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1. Introduction

1.1. The EUMETSAT Ocean and Sea Ice SAF

The Satellite Application Facilities (SAFs) are dedicated centres of excellence for processing satellite
data – hosted by a National Meteorological Service – which utilise specialist expertise from institutes
based in Member States. EUMETSAT created Satellite Application Facilities (SAFs) to complement its
Central Facilities capability in Darmstadt. The Ocean and Sea Ice Satellite Application Facility (OSI
SAF)  is  one  of  eight  EUMETSAT SAFs,  which  provide  users  with  operational  data  and  software
products. More on SAFs can be read at www.eumetsat.int.

The objective of  the OSI  SAF is  the operational  near  real-time production and distribution of  a
coherent set of information, derived from earth observation satellites,  and characterising the ocean
surface and the energy fluxes through it: sea surface temperature, radiative fluxes, wind vector and sea
ice characteristics. For some variables, the OSI SAF is also aiming at providing long term data records
for climate applications, based on reprocessing activities.

The OSI SAF consortium is hosted by Météo-France. The sea ice processing is performed at the
High  Latitude  processing  facility  (HL  centre),  operated  jointly  by  the  Norwegian  and  Danish
Meteorological Institutes.

The sea ice products include sea ice concentration, the sea ice emissivity at 50 GHz, sea ice edge,
sea ice type and sea ice drift and sea ice surface temperature (from mid 2014).

1.2. Disclaimer

All intellectual property rights of the OSI SAF products belong to EUMETSAT. The use of these
products  is  granted  to  every  interested  user,  free  of  charge.  If  you  wish  to  use  these  products,
EUMETSAT’s  copyright  credit  must  be  shown  by  displaying  the  words  “Copyright  ©  <YYYY>
EUMETSAT” or the OSI SAF logo on each of the products used.

Note : The comments that we get from our users is an important input when defining development
activities and updates, and user feedback to the OSI SAF project team is highly valued.

Acknowledgement and citation. Use of the product(s) should be acknowledged with the following
citations (product specific):

OSI-401-d: OSI SAF (2021): Global Sea Ice Concentration (SSMIS) Level 3, EUMETSAT SAF on Ocean and
Sea Ice.

OSI-408-a: OSI SAF (2021): Global Sea Ice Concentration (AMSR-2) Level 3, EUMETSAT SAF on Ocean 
and Sea Ice.

OSI-410-a: OSI SAF (2021): Global Sea Ice Concentration (AMSR-2, SSMIS) Level 2, EUMETSAT SAF on 
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Ocean and Sea Ice.

1.3. Scope of this document

This document presents the validation results for  the following Near Real  Time (NRT) OSI SAF
global sea ice concentration (SIC) products:

● AMSR2 Level 3 product (OSI-408-a)
● SSMIS Level 3 product (OSI-401-d)
● AMSR2 and SSMIS Level 2 products (OSI-410-a)

As  described in  the  ATBD,  the  NRT OSI  SAF sea ice  concentration  operational  algorithm was
modified to  have an unified processing chain which equally  processes Level  1  passive microwave
measurements  from  different  sensors.  Although  the  microwave  sensors  can  have  different
characteristics  (such  as  temporal  and  spatial  resolution),  this  unique  framework  provides  more
consistency between the Level 2 and Level 3 products which are generated from different satellites.
Additionally, to simplify the use of different sea ice concentration datasets, we made changes so that
the content (variables) of the Level 2 and Level 3 products (NetCDF files) is equivalent (more details
can be found in the PUM). 

The validation method described in this report is similar to the methodology that is used for the
ongoing validation of the ice concentration product and documented in the half-year operations report.
The  validation  is  a  comparison  between  the  OSI  SAF  sea  ice  concentrations  and  the  ice  charts
produced manually on the basis of satellite and reconnaissance data for ship navigation support. 

1.4. Glossary

AMSR Advanced Microwave Scanning Radiometer

ATBD Algorithm Theoretical Basis Document

CDOP Continuous Development and Operations Phase

L2 Level 2 product

L3 Level 3 product

NRT Near Real Time

NIC National Ice Center

OSI SAF Ocean and Sea Ice Satellite Application Facility

PRD Product Requirement Document

PUM Product User Manual

RTTOV Radiative Transfer for TOVS
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SIC Sea Ice Concentration

SSMIS Special Sensor Microwave Imager Sounder

TUD Technical University of Denmark

1.5. Reference and applicable documents

1.5.1. Applicable documents

[1] EUMETSAT OSI SAF
Product Requirements Document
SAF/OSI/CDOP3/MF/MGT/PL/2-001, version 1.9, 31/12/2021

1.5.2. Reference documents

[1] EUMETSAT OSI SAF
The EUMETSAT OSI SAF Sea Ice Concentration Algorithm, ATBD,OSI-410-a,  OSI-401-d, OSI-408-

a
SAF/OSI/CDOP4/DMI/SCI/MA/403, version 1.1, 23/05/2022

[2] EUMETSAT OSI SAF
The EUMETSAT OSI SAF Sea Ice Concentration Product User Manual OSI-410-a,  OSI-401-d, OSI-

408-a
SAF/OSI/CDOP4/DMI/SCI/MA/421, version 0.1, 22/06/2022
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2. Validation methodology

2.1. Data

2.1.1. Ice Charts

The primary source of data to validate the OSI SAF sea ice concentration is the operational sea ice
charts  from  the  U.S.  National  Ice  Center  (USNIC).  The  ice  charts,  which  represent  a  relatively
independent source of ice information and intended for aiding navigation, are produced on a regular
basis  covering  all  seasons,  both  Southern  and  Northern  hemispheres.  Ice  charts  are  produced
manually,  from satellite and reconnaissance data for  ship navigation support.  The ice charts  are a
detailed interpretation of primarily satellite imagery and a subsequent mapping procedure is carried out
by skilled (experienced and trained) ice analysts. The ice charts are primarily used for strategic and
tactical planning within the offshore and shipping community. Requirements are strict with demands for
detailed high quality products for several areas. The ice charts are based on satellite SAR data e.g.
Radarsat-2  since  2008,  together  with  visual/infrared  line  scanners  e.g.  SSMI,  AVHRR,  MODIS,
whenever daylight and cloud cover conditions allow. Passive microwave data have also possibly been
used as background in the manual analysis for making the ice charts. However, the spatial resolution of
the microwave radiometer data is too coarse for making navigational ice charts and they are always
used together with higher resolution data. In addition to the satellite data, ice charts are based on
information from ships and aircraft reconnaissance. The ice charts are a weekly compilation of the ice
conditions, and it is clear that the estimates of ice concentration in the charts is based on the judgement
of the analyst. The weekly ice chart has a specific date of validity (generally year/month/day), even
though the data from which it  was derived can be from various dates within the week. It  is  worth
mentioning that the coverage of SAR data over the Antarctic Sea Ice Zone is lower respect to the Arctic
and also the availability of manual observations is decreased due to reduced ship traffic with respect to
the Northern hemisphere (NH). As a results, the Southern hemisphere (SH) USNIC weekly ice charts
might be based more on passive microwave data than those in the NH and consequently the OSI SAF
sea ice products might be closer to the USNIC charts over the SH than NH.

In this report  we use the NH and SH weekly ice charts (shapefiles) which are available from 1
January 2021 to 31 December 2021.  The shapefiles for the Arctic and the Antarctic can be downloaded
from the USNIC website respectively from the following links (last access May 2022): 

● https://usicecenter.gov/Products/ArcticData  
● https://usicecenter.gov/Products/AntarcData  

2.1.2. OSI SAF sea ice concentration

The validation period of the OSI SAF SIC covers 1 year from 1 January 2021 to 31 December 2021.
In the assessment, given the date (‘year/month/day’) of the USNIC ice chart, we consider the OSI SAF
product which corresponds to the same date of the ice chart. This means that for the Level 3 products
(L3) we have 1 single file to validate, while for the Level 2 products (L2) we assess all the satellite
overpasses which are available for the date of the ice chart. Following the L3 and L2 NetCDF files

SVR for OSI-401-d, OSI-408-a and OSI-410-a OSISAF/DMI/SVR/422

01/11/2022 Version 1.0 6/25

https://usicecenter.gov/Products/ArcticData
https://usicecenter.gov/Products/AntarcData


naming convention described in the PUM, if ‘YYYYMMDD’ is the date of the ice chart, the L3 product
which is validated is the NetCDF file identified by the string  ‘YYYYMMDD1200’, while the validated L2
NetCDF products are those identified by the strings ‘YYYYMMDDHHMM’ (‘HHMM’ indicates the initial
time, UTC, of the satellite scan) so that we consider all the satellite orbits for that day.    

In the following sections the OSI SAF products are simply identified as:

● OSI-408-a: L3 AMSR2
● OSI-401-d: L3 SSMIS
● OSI-410-a: L2 AMSR2; L2 SSMIS 

Note that, for the AMSR2 products, we use the string ‘TUD’ when we need to identify the sea ice
estimate which is generated by the TUD algorithm (ATBD for more details). For the L2 SSMIS products,
we diversify the results by means of the string ‘F16’, ‘F17’ or ‘F18’ which corresponds to the satellite
used to derive the product. In this report, we validate the OSI SAF sea ice concentration (the ‘ice_conc’
variable in the NetCDF files) that is retrieved by the algorithm and is filtered by means of identical
screening tests (ATBD and PUM for more details). Additionally, in section 3, where we compare the
validation results  of  the upgraded NRT algorithm with  those obtained from the current  operational
implementation, we diversify the products respectively with the strings ‘Upgrade’ and ‘Op’.  

2.2. Methodology

The assessment criteria is based on a cell by cell comparison between the ice chart and the OSI
SAF product. To do that, the primary step of the validation is to grid the USNIC onto the OSI SAF
projection and resolution of the L3 product which is a Polar Stereographic projection with a grid spacing
of 10 km (more details in the PUM). In every cell of the common L3 grid, the ice chart SIGRID (the
WMO standard code for describing the ice concentration in the chart) is the variable which provides  the
estimate of the sea ice concentration of the ice chart in terms of interval bounds (lower and upper
boundary) and mid value.  According to the Product Requirement Document (PRD), the cell  by cell
assessment is conducted separately over regions of ice and water respectively for the Southern and
Northern  hemisphere.  The  bias  and  the  standard  deviation  (std)  of  the  bias  are  the  parameters
calculated in this report  and as for  the PRD, the std is used to assess the target  accuracy of  the
products. In our validation methodology, the ice and water regions are identified from the ice chart
where the SIC is respectively greater than 95% (this threshold is chosen to match the threshold that is
used in the NRT algorithm to identify the tie-points over ice, ATBD for more details) and equal to 0%. 

The bias is computed as OSI SAF product minus ice chart and, over ice regions, we assume the
following logic: 

● The OSI SAF product  is  within  the lower and upper boundary of  the ice chart:  the bias is
assumed equal to zero and we count this event as a ‘hit’. 

● The OSI SAF product is outside the lower and upper boundary of the ice chart:  the bias is
calculated considering the lower or upper boundary respectively if the OSI SAF SIC is less than
the lower boundary or greater than the upper boundary. 

Over water regions, being the SIC of the ice chart equal to zero, the bias and the standard deviation of
the bias represent the mean and the standard deviation of the OSI SAF product. In this case we do not
count ‘hit’ events, but we simply identify the number of water points in the ice charts.
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To validate the L2 products, we use the same logic described for the L3 products, but to have a cell
by  cell  comparison,  we  firstly  interpolate  the  satellite  grid  points  (the  L2  product  is  given  at  the
resolution of the satellite swath) onto the L3 ice chart grid by means of the nearest neighbour method.
Basically, the different satellite segments are validated searching for the ice and water regions which
overlap the ice chart.

3. Level 3 product assessment

In this section we present the results of the assessment for the Level 3 products. The validation
period covers 1 year from 1 January 2021 to 31 December 2021. 

We firstly  compare  the  results  of  the  validation  that  we obtained for  the  L3  products  from the
upgraded  NRT SIC  algorithm.  As  mentioned  above,  the  processing  logic  is  now  identical  for  the
products and this ‘fair’ comparison can be seen as the result of using different sensors (e.g. L3 SSMIS
VS L3  AMSR2)  or  different  algorithms  (e.g.  L3  AMSR2  VS L2  AMSR2-TUD).  The  comparison  is
presented by time series plots which separately show the results for the Southern (Figure 1) and the
Northern (Figure 2) hemisphere. In each figure, the time series displays the bias, the standard deviation
of bias and the counts which are calculated respectively over ice and water regions. Figure 1 and
Figure 2 are  in  agreement  with  the  expected results:  a)  over  ice,  there is  a  clear  signal  that  the
accuracy of the product decreases during the melting season and summer time and increases during
winter time when consolidated ice regions are well  established; b)  over water,  the reduction of  the
accuracy is not well  correlated with the seasonality,  although the plots show some dependency on
those months where the number of water points start to decrease due to the  freezing process which
can be difficult to discriminate. Overall, the products show a similar behaviour, although from Figure 1
and Figure 2 we can generally  state that:  a)  over  ice,  the  L3  AMSR2-TUD tends to  increase the
estimate of the SIC particularly in the SH (smaller bias and larger number of count ‘hits’); b) the L3
SSMIS product, most likely due to the lower resolution of the sensor, seems to be slightly less accurate
than the L3 AMSR2 products. 

To generalise  the  results  of  Figure  1 and Figure  2,  we calculate  the  statistics  (always keeping
separated the NH from the SH) splitting the dataset considering the following months: 

January,  February,  March,  April,  November  and December  (we identify  this  period with  the
string ‘J,F,M,A,N,D’); 
May,  June,  July,  August,  September  and  October  (we  identify  this  period  with  the  string
‘M,J,J,A,S,O’).

In doing so, we individually assess two distinct times of the year and this helps in providing a general
indication of the accuracy of the products due to the seasonality in the two hemispheres. The overall
summary of the statistics computed for the 2 different seasons and the 2 hemispheres are grouped in
Table 1, which shows the results over ice regions, and Table 2, which shows the results for water
regions. In Table 1, over ice regions, apart from bias, standard deviation of bias and counts of ‘hits’, as
a general indication we also provide the mean value and the standard deviation of the OSISAF SIC. In
Table 2, over water regions, being the SIC of the ice chart equal to zero, the bias and the standard
deviation of the bias represent the mean and the standard deviation of the OSI SAF product.
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Figure  1: Time  series  for  the  Level  3  products  in  the  Northern  Hemisphere  (NH).  The  time  series  is
diversified for those regions where the sea ice concentration (SIC) is greater than 95% (left column) and
equal to 0% (right column). The small dot on the line indicates the date of the ice chart. Statistics over ice
regions (bias, standard deviation of bias and number of hits) are calculated as explained in section 2.2. Over
water, being the SIC of the ice chart equal to zero, the bias and the standard deviation of the bias represent
the mean and the standard deviation of the OSI SAF product. In this case, the number of counts identifies
the number of open water points in the ice charts.
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Figure 2: Same as Figure 1, but the statistics are for the Level 3 products in the Southern Hemisphere (SH).

SIC > 95% SH (M,J,J,A,S,O) SH (J,F,M,A,N,D) NH (J,F,M,A,N,D) NH (M,J,J,A,S,O)

Bias
L3 SSMIS
L3 AMSR2
L3 AMSR2-TUD

-3.47
-3.34
-2.08

-5.58
-4.30
-3.69

-0.79
-0.69
-0.64

-3.75
-3.25
-2.79

Std of Bias
L3 SSMIS
L3 AMSR2
L3 AMSR2-TUD

5.55
5.86
5.41

10.32
9.25
9.27

3.40
3.60
3.34

11.26
10.67
10.11

Counts [Hits]
L3 SSMIS
L3 AMSR2
L3 AMSR2-TUD

970577
1017457
1506215

206885
252916
302953

1847169
1900496
1905430

656732
660543
795235

Mean OSISAF SIC
L3 SSMIS
L3 AMSR2
L3 AMSR2-TUD

95.89
95.97
97.35

93.50
94.69
95.34

97.99
97.96
98.32

95.21
95.61
96.37

Std of OSISAF SIC 
L3 SSMIS
L3 AMSR2
L3 AMSR2-TUD

5.30
5.62
5.34

9.91
8.91
9.01

3.45
3.70
3.49

10.97
10.45
9.96

Table 1: Summary of the statistics computed for the 2 different seasons and the 2 hemispheres over ice
regions.  As a general indication we also provide the mean value and the standard deviation of the OSISAF
SIC.
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SIC 0% SH (M,J,J,A,S,O) SH (J,F,M,A,N,D) NH (J,F,M,A,N,D) NH (M,J,J,A,S,O)

Bias  ==  Mean
OSISAF SIC

L3 SSMIS
L3 AMSR2
L3 AMSR2-TUD

0.41
0.35
0.36

0.13
0.09
0.09

0.35
0.27
0.29

0.18
0.12
0.12

Std of Bias == Std
of OSISAF SIC

L3 SSMIS
L3 AMSR2
L3 AMSR2-TUD

3.83
3.99
4.05

2.05
2.03
1.98

3.74
3.69
3.87

2.68
2.29
2.39

Counts  of  water
points

L3 SSMIS
L3 AMSR2
L3 AMSR2-TUD

6626561 8747147 3734657 5230289

Table 2: Same as Table 1, but the statistics are computed over water. Being the SIC of the ice chart equal to
zero, the bias and the standard deviation of the bias represent the mean and the standard deviation of the
OSI SAF product. In this case, the number of counts identifies the number of open water points in the ice
charts.
 

The results listed in Table 1 and Table 2 can be summarised as follows:

● Over ice, the products show a similar behaviour in the 2 hemisphere: better accuracy (lower
bias and std) in those 6 months which are most likely characterised by well consolidated and
developed ice pack, and on the contrary, decrease in accuracy (larger bias and std) in those 6
months where processes like melting and  freezing  generate larger regions of mixed ice and
water (e.g. ice drift, melting ponds and so on) which are much more complex to discriminate for
the algorithm. The other general indication is that the OSI SAF products are characterised by
less ice (negative bias) with respect to what is prescribed in the ice chart. 

● Over water,  we do not  observe a distinct  change in the accuracy of  the products  with  the
seasons,  but  the magnitude of  the bias  and std is  close.  However,  we can notice a slight
increase  in  the  magnitude  of  the  bias  and  std  during  the  ‘winter’  months.  Generally,
independently of the season, being the bias slightly positive, these statistics are simply related
to the fact that the OSI SAF products in the ice edge areas are characterised by  more ice than
is assigned in the ice chart.      

The other important result encapsulated in Table 1 and Table 2 is that the products generally satisfy
the  required  accuracy  (in  standard  deviation)  as  described  in  PRD which  prescribed:  a  threshold
accuracy of  20%; a target  accuracy of  10% and 15% respectively  for  the NH and SH; an optimal
accuracy of 5%. 

To extend the results of Figure 1, Figure 2 and Table 1 and Table 2, we calculate the maps of the
mean bias which are computed considering the L3 OSI SAF products (SSMIS and AMSR2) and all the
USNIC charts for 2021. These geographical maps provide an overall indication of the magnitude and
the location of  the bias for  both the hemispheres,  diversifying the bias calculated over ice regions
(Figure 3) and over open water areas (Figure 5). In this analysis, we also compare the validation results
of the upgraded NRT algorithm with those obtained from the current operational implementation so that
we can, in a general and qualitative way, assess the upgraded algorithm. We do not show maps for the
L3 AMSR2-TUD product because the results are similar to those obtained for the L3 AMSR2. The maps
of Figure 3 and Figure 5 indicate that: 
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● over ice regions in the NH, although the overall mean bias for the upgraded system is slightly
increased, we can say that the impact of the changes is quite neutral. Indeed, the geographical
areas where the bias is located are identical and the increased magnitude of the bias is mainly
due to some underestimation of ice in complex coastal areas. This is demonstrated by Figure 4
which is equivalent to Figure 3, but the statistics are computed removing the near coast grid
points. In this case, comparing Figure 3 with Figure 4, we can see that the resultant magnitude
of the bias in both the systems is reduced by more than 50% and, additionally, the overall mean
bias of the upgraded algorithm appears slightly lower than the current operational system. On
the contrary, in the SH, the upgraded system shows a consistent reduction in the magnitude of
the bias for both the SSMIS and AMSR2 products. In this case, comparing the statistics of
Figure 3 and Figure 4, we can also see that the change in the magnitude of the bias is about
5% and in some way this indicates that the algorithm does a better job in handling coastal areas
in the Southern hemisphere.

● Over water regions, as also indicated by the overall mean displayed on every subplot, we are
constantly observing a reduction in the magnitude of the bais. The only exception is the L3
SSMIS in the SH where the magnitude of the bias seems to increase in some areas (dark red in
the plot) that are associated with the ice edge which is observed during the summer months.
Discrimination of the ice edge during summer time is generally hard to discriminate (e.g. more
ice drift and melt ponds) and from this analysis we can simply say that the OSISAF product has
a bit more ice than that prescribed in the ice chart.

Finally, to have a general assessment of the sea ice estimates which are obtained from the upgraded
algorithm, we calculate the normalised change in the standard deviation (STD) of the bias as: (STDupgraded -

STDop)/STDop. The normalised change in STD is computed considering all the USNIC charts for 2021 and
we do not discriminate between open water (SIC = 0%) and ice (SIC > 95%), but we take into account
all the grid points of the product and the ice chart (sea ice concentration from 0% to 100%). The results are
displayed in Figure 6 which shows the maps of the normalised change in STD for the L3 SSMIS and AMSR2
products in both the hemispheres. Although there are some areas where the upgraded system does not
perform better than the previous system, the maps of Figure 6 show that most of the regions are on the
greenish side which means a reduction in the STD. Additionally, the overall mean STD which is displayed in
each panel of Figure 6 indicates that the upgraded system tends to reduce the uncertainty of the sea ice
concentration estimate. The principal improvements, which are visible in Figure 6, can be summarised as
follows:

● for the L3 AMSR2, we observe a large reduction in the standard deviation in the regions which are
close to the ice edge and in the Baltic Sea. These changes are due to the missing ice filtering which,
in the current operational system, was not implemented for the AMSR2 product, but on the contrary,
was  implemented  for  the  SSMIS.  This  discrepancy  in  the  two  products  is  now  removed:  the
upgraded algorithm implements an equivalent logic to process SSMIS and AMSR2 observations and
identical screening tests to filter out the sea ice concentration (PUM and ATBD for additional details).

● In areas around the North Pole, where presumably we have regions of consolidated ice during the
entire year, we observe a consistent reduction in the standard deviation in both the products. In the
Southern hemisphere we see a similar behaviour: a consistent reduction in standard deviation is
located in the Weddell Sea where most likely during the year we have 100% sea ice concentration.
From  these  results,  we  can  state  that  the  upgraded  algorithm  appears  to  do  a  better  job  in
discriminating consolidated ice regions.

SVR for OSI-401-d, OSI-408-a and OSI-410-a OSISAF/DMI/SVR/422

01/11/2022 Version 1.0 12/25



SVR for OSI-401-d, OSI-408-a and OSI-410-a OSISAF/DMI/SVR/422

01/11/2022 Version 1.0 13/25

Figure 3: Maps of the mean bias (NH and SH) which is computed considering the L3 OSI SAF products
(SSMIS and AMSR2) and the USNIC charts over ice regions for 2021. In the maps,  we compare the
validation results of the upgraded NRT algorithm (identified by the string ‘Upgrade’) with those obtained
from the current operational implementation (identified by the string ‘Op’). As a general indication, the
overall mean (the mean of the values displayed in the map) is also shown on top of every panel. 

Figure 4: Same as Figure 3, but excluding the near coast grid points.
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Figure 5: Same as Figure 3, but over water regions.
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Figure  6: Maps of  the normalised change in  the standard deviation of  the bias (NH and SH) which is
computed considering the L3 OSI SAF products (SSMIS and AMSR2) and the USNIC charts for 2021. The
normalised change in the standard deviation is calculated as (STDupgrade - STDop)/STDop and we consider all
the grid points of the product and the ice chart (from SIC = 0% to SIC = 100%). As a general indication, the
overall mean STD (the mean of the values displayed in the map) is also shown on top of every panel. The
white spots in the NH indicate those regions where the sea ice concentration predicted by the algorithm (‘Op’
or ‘Upgrade’ system) is always within the lower and upper boundary of the ice chart. As a consequence of
the verification methodology,  in  these areas,  the bias is  always zero and so it  is  the STD.  Hence,  the
normalised change in STD is a not finite number (missing value in the plot).



4. Level 2 product assessment

The Level  3  product  is  the  result  of  the  merging  and regridding  of  the  L2  products  which  are
generated considering the satellite swath files (AMSR2 or SSMIS) in 1 day. Although the assessment of
the L3 products can be seen as an implicit validation of the L2 products, in this section, we analyse the
different satellite segments searching for the ice and water regions which overlap the ice chart. In this
analysis, the satellite grid points (the L2 product is given at the resolution of the satellite swath) are
simply interpolated onto the ice chart grid by means of the nearest neighbour method. This approach is
adopted to assess the OSI SAF NRT Level 2 products for the first time. The discussion in this section is
centred on the L2 products generated by AMSR2 and SSMIS-F18, but equivalent considerations can be
drawn for the other L2 products (AMSR2-TUD, SSMIS-F16, SSMIS-F17).   

The analysis for the L2 products is done by means of time series plots which shows the statistics
(bias and standard deviation of bias) that are calculated over open water and ice for every L2 swath file.
As a daily average, the statistics are additionally calculated by grouping all the points of the L2 swath
files. Figure 7 and Figure 8, respectively for the Northern and Southern hemisphere, summarise the
results  of  the statistics  which are separately  shown for  the AMSR2 and the SSMIS-F18. The dots
plotted for the same date indicate the statistics which are calculated for every L2 swath file, while the
dashed  lines  represent  the  trend  that  is  the  results  of  the  daily  statistics.  Figure  7  and Figure  8
highlights 2 major results:

● If we analyse the daily standard deviation of the bias (dashed lines) we see that the trend and
the magnitude of the values are in agreement with the statistics that are shown in Figure 1 and
Figure 2 for the Level 3 products. To better explore the differences, as an example, in Figure 9
we display the time series plots which compare the daily standard deviation of the bias for the
AMSR2 Level  3  and  Level  2  products.  Results  encapsulated  in  Figure  9  demonstrate  the
consistency between the Level 2 and Level 3 products and the difference in the magnitude of
the standard deviation can be explained by 2 main causes: a) the Level 3 product includes data
points closer to the coast; b) the different nature of the data points: in the daily average, for the
L3 product,  we consider the points of  the 10 km polar  stereographic grid,  while,  for the L2
product, we take into account the geolocated satellite observations (the points of the satellite
swath).    

● On a daily basis, the statistics computed considering every satellite swath file (dots plotted for
the  same  date),  in  agreement  with  the  previous  Level  3  assessment,  show  a  seasonal
dependency, but they also highlight a certain degree of variability within the same day. This
variability strictly depends on the scenario that is observed by the satellite overpass. In Figure
10 and in Figure 11, we provide 2 different examples, one for the SSMIS-F18 and one for the
AMSR2 which can explain the dependency on the area that is scanned by the satellite. Figure
10 explores the SSMIS-F18 L2 statistics for every overpass in the Northern hemisphere on 13th
May 2021. In this example, as shown by the time series plot, over open water regions the bias
and the standard deviation of the bias have a large increase in the magnitude which is evident
for  the  last  3  satellite  overpasses (20:48,  21:05 and 22:33 UTC).  As  demonstrated  by  the
geographical maps of the corresponding L2 sea ice concentration, the regions observed by the
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satellite are mostly covered by ice and the number of open water points in the ice charts which
are intercepted by the last 3 satellite overpasses are respectively 236, 54 and 13 (panel ‘count’
in the time series plot). Generally, the very low number of ocean points is not the only cause of
a large variability in the statistics, but, as shown in the maps, the additional complexity in these
examples  is  that  the  majority  of  the  observations   are  very  close  to  the  ice  edge  and
consequently   we do not  have enough points to represent  the open water  scenario.  As an
additional reference, we also show the geographical map of the L2 sea ice concentration which
is derived from the previous satellite overpass at 19:23. This represents a more general case
which  is  often  observed  by  the  satellite:  in  this  example,  the  open  water  scenario  is  well
represented and the magnitude of the statistics is very similar to the rest of the points of the
time series. In Figure 11, we provide an additional example, but this time we explore the AMSR2
L2 statistics for every overpass in the Southern hemisphere on 25th February 2021. In this
example, we see that the statistics over ice regions tend to fluctuate from one satellite overpass
to another. This behaviour is again strictly correlated to the scenario observed by the satellite.
This  is  demonstrated by the geographical  maps of  the L2 sea ice concentration which are
displayed for the satellite overpasses between 01:04 and 03:32. As it is shown in the maps and
in the panel ‘count’ of the time series, we have a clear dependency on the part of the satellite
segment which intercepts the ice regions (SIC > 95%) of the ice chart.   

Time series in Figure 10 and Figure 11 provide an additional indication for the user. On the x axis we
display the UTC time (hour:minute)  which corresponds to the initial  time of  the satellite scan.  This
information highlights the temporal resolution which characterises the NRT L2 products in 24 hours. It is
important to say that Figure 10 and Figure 11 only show the satellite swaths which are available in 1
day considering the SSMIS-F18 and AMSR2 overpasses. The temporal  and the associated spatial
coverage are increased considering that  we also have L2 products  generated by the observations
collected  by  the SSMIS-F16 and the  SSMIS-F17 (SSMIS-F16 and SSMIS-F17 bring 30  additional
satellite  swaths).  The  temporal  and  spatial  coverage  of  the  L2  NRT sea  ice  concentration  might
represent a valuable asset for data assimilation purposes.
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Figure  7: Time  series  for  the  Level  2  (AMSR2  and  SSMIS-F18)  products  in  the
Northern Hemisphere (NH). The time series is diversified for those regions where the
sea ice concentration (SIC) is greater than 95% (blue dots/line) and equal to 0% (red
dots/line). The dots plotted for the same date indicate the statistics (bias and standard
deviation  of  bias)  which  are  calculated  for  every  L2  swath  file.  The  dashed lines,
instead, represent the statistics which are calculated by grouping all the points (ice or
ocean) of the L2 swath files.



SVR for OSI-401-d, OSI-408-a and OSI-410-a OSISAF/DMI/SVR/422

01/11/2022 Version 1.0 20/25

Figure 8 Same as Figure 7, but for the Southern hemisphere (SH). 
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Figure 9: Time series plots which compare the daily standard deviation of the bias for the Level 3 and the
Level  2 AMSR2 products.  The statistics  are shown for  the Northern and Southern hemisphere and are
equivalent to those displayed in the previous figures (Figure 1 and Figure 2 for L3 AMSR2; Figure 7 and
Figure 8 for L2 AMSR2). 
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Figure 11: Analysis of the AMSR2 L2 statistics for every satellite overpass  in
the Southern hemisphere on 25th February 2021. As for Figure 10, the time
series plots show the statistics computed over open ocean and ice considering
the number of satellite grid points (displayed as ‘count’ in the time series) which
intercept the ice chart. In the time series plots, the x axis indicates the UTC time
(hour:minute) which corresponds to the initial time (UTC) of the satellite scan.
The geographical maps show the L2 sea ice concentration that is derived from 4
satellite overpasses between 01:04 and 03:32.



5. Conclusions

In this report we assess the sea ice concentration which is derived by the upgraded OSISAF NRT
algorithm. The upgraded algorithm is  characterised by a number  of  technical  changes which were
developed to implement a unique processing chain and a more consistent framework to generate L2
and L3 products from different microwave sensors. Although the main logic of the algorithm was not
modified, changes such as the tie-points selection and the radiative transfer calculations can impact on
the  final  SIC  estimate  (more  detail  in  the  ATBD).  The  upgraded  NRT  chain  represents  a  well
reorganised algorithm which is the foundation for further development and the results described in this
report support the reliability of the sea ice concentration which is derived by the new framework. 

According  to  the  specifications  described  in  the  Product  Requirement  Document,  the  sea  ice
concentration products are evaluated over regions of ice and open water which are identified by means
of weekly sea ice charts from the U.S. National Ice Center. As described in the PRD, the requirements
on the accuracy of the product are as follows: a threshold accuracy of 20%; a target accuracy of 10%
and 15% respectively for the Northern and Southern hemisphere; an optimal accuracy of 5%. 

To  generally  assess  the  Level  3  products  and  to  also  consider  the  seasonality  in  the  two
hemispheres, we split the 1 year dataset (products and ice charts for 2021) considering the following
months: 

• January, February, March, April, November and December; 
• May, June, July, August, September and October. 

In doing so, we individually assess two distinct times:  6 months which are most likely characterised
by a well consolidated and developed ice pack, and on the contrary, the other 6 months where regions
of  mixed  ice  and  water  and  processing  like  ice  drifting  and  melting  are  much  more  complex  to
discriminate for the algorithm. The overall result is that the products show a similar behaviour in the two
hemisphere:  we  have  better  accuracy  over  ice,  standard  deviations  are  less  than  6%  and  4%
respectively in the Southern and Northern hemisphere, during the well established ice pack season,
and a decrease in accuracy, standard deviations are between 9% and 11%, in those 6 months where
processes like melting and freezing generate larger regions of mixed ice and water. Over open water,
we  do  not  observe  a  distinct  change  in  the  accuracy  of  the  products  with  the  seasons,  but  the
magnitude of the standard deviations are between 2% and 4%. These results are in good agreement
with the accuracy requested by the PRD.

In this report,  we also compare the validation results of the upgraded NRT algorithm with those
obtained from the current operational implementation so that we can, in a general and qualitative way,
assess the upgraded algorithm. The assessment is conducted looking at geographical maps so that we
can have an indication of the differences between the products, not only in terms of magnitude, but also
in the location where the changes are happening. The overall difference between the Level 3 products
is evaluated in terms of normalised change in the standard deviation which is computed considering all the
USNIC charts for 2021 and taking into account all the grid points of the product and the ice chart (sea ice

concentration from 0% to 100%). Results indicate that the upgraded system tends to reduce the uncertainty

of the sea ice concentration estimate and this is particularly visible in regions around the North Pole and in
the Weddell Sea in the Southern hemisphere where presumably we have regions of consolidated ice during
the entire year.
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The Level 2 products are also assessed for the first time with a similar approach to that used to evaluate

the L3 products.  We analyse the different satellite segments searching for the ice and water regions
which overlap the ice chart. In this analysis, the satellite grid points (the L2 product is given at the
resolution of the satellite swath) are simply interpolated onto the ice chart grid by means of the nearest
neighbour method. On a daily basis, the statistics (bias and standard deviation) computed considering
every satellite swath file show a seasonal  dependency,  but  they also highlight  a certain degree of
variability  within the same day which strictly  depends on the area observed by the satellite.  If  we
analyse the daily standard deviation of the bias we see that the trend and the magnitude of the values
are in  agreement  with  the same statistics  that  are computed for  the L3 product.  This  consistency
confirms  the  reliability  of  the  L2  products  and,  considering  the  high  temporal  resolution  which
characterises the NRT Level 2 products in 24 hours (more than 70 satellite swaths), the L2 sea ice
concentration might represent a valuable asset for data assimilation purposes.
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