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Glossary
Acronym

Definition

ASAR

Advanced Synthetic Aperture Radar

DMI

Danish Meteorological Institute

DMSP

Defense Meteorological Satellite Program

EASE

Equal-Area Scalable Earth

ECV

Essential Climate Variable

ESA

European Space Agency

GIS
LAEA

Geographic Information System
Lambert Azimuthal Equal Area

NASA

National Aeronautics and Space Administration

NIS

Norwegian Ice Service

NWP

Numerical Weather Prediction

OSI SAF

Ocean and Sea Ice Application Facility

PMW

Passive Microwave

RRS

Remote Sensing Systems

SAR

Synthetic Aperture Radar

SIC

Sea Ice Concentration

SICCI

Sea Ice Climate Change Initiative

SMMR

Scanning Multichannel Microwave Radiometer

SSM/I

Special Sensor Microwave Imager

SSMIS

Special Sensor Microwave Imager Sounder
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1. Introduction
Passive microwave (PMW) satellite sensor derived sea ice concentration (SIC) is one of the
key “Essential Climate Variables” (ECVs) used to assess the changing climate. The 34-year
long record, from late 1978 to present, is long enough to derive some measure of the current
trend in Arctic sea ice coverage. However, it is still too short for a proper assessment of
climate, for which additional historical records of sea ice extent have to be used (for example,
ACSYS, 2003).
There are also a large number of different methods for deriving SIC from PMW. A full study
of these was outside the scope of ACCESS and is being conducted by the Danish
Meteorological Institute (DMI) within the European Space Agency (ESA) Sea Ice Climate
Change Initiative (SICCI) project, http://www.esa-cci.org/. This has tested around 30 different
algorithms on a small portion of the PMW dataset to assess the reliability of different
approaches. The software code of all of these methods is planned to be released under an
open source license to allow public inter-comparison of PMW SIC data. However, initial
results (ESA SICCI, 2013) indicates that one of the more robust algorithms is that of the
European Organisation for the Exploitation of Meteorological Satellites (EUMETSAT) Ocean
and Sea Ice Application Facility (OSI SAF)
This study compares the automatically produced daily PMW SIC from the OSI SAF High
Latitude Processing Centre at the Norwegian Meteorological Institute, with gridded data from
the high resolution operational analysis ice charts of the European Arctic sector,East
Greenland to the Kara Sea, produced by the Norwegian Ice Service. The PMW satellite data
used to generate these products were reprocessed to standardize and remove
inconsistencies between different satellite records from 1978 to present. The ice charts are
produced for maritime operations such as ship navigation, and are generated manually by
experienced ice analysts interpreting all the available satellite data including high resolution
optical, Envisat ASAR, and Radarsat-1/2, and are considered the closest equivalent to
ground truth by the climate modelling community.
This report consists of several sections that describe characteristics of the datasets used, the
geographical extent of the study, previous studies including the ESA SICCI, method used for
the analysis, and preliminary results. Finally conclusions and recommendations for further
analysis are made.
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2. Datasets Used
Two datasets from OSI SAF were used, and ice chart data from the Norwegian Ice Service.

2.1.

OSI SAF

The EUMETSAT OSI SAF High Latitude Processing Centre generates a number of automatic
sea products that can be found online at http://saf.met.no/p/ice/index.html. These include
SIC, edge, type, drift, and emissivity. All of these products are based on low resolution PMW,
and the edge, type and drift products also incorporate scatterometer data from the Advanced
SCATterometer (ASCAT).
2.1.1. OSI-409: Global Sea Ice Concentration reprocessing dataset (1978-2009)
The reprocessed sea ice concentration dataset of the EUMETSAT OSI SAF, covers the
period from 25 October 1978 to 24 October 2009 and utilises data collected by the Scanning
Multichannel Microwave Radiometer (SMMR) sensor on the NASA Nimbus-7 satellite and
Special Sensor Microwave Imager (SSM/I) sensors on the Defense Meteorological Satellite
Program (DMSP) series of satellites (EUMETSAT OSISAF, 2011). The SIC is computed from
atmospherically corrected SSM/I brightness temperatures, using a combination of state-ofthe-art algorithms and dynamic tie-points, and the dataset includes error-bars for each grid
cell (uncertainties). Development work was started in 2006 as a part-time EUMETSAT
visiting scientist activity in collaboration with the UK Met Office with the goal of reprocessing
the SSM/I data record. A collaboration was then also established with NSIDC to include the
SMMR data record in the project.
The SMMR instrument operated from October 1978 to August 1987 (Gloersen et al., 1992).
The instrument was operated only every second day due to power supply limitations. The
SMMR instrument is further described in NSIDC, 2014 and the brightness temperature data
and the initial formatting of the data are described in Meier (2008).
The SSM/I data used in the reprocessing was purchased by EUMETSAT from Remote
Sensing Systems (RSS) and covers the whole period of available satellites with SSMI/I
instruments from 1987 to 2009. The different satellites and covered periods are listed in
Table 1.
Table 1: Different satellites carrying SSM/I and the time period covered.
Satellite

Period Covered

F08

July 1987 to December 1991

F11

December 1991 to May 2000

F13

December 1995 to October 2009

F14

May 1997 to August 2008

F15

December 1999 to October 2009

The SSM/I data were received as antenna temperatures from RSS. These antenna
temperatures were converted to brightness temperatures (Tb's) using RSS software that
incorporates geolocation correction, sensor calibration and quality control procedures, as
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well as inter calibration between the different satellites from overlapping periods. These
procedures are documented in the RSS SSM/I User's Manuals (Wentz, 1991; Wentz, 1993;
Wentz, 2006). The RSS SSM/I data set is constrained with a license for use and distribution,
and the brightness temperatures on swath format used in the OSI SAF reprocessing product
therefore cannot be redistributed.
A set of three different ice concentration algorithms were applied to reprocess the satellite
microwave radiometer data record from 1978 to 2007. The three SIC algorithms are from the
TUD (Technical University of Denmark) using the high resolution and high frequency
channels on the SSM/I from 1991 and onwards (Andersen et al., 2006), the Bootstrap
algorithm in frequency mode (Comiso, 1986; Comiso et al., 1997), and the Bristol algorithm
(Smith, 1996). The latter two are used in combination as a hybrid algorithm, which uses the
near 18 and 37 GHz channels from the SMMR and SSM/I instruments since 1978.
Tie-points are typical signatures of 100% ice and open water which are used in the SIC
algorithms as a reference. The tie-points are derived by selecting TB's from regions of known
open water and 100% ice. Usually these tie-points are static in time and space, but they can
be adjusted to follow the seasonally changing signatures of ice and open water as it is
currently done in the operational OSI SAF ice concentration processing. Static tie-points are
prone to be affected by sensor drift, inter sensor calibration differences and climatic trends in
surface and atmospheric emission. The data must therefore be carefully calibrated before
computing the ice concentrations. In the reprocessing, dynamic tie-points are used to
minimize these unwanted effects, with or without prior calibration. A flowchart showing the
stages of the SIC reprocessing is shown in Figure 1.

Figure 1: Flowchart showing OSI SAF SIC reprocessing steps.

SIC calculated from swath data files is gridded into daily files with a Polar Stereographic
projection. Individual observations from different orbits and satellites are weighted according
to their distance from the centre of a grid cell. There is no weighting for time of observations.
Within the coastal zone a land spill-over correction is applied, as described in Cavalieri et al
(1999). This calculates the monthly average ice concentration for all the months in a selected
year and then finds the minimum ice concentration from these averages. This minimum is
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then used to correct the ice concentration values in the coastal zone if adjacent non-coastal
grid points are ice free. The minimum monthly average ice concentration fields were
calculated using data from 1985 for SMMR and 1992 for SSM/I. Separate fields were
calculated for all algorithms processed.
To mask out erroneous ice outside areas where sea ice is ever likely to occur, monthly
maximum extent climatology has been used. This climatology has been produced by NSIDC
using SMMR and SSM/I monthly averaged ice concentrations and finding the maximum
extent for each month between 1979 and 2007. A zone of 100 km has been added to the
maximum extent NSIDC maps to assure that the masks are surely outside the areas were
sea ice is ever likely to occur. More details about these monthly climatological maximum
fields (or ocean mask as called by NSIDC) are available from NSIDC:
http://nsidc.org/data/smmr_ssmi_ancillary/ocean_masks.html .
Small gaps in each daily SIC data file, for example missing scan lines, missing orbits and the
polar observation hole, are filled by interpolation of the missing data.
2.1.2. OSI-401-a: SSMIS Sea Ice Concentration Maps on 10 km Polar Stereographic
Grid
The most recent part of the OSI SAF SIC dataset covers the period 1 March 2005 to present
and uses data from the Special Sensor Microwave Imager Sounder (SSMIS).
The SSMIS brightness temperatures is initially corrected for weather effects. These include
contamination arising from atmospheric water vapour content and wind roughening of the
open water surface. To mitigate these problems, a correction is computed using the radiative
transfer model by Wentz (1997) extended with a scheme developed by S. Kern for the 85
GHz channels (Kern, 2004), with input from ECMWF and HIRLAM NWP model fields of
surface wind, temperature and atmospheric water content. Given a mixture of weather
contamination and low ice concentrations, such as often experienced in the marginal ice
zone, the widely used threshold based weather filtering methods such as described by
Cavalieri et al. (1995) tend to either remove the ice completely or leave it untouched. The
NWP model based correction method will tend to only remove the weather-induced part and
give more accurate concentration estimates. Note that this method works directly on
brightness temperatures and is therefore well suited for use in both the ice edge and type
products as well as for the ice concentration product.
With the channels featured by the SSMIS in combination with the radiative characteristics of
sea ice, it is possible to account for 3 radiometrically distinct surfaces. This enables
reasonably unambiguous estimates of Arctic multi-year and first-year ice concentrations
during the winter season. In order to achieve this it is necessary to provide typical
emissivities, commonly referred to as tie-points, of the pure type surfaces i.e. first-year ice,
multi-year ice and open water. Errors and inconsistencies in the estimated ice concentrations
may arise when deviations from the tie-point emissivities occur over time due to e.g. melting,
snow cover effects and wind roughening of the ocean surface as well as spatially due to
geographical differences in chemical and physical conditions. Nevertheless, tie-point sets,
supplied with the various sea ice concentration algorithms, are usually hemispheric and
constant in time, although Comiso et al. (1997) has recently defined sets to cover the
summer period for the Bootstrap algorithm. In addition existing tie-point sets are often given
in terms of observed brightness temperatures, which preclude the explicit correction for
surface temperature variations. Finally, it is usual to define the water tie-point based on
minimum observed brightness temperatures, corresponding to a minimum atmospheric
influence. However, due to the average atmospheric contribution, this results in an
undesirable bias over open water and more frequent spurious ice concentrations.
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A new global tie-point set has been developed by Toudal (2006) using principal component
analysis to determine clusters of sea ice and open water, and is used in the OSI SAF SIC
product. It is global, more objective and based on a longer time series than the data set
(Andersen, 1998) used previously. The monthly tie-points allow to account for the mean
annual cycle in sea ice emissivity.

2.2.

Norwegian Ice Service Charts

The Norwegian Ice Service (NIS) has been producing ice charts for the European Arctic seas
between East Greenland and the Kara Sea since April 1970. Initially the charts were handdrawn weekly and based on optical infrared satellite images, and shipboard and aircraft
observations. From July 1997 the ice charts moved to a digital, Geographic Information
System (GIS) software, allowing the production frequency to increase to every weekday
(Monday to Friday). Satellite images were supplied as computer files and now included sea
ice concentrations from SSM/I. From 2007, medium resolution synthetic aperture radar
(SAR) images from, initially Radarsat-1, and from December 2008, Radarsat-2, were used.
The ice charts map 6 ice concentration and type classes based on the World Meteorology
Organization (WMO) system for sea ice symbology which is applicable for NIS and the
National Ice Center, as shown in Table 2:
Table 2: NIS ice chart classes.
Colour (RGB) Ice Class

Average
Concentration %

(150-200-255) Open water 0 – 1/10th

5

(140-255-160) Very open drift ice 1 – 4/10th

25

(255-255-000) Open drift ice 4 – 7/10th

55

(255-125-007) Close drift ice 7 – 9/10th

80

(255-000-000) Very close drift ice 9 – 10/10th

95

(150-150-150) Fast ice 10/10th

100

The main area of focus is Svalbard, so there tends to be more detail in the charts for that
area. Data is stored as ESRI Shapefiles(vector polygons) and can be reprojected and
gridded to any map projection required.

2.3.

U.S. National Ice Center Ice Charts

The National Ice Center (NIC) creates a comprehensive weekly sea ice product every other
week for the whole Arctic and Antarctic. The NIC product includes information on sea ice
concentration, thickness, types, and extent (http://www.natice.noaa.gov/products/). The NIC
bi-weekly products are separated into sections which include information on sea ice types,
and concentration over a 72-hour period (Figure 2). The NIC charts have been a reliable
product for operational navigation within a few days. The NIC products are created by a team
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of analysts that consist of Navy and NOAA personnel skilled at discerning sea ice properties.
The NIC sea ice archives date back to 1972 with records from hand-drawn charts. Currently,
the ice charts are produced with the use of Geographical Information Systems (GIS) and
remote sensing applications. The NIC imagery browser application is a database set up by
the internal Environmental Systems Research Institute (ESRI) GIS personnel that contained
all processed imagery to be used for the daily and bi-weekly ice charts for all regions (Table 3
below).
Table 3: Satellite data used in the NIC daily and bi-weekly chart composites.

Instrument
ALOS
ERS-2
Envisat GMM
MODIS
MODIS
MODIS
AVHRR (LAC)
AVHRR (GAC)
AMSR-E
AMSR-E
DMSP OLS
QuikSCAT
SSM/IS
AMSU
GOES Imager
RADARSAT-1
RADARSAT-2

Spatial
Resolution (km)
0.1
0.03
1.0
0.25
0.5
1.0
1.1
4.0
6.25
12.5
0.55
12.5
25.0
48.0
1.0
0.1
0.1

Total Mission
Duration
Jan. 2006 - *
April 1995 - *
March 2002 - *
May 2002 - *
May 2002 - *
May 2002 - *
June 1979 - *
June 1979 - *
May 2002 - *
May 2002 - *
1972 - *
June 1999 - 2009
June 1987 - 2003
May 1998 - *
Oct. 1975 - *
Nov. 1995 - *
Dec. 2007 - *

Duration used in NIC charts
Jan. 2006 - *
April 1995 - *
May 2005 - *
May 2002 - *
May 2002 - *
May 2002 - *
Nov. 1997 - *
Nov. 1997 - *
May 2002 - *
May 2002 - *
Nov. 1997 - *
2001 - Nov. 2009
Oct. 1997 - Oct. 2003
May 1998 - *
Oct. 1975 - *
Nov. 1997 - *
Dec. 2007 - *

*Currently in use
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Figure 2: Analysis zones used in NIC ice charts for the Arctic (left) and Antarctic (right).

2.4.

Canadian Ice Service Charts

Not done.

Geographic Extent
A standard Lambert Azimuthal Equal Area (LAEA) map projection with a central longitude of
0°E and true scale at 78°N on a WGS84 ellipsoid and datum was used in this analysis. The
proj4 code definition for this is:
+proj=laea +lat_0=78n +lon_0=0e +x_0=0 +y_0=0 +ellps=WGS84 +datum=WGS84
Three areas covered by the NIS ice charts were chosen for generating ice extent and area
statistics. These all contain marginal ice zone (MIZ) sea ice, and are, from east to west:
a) Northern Barents – This area is known to exhibited one of the largest decreases in sea ice
cover in the past 20 years. The upper-left, lower-right (ULLR) coordinates for this area on
the LAEA map projection are 680000.0 960000.0, 1440000.0 0.0.
b) Svalbard – The main area of focus for NIS charts and the area where these should have
been compiled from the highest quality source data. The ULLR coordinates for this area are
0.0 560000.0, 680000.0 -500000.0.
c) East Greenland – Trans-polar drift ice exiting the Arctic through Fram Strait. The ULLR
coordinates for this area are -760000.0 560000.0, 0.0 -500000.0.
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The areas are shown in Figure 3.

Figure 3: The East Greenland, Svalbard, and Northern Barents areas used in this analysis.

3. Previous Validation Studies
A validation analysis of the OSI SAF OSI-409 “Global Sea Ice Concentration reprocessing
dataset (1978-2009)” dataset was carried out in 2011 (Tonboe and Nielsen, 2011). This
compared the PMW SIC products against U.S. NIC ice charts for the period. However, these
charts are weekly compilations of ice conditions form various data sources and are based on
the judgement and experience of the ice analyst, mostly having a SIC accuracy of about
20%. The NIC ice charts are used because they cover the full Arctic and Antarctic.
Tonboe and Nielsen, 2011 reprojected the NIC ice chart information to the same 25 km EASE
grid and map projection used by the OSI SAF products. However, this has the affect of
lowering the resolution of the ice chart and potentially introducing SIC errors depending on
the interpolation scheme used. The number of grid cells deviating by ±10% and ±20% were
calculated, allowing a time series of the number of errors to be established (Figure 4). This
shows a clear seasonal cycle, with 80% to 90% of cases meeting the criteria during winter
and only 20% to 60% during the peak of summer melt.
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Figure 4: Comparison between the NIC ice charts and OSI SAF reanalysis ice concentration. The
blue and the red curve shows the percentage of cases where the two products deviates by 10%
and20%, respectively.

The bias and standard deviation in SIC between the NIC ice charts and the OSI SAF PMW
SIC data was calculated for different concentration levels. These were reported for ice (> 0%
ice concentration), for water (0% ice concentration), and for both ice and water as a total.
The bias in ice concentration between the NIC ice charts and OSI SAF SIC is shown in
Figure 5. The OSI SAF SIC is higher than the ice chart over open water. This is due to the
fact that the radiometer ice concentration is affected by atmospheric noise which increases
the ice concentration above zero. The ice charts have a nominal value of zero over open
water. The SMMR SSM/I transition is faintly visible, perhaps, due to the fact that the SSM/I
19GHz is affected more by water vapour than the 18GHz SMMR. The ice bias has a clear
seasonal cycle and a negative winter bias around 5% to 10%.

Figure 5: Comparison between the NIC ice charts and OSI SAF SIC. The total bias between OSI SAF
the reanalysis product and the ice chart is shown with the blue curve, the negative bias in ice covered
regions with the red curve and the positive bias in water areas with the black curve.
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Figure 6 shows the standard deviation of the difference between the OSI SAF SIC product
and the NIC ice charts. There is a clear seasonal cycle with higher standard deviations
during summer than during winter. The standard deviation over open water seems to
decrease during the reanalysis period.

Figure 6: Comparison between NIC ice charts and the OSI SAF SIC. The figure shows the standard
deviation the difference between the OSI SAF reanalysis product and the ice charts. The blue curve
shows the standard deviation of the difference in ice concentration for both ice and open water
regions. The red and the black curve show standard deviation of the difference for ice and water
regions respectively.

A detailed comparison of a large number (>30) PMW SIC algorithms was being prepared by
the ESA SICCI project at the time of writing (ESA Sea Ice CCI, 2013). The final conclusions
of that report were unavailable for reporting here.

4. Methodology
As the NIS charts are updated every weekday, using current satellite data, these are more
suitable for direct comparison with the OSI SAF PMW products than the weekly NIC ice
charts. For this analysis, the NIS ice charts and the OSI SAF PMW SIC products were
reprojected to a high resolution (1 km) LAEA grid that preserved the detail in the ice charts.
The NIS ice chart archive is stored in a geospatially-aware PostgreSQL+PostGIS database
table. This allows each ice chart polygon to be stored together with additional information
including the date and time of the ice chart, the ice concentration, and ancillary data such as
statistics derived from satellite images.

Date: 22/04/2014
Version: 2

Page 13 of 24

Deliverable report: D1.21 – Assessment of the accuracy of
OSI SAF ice products

Processing software was set
up to grid the ice chart, OSI
SAF, and in addition, University
of Bremen AMSR-E SIC data,
to the LAEA map projection
and extent described in section
3 (Figure 7). For each date in
the archive, ice chart vector
polygons were extracted from
the database and used to
generate a gridded dataset that
was added into a NetCDF file.
A similar process of data
extraction, reprojection to the
LAEA grid, and writing to
NetCDF files was performed for
the OSI SAF PMW SIC and
AMSR-E data. On completion
of the data extractions to
NetCDF, the contents of each
file were checked for days with
bad values, and a linear
interpolation made for days
where there were no ice charts,
OSI SAF, or AMSR-E SIC data.

Date: 22/04/2014
Version: 2

Page 14 of 24

Deliverable report: D1.21 – Assessment of the accuracy of
OSI SAF ice products

The processing then split into 2 main sub-processes:
1)
Generation of diagnostic plots that showed maps of all 3 datasets together, and the
differences between the OSI SAF SIC and AMSR-E SIC with the ice charts. Examples of
these are shown in Figures 8 and 9. This enables rapid quality-control checking for
identifying dates with bad ice chart or OSI SAF data that required removing from the record.
It also provides some indications as to spatial variances in the accuracy of the PMW SIC
products. For example, Figure 8, shows that OSI SAF is performing poorly in the MIZ area,
whilst Figure 9 shows the AMSR-E SIC is over-estimating ice concentrations in summer
periods.
2)
Extraction of daily sea ice extent and area values for time series analysis, used in
section 5. These values were written to a CSV-format file and a PostgreSQL table to allow
further examination of the values for different time periods. Weekly minimum, maximum, and
mean values were also calculated. A number of days with bad data, due to poor satellite
coverage, were identified using the diagnostics plots created in the first stage processing.
Data for these was deleted from the NetCDF files and the data reinterpolated before
diagnostic plots and time series data were generated again.
This processing identified a number of complexities with the use of OSI SAF SIC data.
These would affect the usability of the data for automatic generation of climatology products
and assimilation into climate models. Issues that arose were:
a)
Differences in processing between the reprocessed dataset (Section 2.1.1) and
current dataset (Section 2.1.2), particularly for coastal areas and interpolation of bad data.
b)
In some cases, there is partial data for some days, especially in the early part of the
reprocessed record covered by SMMR (1978-1987). Missing areas have not been
interpolated, but marked with bad data flags. Therefore any processing should also take
account of and use the bad data flags to carry out addition corrections such as interpolation.
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5. Results
Figure 10 shows the difference in sea ice extent for the Svalbard area defined in section 3.
What is distinctly noticeable is the over-estimation in ice extent by the OSI SAF SIC dataset
during winter months in the period culminating in the winter 2001-2. From 2002, the PMW
extent is in good agreement with that from the ice charts.

Figure 10: Sea ice extent
OSI SAF PMW SIC (red).

for

the

Svalbard

area

from

NIS

ice

charts

(blue)

and

Sea ice area for the Svalbard area is shown in Figure 11. The OSI SAF SIC has a better
correlation with that from the ice charts than was seen with extent. However there is a slight
under-estimation of area during the summer months. Differences are again reduced from
2002.

Figure 11: Sea ice area for the Svalbard area from NIS ice charts (blue) and OSI SAF PMW SIC (red).
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In the northern Barents Sea the differences between the two datasets is less noticeable. The
extent (Figure 12) is again over-estimated in the winter months and is visible when the extent
is reduced below the maximum for the area.
Sea ice area is over-estimated during the SMMR era (1978-1987) (Figure 13).
The downward trend in Barents Sea ice cover is captured by both datasets.

Figure 12: Sea ice extent for the northern Barents Sea area from NIS ice charts (blue)
and OSI SAF PMW SIC (red).

Figure 13: Sea ice area for the northern Barents Sea area from NIS ice charts (blue) and OSI SAF
PMW SIC (red).
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There is no trend in the north-east Greenland sea ice extent (Figure 14) and area (Figure 15)
as the ice cover in the area is mainly reliant on ice advected south from the Arctic on the East
Greenlad Current (EGC). The OSI SAF data is observed to over-estimate extent during the
middle part of the record, coinciding with early SSM/I sensors (1987-2002) but with reduced
ice concentrations in summer. This produces a lower sea ice area value in the summer
months.

Figure 14: Sea ice extent for the north-east Greenland area from NIS ice charts (blue) and
OSI SAF PMW SIC (red).

Figure 15: Sea ice area for the north-east Greenland area from NIS ice charts (blue) and
OSI SAF PMW SIC (red).
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Looking at the sea ice extent for the whole map area (Figure 16), there is a similar pattern of
over-estimation by the PMW data during the winter months to that observed in the Svalbard
area.

Figure 16: Sea ice extent for the whole map area with ice charts (blue) compared to OSI SAF PMW
SIC (red).

Sea ice area values for the whole area show an over-estimation in the winter months during
the period up to 1988-9 (Figure 17). This appears to coincide with the period of operation of
the first multi-channel PMW instrument, SMMR. Area areas from PMW SIC correlate well
with the ice charts during the remainder of the period.

Figure 17: Sea ice area for the whole map area with ice charts (blue) compared to OSI SAF PMW SIC
(red).
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6. Conclusions
These preliminary results indicate that there are some significant differences between the
OSI SAF PMW SIC dataset and the ice charts, particularly during the first 24 years of the
data series. Analysis of the different sub-areas shows that this difference is present across
the whole analysis area. Taken as an aggregate measure, the differences are small, but
plotting of the differences as a map show significant variations particularly in the MIZ areas.
These are often due to the daily averaging applied to the SIC PMW data which has a
tendency to result in inaccuracies when the ice edge is moving. Further investigation is
required to see if improvements to PMW SIC products can be made by different compilation
of the available swath data.
Ice chart data, being based on independent expert analysis of several different data sets, is
often used for validation of automatic products. However there can be distinct variations in
the quality of this data over a long time periods. This is due to changes in satellite data
sources, to methodologies, and target users. An alternative to comparison with ice charts is
to compare different automatic SIC datasets, such as that derived from optical satellite
sensors with PMW SIC, and aim to keep the method for calculating SIC consistent
throughout the time period. This can be done with available optical sensors such as AVHRR
that is mostly coincident with the PMW data record.
This is study has shown a number of issues with the PMW SIC data set that makes it
challenging to use in an automated analysis environment. These should be investigated
further, benefiting on developments in projects outside of ACCESS such as the ESA SICCI
that have looked at the differences between PMW SIC algorithms. In particular, the
automatic analysis of optical satellite records for SIC in cloud-free areas, and how this can
provide an additional alternative and consistent measurement, should be investigated.
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