Metadata for ice temperatures, ice core data, ice thickness and surface topography and pond data collected at Barrow by UAF Geophysical Institute Sea Ice Research Group*

Below and in the data files, CS refers to measurements at site in Chukchi Sea landfast ice, EL to data from Elson Lagoon sea ice, BS to data from Beaufort Sea landfast ice, TU to the tundra site and IL to data from Imikpuk Lake. More detailed information on these different locations including GPS coordinates etc. can be found in the comments sections of the files. The files are in MS Excel format, with individual worksheets for different days or sites. 

Ice core data (BRWcoredata_xx_yy.xls):

Sea-ice cores were obtained with a 10-cm diameter corer and ice thickness was measured at the site with a tape measure placed alongside the entire length of core. On-site, ice temperature was measured, typically at 5 to 10 cm intervals, by drilling holes (ca. 5 mm) into the center of the core and inserting a temperature probe (precision 0.05 K, accuracy <0.1 K) while covering the core with a light/thermal shield. The core was then sawed into 5 to 10 cm segments and core segments were transferred into sealed plastic containers to minimize loss of brine. Salinity of samples was determined with a YSI Model 30 Conductivity sonde (measurement error <0.02 or <1 % of the bulk salinity, whichever is larger). Stable isotope (delta-18-O) measurements were carried out at the Stable Isotope Laboratory, Dept. of Physics and Astronomy, University of Calgary, Calgary, Canada (Dr. H. R. Krouse, Dr. S. Taylor). Stable-isotope measurements were performed on a VG 903 mass spectrometer (carbon dioxide equilibration, measured against VSMOW) at a precision of better than 0.4 ppt. The file naming system for ice cores follows the format ‘SSyymmdd’ where SS is the site, yy is year, mm is month and dd is day of month. Naming of ice core photos contains the ‘SSyymmdd’ as well as a suffix indicating depth of the core, e.g. CS990315.15-45 would indicate a core from the Chukchi Sea taken on March 15, 1999 and visible from 15 to 45 cm depth.  Additional features within the core photos are labeled accordingly, i.e. sediment, frazil. 

Ice temperature data (XXtempdata_xx_yy.xls)

The temperature measurements were carried out with thermistors (Omega #44031), wired into a Campbell CR10 data logger (precision better than 0.06 K). An important aspect of the experimental set-up is the mounting of the thermistors. The thermistor arrays (5-10 cm spacing) consisted of a separate wire duct, embedded in a polycarbonate-polyethylene matrix of thermal conductivity somewhat lower than that of ice, with the actual thermistors (embedded in a small glass bead) mounted approximately 5 cm away from the duct on a thin support in direct contact with the ice matrix. Temperatures were calculated from resistivity data based on resistivity-temperature dependence relationships provided by the manufacturer for individual thermistors. Also, thermistors were calibrated in an ice bath at 0.00 ˚C before deployment, with a correction of the resultant temperature offset (typically 0.1 K or less).

Ground-based ice thickness data (BRWthickdata_xx_yy.xls)

Indirect measurements of ice thickness were completed with a Geonics EM31 electromagnetic induction (EM) device. The instrument determines the apparent conductivity of the underlying medium based on measurements of the secondary electromagnetic field induced by a transmitter coil in the ice and the seawater underneath. Owing to low summertime sea ice conductivities (<50 mS/m) and high seawater conductivities (>2500 mS/m) the signal is controlled by eddy currents generated at the ice-seawater interface. The two coplanar transmitter and receiver antenna coils are mounted at a spacing of 3.66 m and operate at 9.8 kHz. The entire instrument has been mounted in a polyethylene kayak hull to allow for towing by hand and snowmobile across the ice surface and melt ponds.

Ice thicknesses have been derived from apparent conductivity measurements through inversion of ice thickness-conductivity relationships determined at Barrow (Mahoney et al., 2007). Note that other approaches such as those based on a large data set collected over Arctic first- and multi-year summer sea ice (Haas et al., 1997; Eicken et al., 2001) are also relevant for inversion of this data. 

The accuracy of the EM31 instrument is specified at better than 1 mS/m. Based on the first derivative of the empirical thickness-conductivity relations, the sensitivity of the method has been derived as 0.015 m for 3 m thick level ice and 0.09 m for 5 m thick level ice. Uncertainties in the distance between the instrument and the ice surface and in coil orientation increase the total measurement error to approximately 0.05 m for 2 m thick ice when compared against profile drill-hole ice thickness measurements (at a point spacing and profile length that captures the relevant ice roughness features; Haas et al., 1997). Taking into account errors associated with drill-hole measurements and averaging over repeat profile measurements results in an error estimated at approximately 0.05 m (ice thickness 2 m). As derivation of ice thicknesses in ridged ice sections with keel depths larger than approximately 7.5 m or level ice thicknesses >6 m requires 2-D modelling and further data analysis, measurements in ridges require further analysis and ice thickness data for such ridged ice are hence not shown.

Data for 2004 and 2005: Data are saved in comma-separated variable ASCII files. Each file has a header that gives the date of the transect and then 8 columns of data:

Northing - UTM zone 4, WGS-84

Easting - UTM zone 4, WGS-84

Elevation - from GPS; tied to local sea level from drill hole measurements

Distance along transect - interpolated between GPS measurements where necessary

Snow depth - when there was snow on the transect

Drill-hole thickness - from drill holes

Freeboard - from drill holes

Apparent conductivity – from EM measurements

EM-derived ice thickness - empirically modelled from conductivity measurements based on Mahoney et al. (2007)

Comments - notes made in the field
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Ice surface topography and pond data (BRWtopodata_xx_yy.xls)

The surface topography (elevation of ice or snow surface above sealevel or a reference water level, depth of melt ponds) has been determined along the main albedo lines (200 m length) at all four main sites at regular time intervals during the ablation season in 2001. Marker poles were installed along the profiles and the profile itself was left undisturbed during the entire time period (no drilling of holes, no foot or vehicle traffic except for measurements). The maximum co-location error between measurement points along the profile at different time intervals is estimated at <0.5 m along-profile and <1 m across-profile. 

Pond depth measurements were carried out with a meter stick (error <5 mm). Surface elevation of the ice or pond surface was determined with a laser levelling device (maximum error <5 mm). Surface elevation has been measured relative to either a benchmark (early in the season and at the tundra and lake sites, see comments) or relative to seawater level in core holes or cracks in communication with the free water column. After complete removal of the snow cover, the depth of the deteriorated upper ice layer was determined and is given in the data files as well.

Mass balance measurements (mbxx_yy.xls)

The temporal evolution of the mass balance was monitored at several sites. The instrumentation at these sites typically consisted of a Campbell scientific datalogger, thermistor string, snow stakes, thickness gauges, an air temperature sensor, and an above-ice acoustic sounder measuring the position of the surface every hour to within 5 mm. The thickness gauges consisted of an ablation stake measuring mass loss at the surface and a hot-wire gauge measuring bottom accretion or ablation. Data was manually collected every 1-2 weeks during winter and every 2-4 days during the melt season.

We used a combination of ablation stakes and hot-wire thickness gauges to measure ice growth and decay at the different sites. Four stake and gauge combinations were installed at each site. The ablation stakes were a 2.4-m-long wooden stake, painted white with metric tape. The stakes were typically installed with 1.2 m frozen in the ice and the other 1.2 m in the air. A hot-wire thickness gauge was installed adjacent to the ablation stake. This gauge consisted of stainless steel wire with a steel rod attached on the bottom end for ballast and a wooden handle on the top end. The stainless steel wire was hooked to a generator that was also connected to a copper wire grounded in the ocean. The current would melt the wire free and the handle was pulled upward until the steel rod hit the bottom of the ice. The handle position was read off the ablation stake, giving the position of the ice bottom. Accuracies of stake and gauge readings were about 0.5 cm. 

Further information and contacts

Principal contact for the data sets is

Hajo Eicken

Geophysical Institute

University of Alaska Fairbanks

P.O. Box 757320

Fairbanks, AK 99775-7320

USA

phone: (1)907-474-7280

fax: (1)907-474-7290

e-mail: hajo.eicken@gi.alaska.edu

homepage: www.gi.alaska.edu/snowice/sea-lake-ice/eicken.html
Further information on data collection, results etc. can be found in the following publications and web site:

www.arcticice.org

Cole, D. M., H. Eicken, K. Frey, L. H. Shapiro (2004) Observations of banding in first-year Arctic sea ice. J. Geophys. Res. 2004; 109(C08012):doi:10.1029/2003JC001993.

Eicken, H., T. C. Grenfell, D. K. Perovich, J. A. Richter-Menge, K. Frey (2004) Hydraulic controls of summer Arctic pack ice albedo. J. Geophys. Res., 109(C08007):doi:10.1029/2003JC001989

Frey K., H. Eicken, D.K Perovich, T.C. Grenfell, B. Light, L.H. Shapiro, A.P. Stierle (2001) Heat budget and decay of clean and sediment-laden sea ice off the northern coast of Alaska, Port and ocean engineering in the Arctic conference (POAC'1) proceedings, 3, Ottawa, Canada, 1405-1412.

Perovich, D.K., T.C. Grenfell, H. Eicken, J. A. Richter-Menge, M. Sturm, K. Ligett, K. Frey, G.A. Maykut, B. Elder, A. Mahoney, J. Holmgren, K. Claffey, T. George, Arctic Coastal Processes Data Report 2001 CD-ROM, October, 2001.
* Support for this work has come from a number of different sources, including National Science Foundation projects OPP-9910888 and OPP-0632398, Alaska Ocean Observing System, and University of Alaska Fairbanks.
Any opinions, findings, and conclusions or recommendations expressed in this material are those of the author(s) and do not necessarily reflect the views of the National Science Foundation or other funding agencies.
