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GOALS AND OBJECTIVES

The Intergovernmental Panel on Climate Change (IPCC) Third Assessment Report notes that the extent of sea ice in the Northern Hemisphere is decreasing. Sea-ice thickness may also have decreased significantly in the Arctic, leading to speculation that the Arctic Ocean may become seasonally free of sea ice within the present century. Such a scenario has enormous climatic, economic and social implications. In contrast, the IPCC notes that no significant trends in Antarctic sea ice are apparent, and there may even have been a slight increase in sea-ice extent since the mid-1970s.

The overall goal of the workshop was to place recent changes in sea-ice extent in the context of long-term variability. The workshop sought to bring together modelling and observational scientists. Topics addressed included modelling (sea-ice, regional climate and coupled global climate models), data analyses (climate reconstruction, diagnostics, and the physics of ice-cover variation) and data management (data set identification, error analysis and meta-data presentation).

The specific objectives of the workshop were to:

· identify diagnostic opportunities provided by sea-ice data sets in the context of climate variations over interannual to century timescales;

· examine the limitations of these sea-ice data sets and seek strategies for minimizing these limitations in diagnostic applications and in future monitoring; and

· highlight potential uses of available sea-ice data in applications ranging from sea-ice forecasting to the simulation of climate by global coupled models.

Issues of particular interest are the synthesis of data sets from different sources, and the assimilation of sea-ice data into re-analyses and other reconstructions of historical- and paleo-climate variations. Also of interest were the definition and the physics of the ice edge and how processes at the ice edge interact with broader climatic processes.

The geographical coverage included all areas affected by sea ice, including not only the Arctic and Southern Oceans, but also all marginal seas of the Northern Hemisphere, which may act as early indicators of climate change.

EXECUTIVE SUMMARY OF SCIENTIFIC / TECHNICAL RESULTS

Historical Ice-edge Observations

Observations in the Northern Hemisphere indicate that there has been a general retreat of the ice edge position of about 3% per decade over the last 30 to 40 years, covering the period during which satellite observations have been available. However, no trend is apparent over longer time-scales. Hence there is no indication from the historical record of ice extent that the Arctic will be ice free in the foreseeable future. What is apparent is that there is low frequency variability in the position of the ice edge, and that it may therefore be coincidental that the satellite era corresponds to a long period of general ice retreat. The observation that there may have been a slight increase in Antarctic sea-ice extent since the mid-1970s is therefore unlikely to have long-term significance. There are fewer direct observations on which to base conclusions about Antarctic ice extent, and there are certainly problems with the use of whale catches to gauge changes in ice extent. The long-term history of Antarctic sea-ice extent is therefore less well known than that of the Northern Hemisphere.

While the work of extracting historical data is not simple, historical data sets provide a relatively quick and cheap method of gaining knowledge of past variations in climate. Historical sea-ice records are a good example of this, and indeed they provide the quickest mechanism for gaining decadal length records of sea-ice extent, and the only reasonable mechanism for obtaining records over a period of centuries. The workshop concluded that it was important for funding agencies to support studies to make available and to interpret historical sea-ice records, as well as supporting what are often regarded as more glamorous measurements with modern techniques.

The workshop identified the need for all historical data sets of sea-ice extent to be made available in one location, and where possible, in one electronic format. A format suitable for use in support of modelling was desired, but with model requirements being so varied, it is likely to be more efficient to have adequate software for format conversion available.

In addition to gathering all the completed data sets in one location, there is a need to identify all data sets that might be made available in the future. Approximately 20 were identified at the workshop, and there are likely to be others. These data sets need to be evaluated and priorities set for digitising and making them available in the future.

An additional concern identified at the workshop is the lack of consistency between the concurrent depictions of sea ice by different sources, e.g., historical charts and passive microwave satellite imagery. The inconsistencies pertain to ice extent as well as ice concentration. While there may be plausible explanations for the inconsistencies, data users and dataset synthesizers will need to be aware of, and will need to determine how best to handle, alternative depictions of sea ice coverage for a particular area and time. Adequate meta-data are obviously a requirement to allow judgments to be made.
Physics of the sea-ice edge

The immediate problem when considering the physics of the sea-ice edge is defining what the sea-ice edge actually is. The definition depends both on the measurement technique or techniques involved, and the use to which the information is being put. The WMO definition involves the existence of any ice, but alternatives depend on the use of the information. Historically, for sailing ships that could not reverse out of heavy ice, the practical definition meant a concentration of about 30%, which would allow navigation and escape. Hence, historical charts will often be using this definition. Other concentrations have been used, with 15% often being used in satellite interpretation. Thickness or volume per unit area are other possibilities that relate to navigation and also to the transfer of energy and mass between different ocean layers and the atmosphere. For some studies, especially those relating to climate, albedo may be most important, so the ability of ice to support snow may be of concern. Other thermodynamic possibilities exist for defining the ice edge, such as the ocean temperature being at the freezing point throughout the mixed layer.

The problems with ice edge definition are compounded by seasonal and geographical variations. For example, Figure 1 shows that in most regions in Antarctica the ice edge is well defined during the growth season as the ice edge is advected northwards by wind and ice grows behind this moving front. During the melt season, processes are more complex, and depend on sea and air temperature as well as wind and currents. Under such circumstances ships will report ice further north than can be detected by satellite. Within the Arctic there are also regional differences: sea-ice growth in the Laptev Sea is generally thermodynamic, while in the Barents Sea it is likely to be advective.

Because of the wide variety of uses and observation techniques, there seems to be no ideal solution to this problem. It is essential that any data depicting the position of the ‘ice edge’ are accompanied by sufficient meta-data for users to be able to establish what is meant and how that compares with data from other sources.

The interactions of sea ice with other parts of the climate system are complex and are important at a wide range of spatial and temporal scales. However, the importance of many processes has not yet been fully evaluated. Such evaluations will require specific modelling efforts, as discussed below.
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Figure 1.
Location of the ice edge observed from ship data versus SSM/I data for the Antarctic pack ice during (a) the ice growth season (April-October) and (b) the ice decay season (November-January). The agreement during the growth season is extremely good (r2 = 0.997) when the ice edge zone is typically high concentration and the ice surface is cold. The agreement is poor during the decay season (r2 = 0.724) when the ice edge zone is usually composed of bands and the ice is often flooded. This seasonal dependence on the agreement between satellite data and field measurements is an important factor when comparing historical records of ice extent with contemporary satellite data.
The interactions between different sea-ice characteristics mean that the physics of each characteristic cannot be understood in isolation. A weakness in the understanding or observation of one feature weakens our knowledge of other sea-ice characteristics. A specific weakness that was identified for the Southern Ocean was our observation and understanding of sea-ice motion. Observations of ice drift in the Southern Ocean need to be brought up to the standard of Arctic observations.

One of the principal ways in which sea ice interacts with the rest of the global climate system is through changing the surface albedo. When sea ice supports snow thicker than about 5 to 10 cm the surface has the highest albedo of all natural surfaces of approximately 0.85. Water has the lowest albedo of approximately 0.07. Hence, loss of sea ice will decrease albedo leading to increased absorption of solar radiation, warming and further loss of sea ice: a positive feedback. At the ice edge the processes changing the albedo are reasonably simple, but in the interior of the ice pack they are much more complex. In the Arctic, solar radiation is the main driver of melting, and leads to formation of melt ponds on the ice surface. (Melting in the Antarctic is mainly driven by the ocean.) The extent of these ponds and their albedo is highly variable. Five main phases have been identified as snow warms and then melts, and ponds form then develop, then ultimately freeze again. There is a need for models to examine the influence of these different phases, to understand their importance to the observed decrease of Arctic sea-ice extent.

Sea-ice extent modelling

Model requirements

Modelling of sea ice is carried out at a range of spatial and temporal resolutions, depending on the processes being studied and the understanding being required. One common point is that individual sea-ice characteristics cannot be treated separately. Extent, thickness, concentration, motion, and other characteristics are all interlinked. The minimum two measurements required simultaneously for model validation are sea-ice area and sea-ice thickness. From these a more quantitative evaluation of sea-ice volume, export and variability would be possible than at present.

In general, ‘ice only’ or uncoupled models perform well, and can provide realistic simulations of ice conditions. The biggest weakness in these models is not usually the physics of the ice, but the ocean and atmosphere parameters used. These models have a need of good validation data, as well as improved parameterisations of the ocean and atmosphere. More than ice extent data, these models require a mean annual cycle (monthly or even seasonal means) of sea ice thickness and ice thickness distribution for validation.
Coupled GCMs perform much less well at present and are in need of development. At present, errors in extent can be as high as several hundreds of kilometres, particularly in the unbounded Antarctic regions where land does not constrain ice motion as it does in the Arctic (Figure 2). Similarly, errors in thickness within the models are also high in many regions. Given these limitations, caution must be exercised when drawing conclusions from the climate change projections carried out with these models over polar regions. At present, because of the large errors in these models, there is no critical need for detailed sea-ice validation data sets (although again the annual cycle of sea-ice thickness and thickness distribution would be helpful). The models need first to depict the general picture more reasonably, before detailed data are required to determine their accuracy. Where data are required for GCM validation this is in the form of coarse, gridded data sets.
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Figure 2.
Winter and summer sea-ice extent and concentration in the northern and southern hemispheres from a coupled GCM compared with the passive microwave satellite-derived ice edge, which is at a concentration of approximately 15% (thick line). Figure from the Community Climate System Model (CCSM) project coordinated by the National Center for Atmospheric Research (USA).
Particular requirements for models that were identified included the need to collect all ice thickness measurements and present them in a format that can be used by modellers. Similarly, there was a desire to bring ice charts into a format that can be optimally combined and used by modellers. The workshop also recommended the development of a data set of ‘intermittency’ of the ice edge, for example, a monthly mean value of ice concentration, with a percent occurrence in a given cell.

Atmosphere-ice-ocean interactions in models

As noted above, the biggest weakness in sea-ice models may be the atmospheric and oceanic forcing applied. Hence, there is a need to validate models against data for all three components to evaluate the behaviour of a single component in the model and to identify model weak points. Current weak points in models that were identified included long-wave, cloud cover parameterisation, boundary layer parameterisations (ice/atmosphere, ice/ocean and atmosphere/ocean boundaries), and precipitation.

There is a need to develop and improve models that study processes that are presently observed, but are not included in detail in GCMs, either because their physics is poorly understood and parameterised, or because they occur at sub-grid scales. For the atmosphere, such processes include polar boundary layer processes, polar lows, and katabatic winds. For the ocean examples are thermobaric effects, deep convection chimneys and mixed layer dynamics. For sea ice itself, pancake ice formation, tidal forcing of ice dynamics, and coastal polynya formation (especially in Antarctica) are examples. The aim would be to parameterise these processes for inclusion at the larger scale, or exclude them if air-ice-ocean coupling is found to be insensitive to their details.

There is also an ongoing need to evaluate global and regional models (both climate and component models) to determine which problems are due to poorly understood physics and which are due to the numerics (model resolution, domain extent, boundary conditions etc.) of the models. Where the physics is the problem this will obviously point to studies of particular processes that will be needed to improve their parameterisation in models. Where the problem is due to the numerics, the solution may lie in improved computing power, but such evaluations may also highlight specific problems that could be solved by changes to, rather than increases in, model resolution.

Finally, it was noted that regional polar climate models might provide a viable alternative to global GCMs for the study of climate and climate change. Regional models have higher resolution, a focus on polar processes, are computationally more realistic to use, and provide a much more realistic output. However, any such studies must be carried out with care, as the models will always be affected by the external forcings that have to be applied.

Communication between observational and modelling sea-ice communities

It was noted in discussions that communication between observational and modelling communities is difficult (even terminology may be different) and can be time-consuming. A lot could be gained by increased contact between the two communities. A number of specific suggestions were made to improve this situation. These include specifically arranging meetings to involve both communities and working to improve awareness of such meetings, improving the level of information available when data sets are distributed, gridding data were possible, and arranging joint studies on regional scale processes. In addition, another area of research that should be highlighted is the assimilation of sea-ice data in sea-ice models. As well as bringing together observational and modelling communities, such research would also serve to increase the connections between the research and operational sea-ice communities.
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PROCEEDINGS

Proceedings will include a standard report for WCRP Workshops, with all submitted abstracts as an appendix. This report will be available towards the end of 2002, and will be available electronically from the ACSYS (http://acsys.npolar.no) and CliC (http://clic.npolar.no) websites. In addition, a special issue of Polar Research is planned. This is the Norwegian Polar Institute’s refereed journal, and the issue will be published in June 2003. Approximately 20 conference participants have offered papers, but final numbers depend on submissions and a rigorous refereeing process.

Copies of proceedings will be available through the International ACSYS/CliC Project Office: 
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