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1: Domains of Arctic Sea Ice 3: Measuring the Thickness of Sea Ice 5: Thickness of First-year Fast Ice 6: Draft of First-year Pack Ice

There are two principal sea-ice types in the Arctic (first-year, multi-year), each of Present capability to map the extent of sea ice is impressive, a product of effective sensors that operate from Earth satellites. Our longest thickness records are in first-year fast ice. Drillings 3-4 Self-contained ice-profiling sonar on sub-sea moorings have been used for year-round observation of Arctic pack ice since the late 1980’s. Instruments

which may exist as either pack ice or fast ice [see map below]. - 5 . . . . . X times monthly were started at Russian coastal stations in the late have been deployed at sites shown on the hemispheric map [below left]. The longest records are from the Canadian Beaufort Sea and Fram Strait.
Capability to map the thickness of sea-ice lags behind because accurate high-resolution space-based measurement is proving 3 ) ) . ) T

. " . . . 1930's and in Canada in the late 1940's [see map below left]. Installations for the IPY are plotted on the map [below right] as red dots, with the number of units indicated where dots merge.

Because the energy balance and dynamics are different in each domain. the very challenging.

|m|:?ach' of changing climate are likely dlfferent'too. A network for monitoring There are presently two established techniques for determining sea-ice thickness: 1) Direct measurement after drilling a hole, Analysis reveaI?. half—cejntury trends th'at are §mall tanq inconsistent '12 years of monthly t{lraalft anz?malnlu-?‘s fo!' first-year pack ice |rT the Fieaufon Sea are dlsplf:-lyed in the bar graph (Melling et al 2095). The'measured trend

variability and change must span all four domains. ) across the Arctic, despite 1-2°C warming during this time [see is very small and statistically indistinguishable from zero. This series (now nearly 18 y) is our longest from the first-year pack ice domain.
2) Calculation from draft measured remotely by sub-sea sonar. ,

Multi-year fast ice has special significance for Canada: the Earth’s largest below, after Brown and Coté 1992 & Polyakov et al. 2003]. Melling, H, DA Riedel and Z Gedalof. 2005. Trends in the draft and extent of seasonal pack ice, Canadian Beaufort Sea. Geophysical Research Letters 32, L24501, doi:10.1029/2005GL024483

o ) X o There are a number of promising contenders — surface-based or airborne electromagnetic induction sounder, satellite-based . o .
accumulation is in the Canadian Archipelago, blocking the North West Passage. Ice thickness has varied inversely with snow depth [see graphs for Sites more than 5 vears

laser altimeter, satellite-based microwave altimeter.
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Among these techniques, only sub-sea sonar and the emerging satellite technologies can provide the continuous year-round

observations generally associated with monitoring [see table below]. Observations at Canadian stations had ceased by the mid 1990's. A

revival in the 2000’s was brief.
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Methods Available for Sea Ice Thickness Monitoring
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Measurements at a fixed point in the ice cover are poorly representative of Upward-looking sonar provides the depth of submergence (viz. draft) of sea ice. Pack-ice thickness is 10-15% larger. 5. The disparate trends in first-year and multi-year ice domains suggest that a shrinking
thickness g“ Chetrethstobovi presence of multi-year ice is the primary cause of this dramatic change. Present locations of ice-mass balance installations for the IPY are
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Sea ice is very rough and a local diversity of ice forms is typical [see topographic 1950's. Tracks of US Navy submarines to the mid 1980’s are shown on the map [below right] from Lyon (1984). & N N
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g :] Stowdepth ) Wide coverage via radar or laser altimeters (imprecise?) on Earth satellites [see left,
) 5 5 5 3 ’ l; 3 5 L I3 B ., g | Combridge Bay from Laxon et al 2003], accurate detailed local time-series (moored sonar), repeated
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