean project the ASAR on ENVISAT was the main SAR data source until  failure of the satellite. Since that the data stream has been replaced by data from the Canadian Radarsat.

High resolution ice charts based on SAR and other satellite data is routinely produced by the national Sea Ice Services. In MyOcean-1 the link between the Ice Services and operational numerical oceanography represented by the MFCs was established: Ice charts are transformed to grid and formats usable for the numerical models, and made available through the OSI TAC. These products are used by the MFCs (Global, Arctic and Baltic) for validation of models and in sea ice data assimilation and are considered being close to the true state of the sea ice. A main task in MyOcean-2 is to describe the uncertainties, in terms of possible biases, variance and true resolution of the ice charts.

In the chapters below the validation procedures and brief summary of the product quality are presented for each OSI TAC sea ice product.   
II Production Subsystem description
The OSI TAC is a multi-mission integration activity. The main tasks to fulfil are: 

1. provide real-time, delayed mode update operations for L3, and L4 data products for SST, Sea Ice and Wind. 

2. provide data for long-term sea ice and surface wind monitoring data (climatology).

3. provide quality control, validation and error characterization of data products and services. 

This document describes the Sea Ice part of the OSI TAC. Wind and SST are described in separate documents. 

Seven Production Units are processing and delivering Sea Ice products, and performing the routine quality monitoring and validation of their products.

The three National Ice services at Met.No, DMI and FMI are producing high resolution ice charts mainly based on SAR data for Arctic, Greenland Sea and Baltic. These services are independent of MyOcean. As a part of the OSI TAC these ice charts are re-projected, gridded and supplied with uncertainty estimates as required for operational use in coupled ocean-sea ice models the Marine Core Service. 

In addition three SAR based products are derived specifically for the Marine Core Service:

1. DNSC: Global high resolution ice drift based on SAR

2. NERSC: High resolution ice edge based on SAR

3. NERC (BAS): Regional Sea Ice Antarctic

Routine monitoring of input SAR data is performed and found at:

http://myocean.met.no/SIW-TAC/status/wrap-sarstatus.shtml 

One Dissemination Unit at met.no is distributing eleven Sea Ice products, sharing the infrastructure with Arctic MFC. Status of these products is continuously monitored and can be found at:

http://myocean.met.no/SIW-TAC/status/wrap-siwtacstatus.shtml 

In addition one set of ice drift time series is distributed from the DU at IFREMER.  

III Validation framework
Validation is a continuous on-going activity to characterize accuracy and quality of the delivered sea ice products. It is mainly based on operational data, but can be supported by campaign data. 
Each PU is responsible for validation of their products. The OSI TAC Sea Ice Validation activities are based on what is already implemented at the partners’ institutes and has shown to be useful. 

Validation of the OSI TAC sea ice products is a challenge due to lack of ground truth. 

The analysis produced by the National Ice services at met.no, DMI and FMI are manually constructed ice charts based on high resolution satellite data, SAR and IR/optical for Arctic, Greenland Sea and Baltic. In general, these products are considered as the best available sea ice information and used as ground truth in several studies of sea ice. The automatic generated global sea ice products are using these manual analyses as reference data. 

In the Baltic the situation is better as in situ measurements from ships and ice breakers are regularly available through the ice season. 

Given the variability in the nature of the OSI TAC Sea ice products in terms of the way they are produced and limited availability of in situ reference data, the validation procedures are not standardized. Due to this the OSI TAC sea ice validation are for the moment (January 2013) not following conventions laid out in the MyOcean Cal/Val guidelines. 
The validation procedures for each product are described in the following chapters together with short summary of the validation results.
IV Validation

Updated validation results for the OSI TAC sea ice are found at 
http://myocean.met.no/SIW-TAC/siwdocs.html 
IV.1 Global sea ice products
	Product
	Product description
	Production unit, PU
	Dissemination unit DU

	SEAICE_GLO_SEAICE_L4_NRT_OBSERVATIONS_011_001
	Global sea ice L4 -sea ice  cons, edge, type, drift
	SIW-METNO-OSLO-NO
	SIW-METNO-OSLO-NO


The global sea ice products are delivered daily by OSI SAF. These are global sea ice concentration, edge, type and drift and are operational products from EUMETSAT Satellite Application Facility for Ocean & Sea Ice which is delivered to MyOcean in order to ease and enhance the use in operational oceanography. 

IV.1.1 Validation Procedures
Sea Ice Concentration is validated against 2D gridded data sets (operational Ice Service data from DMI and met.no). The results are given in terms of error estimates: STD, and bias of ice concentration

Sea Ice edge is validated against 2D gridded data sets (operational Ice Service data from DMI and met.no). The results are given in terms of mean distance to the ice edge and in percentage of overestimation and underestimation  
There is very limited amount of in situ or controlled ice type observation. A systematic validation of this product is currently not performed.

Validation of ice drift in the Arctic is performed against in situ drifters. The results are given in terms of error estimates: STD, and bias of the x and y components of the drift vector.

IV.1.2 Validation results

The OSI SAF sea ice products are validated operationally by the OSI SAF, and description of the validation routines and the latest results are found at http://osisaf.met.no/validation/
For the weekly validation the concentration product is required to have a bias and standard deviation less than 10 % ice concentration on an annual basis at the Northern Hemisphere. For the Southern Hemisphere the concentration product is required to have a bias and standard deviation less that 15%. These requirements are met with good margins especially during winter.  The ice concentration has a negative bias between 1 and 5 % during winter. During the summer months, in Arctic from May to August, the bias increase to around 10% mainly due to ambiguous open water due to melt ponds on the ice. 

The ice edge validations shows that the mean difference to the ice edge in Arctic winter is around 10 km. In summer this can increase to above 20 km. The validation of  Arctic ice drift product reveals standard deviation of 2-3 km in both components.  

IV.2 Regional Sea Ice Svalbard
	Product
	Product description
	Production unit, PU
	Dissemination unit DU

	SEAICE_ARC_SEAICE_L4_NRT_OBSERVATIONS_011_002
	Arctic sea ice L4 Svalbard
	SIW-METNO-OSLO-NO
	SIW-METNO-OSLO-NO


The regional sea ice product Svalbard is provided by the Sea Ice Service in Tromsø, VNN (met.no). It covers European Arctic wit focus on the areas around Svalbard and the Barents sea. The ice concentration is given wit h1 km horizontal resolution. The ice charts are primarily based on SAR (Radarsat and Envisat) data, together with AVHRR and MODIS data. A detailed interpretation of satellite imagery and a subsequent mapping procedure are carried out by skilled ice analysts.

An important use of the products is for validation of ocean/ice models (Arctic and Global MFC) and the global OSI TAC products. 

IV.2.1 Validation procedure

Validation of the products is a challenge due to lack of ground truth. The routine comparison with OSISAF global ice concentration and ice edge data allows for more regular data quality assurance. The product are at irregular intervals manual compared against  high resolution optical satellite data with a horizontal resolution down to 250 meter.  Data is downloaded from the Modis Rapid Response System (http://rapidfire.sci.gsfc.nasa.gov/subsets/) and the Hornsund subset are used. Validation is not carried out in the dark session due to lack of daylight and no visual data available. 

IV.2.2 Validation results

The latest validation report is found at:

http://myocean.met.no/SIW-TAC/siwdocs.html 

The validation of the regional high resolution ice chart of the Arctic has been performed in a two step routine. First the accuracy of the product has been validated against alternative satellite sources. Secondly the produced netCDF file has been checked to be compliant withe the CF-1.4 version of the netCDf standard.

The limited amount of in-situ measurements available in the Arctic makes it very difficult to give a quantitative number of the accuracy. Also it's difficult to use visual satellite data during the Arctic dark season. In the validation performed in the first quarter of 2013 we have used some infrared images from the NOAA satellites and an alternative SAR source from the COSMO SkyMed satellite. The data have been visual compared against the ice charts and it seems to be a good agreement between the different satellites and the ice charts.

A netCDF file have been downloaded from the dissemination unit at met.no and the content has been checked against the CF-checker that was developed at the Hadley Centre for Climate Prediction and Research, UK Met Office by Rosalyn Hatcher. The output from this test indicated no errors and no warnings.

IV.3 Regional Sea Ice Greenland
	Product
	Product description
	Production unit, PU
	Dissemination unit DU

	SEAICE_ARC_SEAICE_L4_NRT_OBSERVATIONS_011_003
	Arctic sea ice L4 Greenland
	SIW-DMI-COPENHAGEN-DK
	SIW-METNO-OSLO-NO


The regional Sea Ice products Greenland cover Greenland Seas and are produced and delivered by DMI. These are high resolution ice concentration with spatial resolution of 1.0 degree.

The products are based on manual interpretation of high resolution satellite data. A main use of the data is for validation of ocean/ice models (Arctic and Global MFC) and the global SIW TAC products. 

IV.3.1 Validation procedure

Validation of the high resolution regional ice chart of the Arctic Ocean is a challenging task due to lack of ground truth. In the production the satellite data used is expected to have a resolution high enough to represent the ground truth of the mapped area. The interpretation of the satellite data is a subjective analysis by the operator on duty. To verify how this will influence on the final product we will at regular intervals have two ice analysts producing independent product based on the same input data. The two products will be compared on a pixel basis and a confusion matrix containing ice concentration classes from the two analysts will be generated. This will give a measure of the uncertainty of the different ice concentration classes and the overall uncertainty of the product.

IV.3.2 Validation results

The latest validation report is found at:

http://myocean.met.no/SIW-TAC/siwdocs.html 
Since we do not know whether OSISAF or the icecharts in general are most correct, we report only on the differences between the two. 

90-95% if ice edge locations are the same, but differences where icechart ice edge shows more ice than OSISAF are more frequent than the opposite. Between 80 and 85% of grid points have differences less than 10% and more than 90% of points have differences less than 20%.

Standard deviation of differences between icecharts and OSISAF are between 7 and 9% for the analyzed period. Biases are in the order of 5% with the icechart overestimating relative to the OSISAF SIC product.

IV.4 Regional Sea Ice Baltic 
	Product
	Product description
	Production unit, PU
	Dissemination unit DU

	SEAICE_BAL_SEAICE_L4_NRT_OBSERVATIONS_011_004
	Baltic sea ice L4
	SIW-FMI-HELSINKI-FI
	SIW-METNO-OSLO-NO

	SEAICE_BAL_SEAICE_L4_NRT_OBSERVATIONS_011_011
	Baltic sea ice SAR
	SIW-FMI-HELSINKI-FI
	SIW-METNO-OSLO-NO


The regional Sea Ice products from Baltic are produced and delivered by FMI. These are ice resolution ice concentration and ice thickness.

IV.4.1 Validation data.

FMI validates ice thickness data, ice concentration data, and ice drift data. Ice thickness is validated with ice thickness measurements made on board Finnish icebreakers. Ice concentration validation is made against the ASI algorithm (by the University of Bremen). Ice drift data is validated against both drifter buoy data and drift measurements based on SAR images.
IV.4.2  Validation Procedure

RMS-error, mean error (bias), error (co)variance, for all the parameters present. Feedback to products: the product error estimates will be updated according to the validation, and the algorithms will be adjusted according to the feedback.

IV.4.3 Temporal and spatial coverage

The validation is performed twice for each season: the early winter validation in February (Dec-Jan data), and the late winter validation in May (Feb-Apr data), this six month period covers a typical Baltic ice season rather well. The ice drift is validated only once for the whole season. The reason for this is that the ice drift estimation is started later than the other products, because the algorithm only works for thick enough ice to at least partially preserve its shape during drifting. Thus we have to wait until there exist ice patches which do not exhibit a complete methamorphosis during the drifting, and can be tracked from a SAR image to another. 

IV.4.4 Validation results

The latest validation report is found at:

http://myocean.met.no/SIW-TAC/siwdocs.html 

The ice thickness was validated against the available ice thickness measurements (made on Finnish ice breakers), and the agreement was good, especially taking into account that ice thickness can vary significantly even within a small spatial area, and the measurements are point measurements. We have also included a comparison of the previous winter EM ice thickness measurements, because their processing only got ready after the final validation report of the previous season. The ice concentration were compared with the radiometer product of University of Bremen, and taking into account the restrictions of the radiometer product (poor/moderate resolution, mixed pixels), the agreement was good. The ice drift was validated against ice drifter buoys deployed into the Gulf of Bothnia, and also compared to daily ice motion computed from daily COSMO-SkyMED WR mode data (100x100km size, 30m resolution) over a fixed area in the Gulf of Bothnia. Because the ice cover in the drift ice area of the Gulf of Bothnia was not very thick during the season, the ice drift estimation was not very reliable, and the results of the comparisons did not give very good agreement either. This fact was also indicated by the quality index related to each ice drift estimate. The assigned quality estimates for the season were relatively low, indicating probable inaccuracies in the estimates.

IV.5 Arctic and Antarctic ice drift
	Product
	Product description
	Production unit, PU
	Dissemination unit DU

	SEAICE_GLO_SEAICE_L4_NRT_OBSERVATIONS_011_006
	Global high resolution SAR sea ice drift
	SIW-DTUSPACE-COPENHAGEN-DK
	SIW-METNO-OSLO-NO


SAR derived drift datasets are produced at the DTU Space and delivered in near real time to the Dissemination Unit at met.no.
IV.5.1 Validation procedure
The products are validated against reliable time series from buoys/drifters when such data are available.

The validation results are given as error estimates (bias/standard deviation, scatterplots) of the X and Y components of the drift numbers.

The validation will be ongoing when suitable validation data is available and reported quarterly.. 

IV.5.2 Validation results

Latest validation results are found at http://www.seaice.dk/myocean/validation/
The routine validation against Woods Hole GPS equipped ITPs shows a good quality product, nearly as good with Radarsat2 as it was with the original Envisat ASAR.

The validation report scatter plot shows good correlation, very close to 1:1 with very little outliers or noise.
IV.6 Ice berg density
	Product
	Product description
	Production unit, PU
	Dissemination unit DU

	SEAICE_ARC_SEAICE_L4_NRT_OBSERVATIONS_011_007
	Arctic SAR sea ice berg
	SIW-DMI-COPENHAGEN-DK
	SIW-METNO-OSLO-NO


The iceberg number density product is based on satellite data from SAR (Radarsat). The output is iceberg number density given as number of icebergs sampled in grid cells each covering 10 x 10 km. Each file produced is a netCDF file including a grid which more or less covers the entire Greenland Waters, however the spatial coverage of each SAR scene is much smaller – about 500 x 500 km.

IV.6.1 Validation procedure:

Due to different forms of noise affecting the SAR signal, errors (false icebergs) may arise in the CFAR iceberg product. However, due to lack of (and difficulties in getting) ground truth data, true validation of iceberg number density is a challenging if not impossible task.

Thus, to describe whether the results are likely to be within a realistic range we have used about 10 years of SAR data from the DMI archive to generate iceberg statistics for the Greenland Waters. Each product is then be compared to these statistical data. For each valid 10x10 km grid cell over the Greenland Waters, percentiles (P84 and P97) of iceberg number density have been derived. The percentiles have been derived using a running seasonal analysis.

IV.6.2 Validation results

We are working on an update of the iceberg statistics based on the Radarsat SAR image archives at DMI. Since the archive has increased dramatically during the latest year, validation results will be more robust. The new validation results (derived as described in the above section) will be included in the next validation report.  

The latest validation report is found at:

l

 HYPERLINK "http://myocean.met.no/SIW-TAC/siwdocs.html"
http://myocean.met.no/SIW-TAC/siwdocs.htm 
IV.7 Time series Ice concentration
	Product
	Product description
	Production unit, PU
	Dissemination unit DU

	SEAICE_GLO_SEAICE_REP_OBSERVATIONS_011_009
	Ice concentration time series
	SIW-METNO-OSLO-NO
	SIW-METNO-OSLO-NO


The OSI SAF sea ice concentration products are available from Oct. 1978 to Dec. 2007 except for shorter gaps due to satellite malfunction or planned maintenance. The SMMR instrument was operated every second day.

IV.7.1 Validation procedure

The data has been validated against operational sea ice charts from National Ice Center (NIC). The ice charts, intended for aiding navigation are produced on a regular basis covering all seasons, both Southern and Northern hemispheres and the time series cover the entire reanalysis period except for the period 1995 to 2002 on the southern hemisphere where we have been unable to acquire digital ice charts.

IV.7.2 Validation results

Validation results are found on http://osisaf.met.no/validation/
A validation report is found at: http://osisaf.met.no/docs/validation_report_seaicereproc_ss2_v1p1.pdf 
IV.8 Antarctic high resolution ice product
	Product
	Product description
	Production unit, PU
	Dissemination unit DU

	SEAICE_ANT_SEAICE_L4_NRT_OBSERVATIONS_011_012
	Antarctic high resolution ice product
	SIW-BAS-CAMBRIDGE-UK
	SIW-METNO-OSLO-NO


The high resolution regional sea ice edge product for the Antarctic is provided by BAS. It covers the Antarctic Peninsula and Weddell Sea region in the Southern Ocean, provided every working day depending on availability of SAR image data. The temporal coverage is variable and focused on the austral summer season (October to March).
The product is based on manual interpretation of satellite data from Radarsat2 ScanSAR Wide SAR imagery with a swath width of 500km, resampled to a spatial resolution of 100 meters. The nominal temporal span between interpreted swaths is 24 hours and the nominal product grid resolution is 1km. The final products are converted to and published in the NetCDF file format. 
IV.8.1 Validation procedure:

Validation of the ice classification product is difficult due to lack of in situ observations and coincident high resolution imagery for comparison. As an alternative the product will continuously compared with a manually interpreted sea ice edge from MODIS satellite imagery and the OSI SAF sea ice edge product.
IV.8.2 Validation results

The latest validation report is found at:

http://myocean.met.no/SIW-TAC/siwdocs.html 
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