Variable: Sea Ice

Main climate applications

* Sea ice extent and concentration play a major role in ice albedo feedback, energy and moisture fluxes between the ocean and atmosphere, and in the temperature and salinity of high latitude oceans.

* Ice volume is an important component of high latitude heat and fresh water budgets.  Ice volume estimates require estimates of ice thickness in combination with ice concentrations.  

* Snow cover over sea ice is an important climate parameter when modelling the exchanges of heat between ocean – ice and atmosphere and the biological productivity below and in the ice that drives the high latitude marine ecosystems.

* Ice surface temperature can be determined from infrared radiance data for cloudless sky conditions and a record is available from the NASA Polar Pathfinder products [http://nsidc.org/daac/pathfinder/index.html 
* Ice motion can be determined from drifting buoys and mapped from visible, passive and active microwave data. The information is important for modeling sea ice and validating coupled ocean-atmosphere GCMs. 

* Ice concentrations by ice type are determined by the operational sea ice agencies.  These can be used to provide rough estimates of ice volume. 

Contributing baseline GCOS observations

None

Other contributing observations

The primary global observations of ice extent, concentration and type come from satellite passive microwave data as well as visible and infrared imagery.  The global passive microwave radiation (PMR) records extend from 1973 for ice extent and 1978 for ice concentration; there are intercalibration issues between satellites due to use of different frequencies and orbital characteristics. The full range of products is documented at 

http://nsidc.org/data/seaice/data.html
Various groups have developed slightly different algorithms for determining ice concentration from PMR data; a guide to these is available: http://nsidc.org/data/seaice/ An advanced microwave scanning system has been introduced on the latest NOAA satellites with slightly different frequency bands. These new sensors will increase the density and frequency of the coverage but bring new intercalibration issues. 

Since January 2001 the MODIS instruments on Terra and Aqua satellites have provided daily 1-km sea ice products. They are distributed via NSIDC http://nsidc.org/data/seaice/data.html#mod29p1dd 

Satellite (RADARSAT) and airborne SAR and aircraft reconnaissance contribute a great deal to regional charts and analysis of ice concentration and type. Historical records based on aircraft, ship and shoreline observations extend back more than 100 years.  Satellite scatterometers such as QuikScat provide ice concentration information.  

There are a limited number of ice thickness stations in near shore locations on shore fast ice, by drifting Arctic ice camps and by aircraft surveys of the Arctic Pack.  Ice draft measurements have been made in the Arctic Ocean by military and scientific submarine cruises since 1958. Publicly available data span 1978-1997, but the seasonal and spatial coverage is uneven and not all of these data have yet been released; see

http://nsidc.org/data/g01360.html
 Currently, there are a few moored upward looking sonar (ULS) systems collecting time series records of ice draft at selected Arctic and Antarctic locations. The International Antarctic Ice Thickness Programme (AnSITP) of WCRP has released data for the Weddell Sea for 1990-98. Arctic ULS data will be available in 2004. 

http://www.awi-bremerhaven.de/Research/IntCoop/Oce/ansitp.html
A few autonomous ice drifters have measured ice thickness. Instrumentation to measure ice and snow thickness from low flying helicopters has been used in ice dynamics experiments and for local ice breaking operations. Assessments of sea ice thickness and ice mass over multi-annual cycles have been achieved from high resolution SAR data covering the entire Arctic Ocean bi-weekly. Altimeter missions show the potential to estimate the sea ice thickness for basin-wide assessment of the ice mass.

Ice surface temperature data for the polar regions are available from AVHRR global area coverage (GAC) data. These have been used to generate the Polar Pathfinder products at grid spacings of 1.25, 5 and 25 km. AVHRR Polar Pathfinder data extend poleward from 48.4(N and 53.2(S from July 1981 through August 1998.  

http://nsidc.org/data/nsidc-0065.html
* Ice motion data have been derived from drifting buoys under the International Arctic Buoy Programme (IABP), 1979-present, and its Antarctic (IPAB) counterpart (1995-present), see http://nsidc.org/data/g00791.html
http://www.antcrc.utas.edu.au/antcrc/buoys/request.html
Motion fields can also be mapped from AVHRR, passive and active microwave data.
Significant data management issues

In terms of resolution and accuracy, the best sea ice information probably is contained in the regional operational ice charts produced by various national operators.  Most of these charts are currently being archived nationally in electronic form but there is little effort to Q/C and compare between products between different agencies or to document the observational basis of these products. An International Ice Charting Working Group (IICWG) was established in 1999 by the operational agencies and may take on such tasks as well as training of ice analysts and facilitating data flow; see http://nsidc.org/noaa/iicwg
Sea ice data are archived internationally by the WDC for Glaciology in Boulder.  The present holdings include individual datasets from experiments and research programs and gridded data products. The US National Snow and Ice Data Center  (NSIDC) has a more complete set of the global satellite sea ice parameters.  There is a great deal of in situ data and operational products from many individual groups and nations that is missing from these centers because funding for the activities is not available; NSIDC’s main support is from NASA as the Snow and Ice Distributed Active Archive Center (DAAC.)

Analysis products

The only global sea ice products are produced at the National Ice Center (NIC), USA. These and other national operational products are archived at the Global Digital Sea Ice Databank (GDSIDB) of the WMO-IOC JCOMM. The NIC data are for 7-day intervals (1972-1990s) and the Arctic and Antarctic Research Institute (AARI) are for 10-days (1950-1992). Monthly Arctic maps are available for 1901-1997. A data listing and description is provided at: http://nsidc.org/noaa/gdsidb/holdings.html
A daily sea ice extent, concentration and age on a 25 km grid is produced from the DSMP SSM/I sensors.  This product is available from NSIDC in near real time and then as a refined product three to six months later.  Other national agencies produce regional ice analysis at various horizontal resolutions and time scales.  Archives of these products are generally available from these agencies.  The Global Digital Sea Ice Data Bank (GDSIDB) of the WMO-IOC JCOMM is intended to make these regional ice charts available through a common format but progress has been uneven due partly to funding constraints to update and acquire historical records.  

Current capability

Data is currently be collected by several satellite and airborne sensor packages and analyzed by a number of operational agencies.  Principal clients for sea ice information are marine transportation and weather forecasting.  There has been less interest in the needs of the climate community.  Hence little effort has been expended in validating the operational products or over long time scales.

Issues and priorities

There is a need for a method to observe sea ice thickness and snow cover routinely on a global basis.  There is a possibility that an advanced high-resolution satellite altimeter might provide such a method.

There is a need to capture globally the higher resolution information that is contained in the regional ice products derived from SAR systems. Future SAR missions (e.g., RADARSAT-2, ENVISAT, and ADEOS) should continue the monitoring of highly sensitive large-scale regions in the Arctic and Antarctic to guarantee the availability of these high resolution space borne data sets for on-going change detection assessments. The science community does not have direct access to RADARSAT-2, as this is a commercial mission. There is no fixed policy for access to such data for science investigations. Even though the data will be available, the cost will be too high for the volume of data required for systematic observation of the Arctic Ocean and Southern Ocean sea ice cover to be acquired.

