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Summary
This chapter provides a brief overview of current approaches and anticipated advances

in obtaining a range of field measurements for sea ice in (sub)polar regions. The
multiple uses of the ice cover and its important role in social-environmental systems at
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high northern and southern latitudes require a broad range of approaches and
measurements to be considered. Building on a recently published monograph with
detailed information about the state of the art, the present contributions provides concise
summaries and updates for the following topical areas: Field research study and
sampling design, snow on sea ice, ice thickness and morphology, ice coring and
measurement of key physical properties, ice optics and surface energy budget, transport
properties, sea ice biota and biogeochemical properties, autonomous sensors, UASs and
UAVs, and ship-based observations. For each of these topics, relevant background
information is provided before discussing key methodological approaches and
techniques in more detail. Most of the topical sections then include an example to
illustrate how the approaches are applied in specific cases. Each section then concludes
with a outlook on future developments and research needs. Common to all types of field
measurements is the conclusion that due to a substantial increase in human activities in
ice-covered maritime regions and the impacts of rapid environmental changeé a great
need for accurate, consistent and intercomparable sea-ice datasets has arisen.
Methodological advances and scientific progress over the’past few decades nowputs the
research and operations community in a position to develop best practiees with respect
to field measurements that can lead to standardized, interoperable approaches, greatly
minimizing risks associated with lack of suitable, consistent datasets.

1. Introduction

Polar and subpolar sea ice plays am important role ‘in fegulating Earth’s climate, in
particular as a key factor in the global surface radiation budget and its impact on global
thermohaline circulation. Moreovery sea ice_iSy@n Iimportant habitat for a range of
organisms, from microscopic algae to ice-associated mammals such as seals, walrus and
polar bear. Finally, the past decade‘has brought increasing recognition of the importance
of sea ice as a social-environmental’system, 1.e., interconnected geophysical features
and processes that suppoert or threaten’a wide variety of human activities and provide
services to people and ecosystems. In the Arctic, a major transformation of the ice pack
has been underway for thepast three decades. Not only has the total sea-ice volume
been reduced by more thamafactor of three, but at the same time perennial ice which
occupied much=of the Arctic Ocean well into the 1990s, has been reduced by more than
half. With,large parts‘afithe Arctic shelf seas ice-free for much of the summer as a result
of these changes,tmaritime shipping and offshore resource development have been on
the rise.

These developments have spurred an increasing interest in and need for sea-ice research
both in the Arctic and Antarctic. Field-based observations and measurement campaigns,
in particular, serve to improve our understanding of important sea-ice processes, help
keep track of the changing polar ice covers and complement remote sensing and
modeling studies. This contribution provides a brief survey and overview of the sea-ice
field measurement techniques relevant in this broader context. Given the broad scope of
research relevant to the study of sea ice as a social-environmental system, a summary
such as this can only scratch the surface. The team of contributors for this chapter has
been guided by a few key considerations in selecting material for this chapter. First, the
intent was to provide an overview of the breadth of techniques and approaches relevant
to different disciplines so as to provide a framework and key references for further
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reading to obtain more in-depth information on the details of some of the techniques.
Second, we have focused on fundamental sampling or measurement approaches that are
relevant for a broad range of studies, such as measurements of ice thickness or the
extraction of ice-core samples. Third, we build on a comprehensive compilation and
overview of sea-ice field techniques published in 2009 (Field Techniques for Sea-Ice
Research, University of Alaska Press) and see the present contribution as an update of
that latter publication.
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Figure 1. TerraSAR-X satellite scene (courtesy of DLR, Germany) for Barrow region on
1 May 2013. Also shown are thickness profiles, obtained with an EM-31 (see Section 4)
along ice trails put in place by Ifiupiat hunters from Barrow (data and map compiled by
D. O. Dammann, University of Alaska Fairbanks). This map was compiled to serve
information needs by the community of Barrow, including hunters, Barrow Search and
Rescue and others. To ensure utility of the map, distances and thicknesses are provided
in imperial units.
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A further important consideration in compiling the material for this chapter is the
recognition of an increasing need for development of best practices and standardized,
interoperable approaches for sea-ice field techniques that allow for an interpretation of a
given data set in different contexts or for the integration of different types of
measurements into a common framework. For example, ship-based observations of ice
conditions in both Polar Regions may be of value in validating or possibly constraining
sea-ice predictions and model simulations. They can serve a similar purpose in the
development and validation of sea-ice remote sensing algorithms. However, such
multiple uses of data require standardized, interoperable approaches in the collection of
such data, as well as clear guidance from the different data user communities as to the
relative merits of different types of observations. The present contribution highlights a
few key areas where progress along these lines is both needed and tractable. As an
illustration of such multiple use applications, consider Figure 1 which provides
information on the distribution and shape of community ice trails across the Shorefast
ice, as well as the thickness profile of the underlying ice. This information is*placed in
the context of a synthetic aperture radar (SAR) satellite”scene to provide information
about the larger-scale ice conditions at high resolution:*While the porimary purpose of
the map is to provide information to the local community;“including local search and
rescue services, the underlying data are also collected to better understand long-term
variations in shorefast ice mass budget and roughness.

Each of the main sections of this chapter follows a similar.layout that provides a brief
summary of relevant background, reviews the key approaches and techniques, discusses
an example application to illustrate specific applications and then examines potential
future developments and research™needs.

2. Field Research Studys@and Sampling Design

Common to all approaches described.4n subsequent sections in this chapter is the need
to carefully consider the;sampling orstudy design prior to commencing work in the
field. While this is/a broad tepie that.cannot be covered in detail, we illustrate a few key
concepts below fersa case study related to sampling shorefast sea ice. In brief, study
design can help-address important challenges and questions that are relevant for a broad
range of sea-ice field works These include, (1) the need to ensure that the sampled ice is
representative of ¢he process or property of interest in the study, which may target a
specific ice type, aspects of the ice growth, melt and deformation history or focus on
environmental factors constraining ice formation and evolution, such as the local
hydrography, mieroclimate etc.; (2) the question of the extent to which a field site or
particular period of study is representative of large-scale or long-term conditions; (3) the
magnitude of spatial and temporal variability in ice properties and its impact on
sampling or measurement errors.

Remote sensing, from space-based, airborne or ground-based sensors plays an important
role in the compilation of data that can guide study design. Thus, remote sensing is the
method of choice to scale up or down from a specific set of measurements, providing,
for example, a regional context for local, point-based measurements. The aggregate
nature of a sea-ice cover, typically comprising ice of different age, roughness and snow
cover, requires such an approach to quantify key variables, such as the heat flux through
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the ice, and to evaluate the relative contribution of different ice types and processes to a
regionally averaged assessment of, e.g., heat exchange. Remote sensing can also
provide important information on the ice evolution from initial freeze-up to the final
stages of decay. Some of this information is not easily obtained from surface-based
measurements and can complement the latter. Finally, remote sensing is of key
importance in the design of spatially explict sampling strategies, as well as from the
perspective of field safety and logistics.

Another important source of information relevant to study design is the application of
model simulations. For example, ice-growth modeling can provide important insight
into the origins of spatial and temporal variations in ice properties while at the same
time help constrain the age of ice horizons at different depths within an ice core.
Finally, study design and site selection can benefit substantially from guidance by local
and/or indigenous knowledge-holders. Often referred to as Traditional #Ecological
Knowledge or Traditional Environmental Knowledge (TEK) or Local and“indigenous
Knowledge (LIK), such bodies of knowledge may provide a wealth of information on
spatial and temporal variability of relevant ice properties or proeesses, inter-annual
variability and trends, or on the potential occurrence_of, anomalies. Moreover, from a
field safety perspective, inclusion of local or indigenous experts i the study design
process and field work itself is of substantial benefit.

Let us consider a specific case study tosillustrate some of these approaches and provide
more detail on relevant methods. An interdisciplinary-"sea-ice sampling program is
targeting shorefast ice near Barrow, Alaska‘to obtain,information about key ice physical
properties as well as the amount, of microalgal¢biomass and plant nutrients present
within the ice cover. Indigenaus knowledge for the region and satellite remote sensing
data, in particular SAR g(with“a=high resolution of better than 10 m as well as the
prerequisite temporal and regional .coverage independent of cloud cover) shown in
Figure 1, obtained for that particularwyear indicated that ice in relatively close proximity
to the field laboratory (NARL)«was breadly representative of shorefast ice in the wider
region. Such high<resolution“imagery can be placed in a broader temporal and spatial
context by passive” microwave satellite data, in particular the Special Scanner
Microwave/lmager (SSM/I), cellected at a much coarser resolution of around 25 km,
but on a daily,basis over-periods of decades. Visible and thermal-infrared range satellite
images, such as frem the Moderate Resolution Imaging Spectrometer (MODIS) can
provide “information at intermediate scales but are weather and/or illumination
dependent.

A sampling plan to obtain ice cores through the entire thickness of the ice (see Section
5) now has to identify specific locations. For most studies, the most appropriate
sampling approach may be termed a segmented stratified random sampling scheme,
which is illustrated in Figure. 2. Thus, by evaluating the distribution of different surface
roughness, ice deformation and snow distribution patterns in the visible-range satellite
scene and aerial photograph shown in Figure 2, different ice types and growth histories
can be identified. A shore-based coastal marine radar and SAR imagery collected prior
to the sampling campaign provided further information on the key ice type categories.
Such an informal classification helped segment the ice cover into the key ice types to be
sampled. Within these subregions, stratified random samples were now to be taken.
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Here, stratification refers to a subdivision of the entire area of interest into subplots.
Within each of these, a random location is identified for sampling, as illustrated at
bottom right in Figure 2. Here, quadratic subunits, parallel to the coastline and
prevailing currents and ice deformation features, are chosen for convenience, but a
segmented scene may well consist of irregular units that are further subdivided. The
four coring locations shown in the figure would then yield intercomparable samples for
the same ice type. The spatial variability in key ice properties that can be expected for
such a set of samples is further discussed in Section 5.

Eow eso false color visible-range satellite image obtained from a

Iobe scene for 16 March 2013, covering part of the Naval Arctic
(NARL) complex at Barrow, AK along with a stretch of shorefast
ice and adja open ocean (top; North is up). The red rectangle delineates the extent of
the aerial photograph shown in the lower left. This area of interest roughly corresponds
to the trail shown in Figure 1 to the left of the NARL site northeast of the town of
Barrow. The black quadrangles are approximately 80 m to a side and delineate the
sampling regions shown in the photos below. Aerial photograph (bottom left; courtesy
of S. Hendricks, Alfred Wegener Institute) for 3 April 2013 of subset of scene shown at
top, showing ice of different growth and deformation history (A: new ice formed
between 16 March and 3 April; B: rough, rubbled ice close to former shorefast ice edge
in top figure; C: level, undeformed shorefast ice of intermediate age; D: rough ice with
roughly shore-parallel pressure ridges; E: level, undeformed shorefast ice formed during
early stages of freeze-up). Detail of quadrangle C, along with randomly chosen
sampling sites in four sub-areas shown at bottom right.

Research L
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3. Snow on Sea lce
3.1. Background

Almost all sea ice in the Arctic and Antarctic is covered with snow. Even new ice
rapidly acquires a snow cover due to precipitation or accumulation of blowing snow.
Through its contrasting thermal, optical, and dielectric properties, the snow cover
dominates the surface properties of ice-covered oceans, and hence it is of outstanding
importance for the underlying sea ice. It strongly influences the energy and mass
balance and determines most interactions between sea ice and the atmosphere. In the
Arctic, snow on sea ice typically persists from September to June, and melts completely
during summer, leaving behind a characteristic mixture of melt ponds and bare ice. In
contrast, snow on Antarctic sea ice — which is typically much deeper and with lower
water content in summer than Arctic snow — mostly survives summer meltyat least as
long as the sea ice underneath survives the melt season.

Temperature, grain size, and wetness (liquid water_contént) of spowson sea ice are
initially prescribed by the boundary conditions of @ir_and*iCe surface temperatures. In
addition, wind speed at the time of snowfall and thereafter astwell“assthe sequence of
accumulation events control the layering andywdensity structure, of the snow cover.
Afterwards, changes in atmospheric conditionsyand additional accumulation dominate
the evolution of recent snow layers. Withitime, snow_grais and layering change as a
result of metamorphism, mostly driven by temperature;“temperature gradients, liquid
water content, and mechanical forces due te overburden and density distributions. It has
to be noted that most metamorphisms are irreversible,“impacting the stratigraphy (layer
sequence and properties) of the snow coverr The accumulation history and
metamorphism cause strong vertieal and horizontal variations in the physical properties
of snow. It is of great importance tosexplicitly consider snow properties and processes
when studying sea ice on.different scalés and with different methods. In that respect, the
four most important aspects abaut snowyon sea ice are

(1) its thermal“properties, impacting séa ice mass balance and temperatures by acting as
a strong insulator betweensce and atmosphere;

(2) its abulity=to strongly, scatter light, reflecting most of solar irradiance back to the
atmosphere with“only\ little energy transmitted into the sea ice and the ocean
underngath. This,aspect also has strong implications for high latitude ecosystems, as
well'as biological and biogeochemical processes;

(3) its role in thefreshwater budget, through transport, accumulation, and melt;

(4) its dielectricsproperties and mass distribution, strongly affecting remote sensing
(airborne and satellite) applications.

3.2. Key Approaches and Techniques

A most comprehensive review of the current knowledge about snow on sea ice is
provided in key references compiled at the end of this chapter. In addition, a chapter by
Sturm in the previously published field techniques monograph gives detailed
descriptions of methods to obtain snow properties and related observations. Direct
measurement of most snow properties can be difficult and/or time-consuming. In
general, snow observations are made by
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(1) digging snow pits to reveal the stratigraphy and information about layer properties.
In addition, snow samples may be taken that way;

(2) performing in-situ measurements along transects to cover spatial variability and
obtain distribution functions of physical properties;

(3) remote sensing operations from air planes or satellites (passive and active
microwave methods) to map large-scale properties or imagery.

In addition the timing of measurements is — in contrast with many other sea ice
properties — most critical, since many properties underlay strong diurnal variations.
Snow depth, density, and stratigraphy are the more easily, and hence most often
observed properties. The optical properties of snow and sea ice are discussed in Section
6.

Snow depth is often also the only snow property that is available #rom field
measurements, because it may be obtained either along transects or through remote
observations. Snow depth measurements are as easy as“using a ruler'to,measure the
distance from the sea-ice surface to the top of the snew cover. More’advanced are
measurements using a Magna Probe, which automatically <ecoerds “snow depth
measurements together with GPS data. Autonomous snow depth measuréments, e.g., for
high-resolution time series, may be performed, through sonic range finders or from
thermistor measurements. This technique/is frequently @pplied on buoys, such as ice
mass-balance buoys (Section 9).

The stratigraphy of a snow pack describes the sequence of snow layers, within which its
physical properties are (assumedyto”be) constant. Measuring physical properties of
individual snow layers is most time consuming andis performed in snow pits.

Stratigraphy observations.mostly consist of:

e Temperature measurements in verticab profiles with needle probes. Alternatively,
snow temperatures may be ebtainedvfrom thermistor chains, but these measurements
may easily‘bydmpacted by abserption of solar radiation.

e Density ISy typically,measured by volumetric measurements, when samples of
defined,volumes are extracted and weighed. Alternatively, capacitive measurements
are possible, makingwuse of the density dependence of dielectric properties. Using
capacitive measurements, the liquid water (wetness) content of snow may be derived
as well.

e Grain size.and shape of snow crystals is usually determined with a lens on a mm-
grid. Grainsshape is classified based on reference tables, which mostly represent its
genesis and status of metamorphism, and have been developed as part of an
international classification of snow on the ground. In an experimental state are
satellite based grain size retrieval algorithms, which exploit the spectral scattering
reflection characteristics of the snow layer.

e Snow hardness is classified based on an empirical scale.

e For salinity measurements a sample (often the density sample) is melted and then
electrical conductivity is measured and transferred into salinity.

©Encyclopedia of Life Support Systems (EOLSS)



COLD REGIONS SCIENCE AND MARINE TECHNOLOGY - Vol. Il - Field Techniques In Sea-Ice Research - Hajo Eicken,
Bodil A. Bluhm, R. Eric Collins, Rolf R. Gradinger, Christian Haas, Malcolm Ingham, Andy Mahoney, Marcel Nicolaus and Don
Perovich

TO ACCESS ALL THE 37 PAGES OF THIS CHAPTER,
Visit: http://www.eolss.net/Eolss-sampleAllChapter.aspx

Bibliography

Bluhm B.A., Gradinger R.A., Schnack-Schiel S.B. (2010). Sea ice meio- and macrofauna. In: Sea Ice —
An Introduction to its Physics, Chemistry, Biology and Geology (Eds., D.N. Thomas & G.S. Bieckmann),
pp. 357—393, Wiley-Blackwell, Oxford. [Section 8; overview of sea ice biota and role of seavice as a
habitat]

Cassano J.J., Maslanik J.A., Zappa C.J., Gordon A.L., Cullather R.I., Knuth S.L. (2020)¢Observations of
Antarctic Polynya With Unmanned Aircraft Systems, Eos, Transactions' American, Geephysical Union
91(28), 245-246. [Section 9; summary of late-winter UAS campaigniover seaice,and open water in Terra
Nova Bay, Antarctica]

Colbeck S.C., Akitaya E., Armstrong R., Grubler H.,l=afeuille J& Lied/K3McClung D., Morris E. (1990).
The international Classification for seasonal snow gn the Ground. International Commission on Snow and
Ice (IAHS), World Data Center A for Glaciology, University of Colorade, Boulder, CO, USA. [Section 3;
introduces standard nomenclature for different snow types]

Collins R.E., Rocap G., Deming J.W. (2010). Persistence of Bacterial and Archaeal communities in sea
ice through an Arctic winter. Environmental Microbiology 7:1828-1841. [Section 8; one of the first
studies examine genetic composition of Bacterial and Archeal communities over the course of an entire
winter in the Canadian Arctic]

Cox G.F.N., Weeks W.F. (1983). Equations for determining the gas and brine volumes in sea-ice samples.
Journal of Glaciology 29, 306-316«[Refefenced in_Tables 1 and 2; semi-empirical equations to calculate
key ice properties derivedsffom thermodynamig phase relations]

Cox G.F.N., Weeks W(F. (1986). €hanges insthe salinity and porosity of sea-ice samples during shipping
and storage. Journal of Glaciology 32, 371-375. [Referenced in Tables 1 and 2; semi-empirical equations
to calculategvolume,fractions ofidifferent phases in sea ice]

Crocker E:pMaslanik J.A;"Ralo\S.»Fowler C., Herzfeld U.C., Emery W.J. (2012). A sensor package for
ice surface characterizationwusing small unmanned aircraft systems, IEEE Transactions on Geoscience
and RemeotesSensing 50(4)»1033-1047.[Section 9; combines LIDAR, GPS and inertial navigation system
to acquire ice surface topography data]

Deming J.W. (2010). Sea ice bacteria and viruses. In: Sea Ice — An Introduction to its Physics, Chemistry,
Biology and Geolegy (Eds., D.N. Thomas & G.S. Dieckmann), pp. 247-282. Wiley-Blackwell, Oxford.
[Section 8; overview of distribution and characteristics of bacteria, archaea and viruses in sea ice]

Druckenmiller M.L., Eicken H., Pringle D.J., Williams C.C., Johnson M.A. (2009).Towards an integrated
coastal sea-ice observatory: System components and a case study at Barrow, Alaska. Cold Regions
Science and Technology 56, 61-72. [Sections 2, 9; description of the design and implementation of a
coastal sea-ice observatory, including discussion of a case study]

Eicken H., Gradinger R., Salganek M., Shirasawa K., Perovich D., Lepparanta M. (2009). Field
techniques for sea ice research. University of Alaska Press, 566pp. [monograph with detailed
descriptions of approaches and multimedia DVD providing documentary footage and additional
resources]

©Encyclopedia of Life Support Systems (EOLSS)


https://www.eolss.net/ebooklib/sc_cart.aspx?File=E6-178-59

COLD REGIONS SCIENCE AND MARINE TECHNOLOGY - Vol. Il - Field Techniques In Sea-Ice Research - Hajo Eicken,
Bodil A. Bluhm, R. Eric Collins, Rolf R. Gradinger, Christian Haas, Malcolm Ingham, Andy Mahoney, Marcel Nicolaus and Don
Perovich

Eicken H. (2010). Indigenous knowledge and sea ice science: What can we learn from indigenous ice
users? In: Krupnik 1., Aporta C., Gearheard S., Laidler G.J., Kielsen Holm L. (Eds.), SIKU: Knowing our
ice — Documenting Inuit sea ice knowledge and use. Springer-Verlag, New York, pp. 357-376. [Section 2;
perspectives on how to incorporate indigenous and local knowledge into field work design]

Freitag J., Eicken H. (2003). Melt water circulation and permeability of Arctic summer sea ice derived
from hydrological field experiments. Journal of Glaciology 49, 349-358. [Section 7; describes an
approach on how to measure hydraulic conductivity or permeability of sea ice in the field]

Gradinger R., Bluhm B., Iken K. (2010). Arctic sea-ice ridges-Safe heavens for sea-ice fauna during
periods of extreme ice melt? Deep-Sea Research Part | 57:86-95. [Section 8; discusses remotely-operated
vehicle imagery and potential of ridges to sustain fauna deep into the melt season]

Haas C., Hendricks S., Eicken H., Herber A. (2010). Synoptic airborne thickness surveys reveal state of
Arctic sea ice cover, Geophysical Research Letters, 37, L09501, doi:10.1029/2010GL042652. [Section 4;
description of electromagnetic sounding application; includes further references on method]

Haining, R., 2003. Spatial data analysis - Theory and practice. Cambridge University Press, Cambridge.
[Section 2; good general overview of sampling plan design and spatial variability]

Kwok R., Rothrock D.A. (2009). Decline in Arctic sea ice thickness from submarine and ICESatrecords:
1958 — 2008, Geophysical Research Letters 36, L15501, doii10.1029/2009GL039035:[Section 4;
description of results from ULS and satellite laser
altimetry; includes further references on methods]

LaChapelle E.R. (1969). Field Guide to Snow Crystals, University.0f Washington Rress, reprinted by the
International Glaciological Society 1992. [Section 3]

Laxon S.W., Giles K.A., Ridout A.L., WinghamD.J., Willatt R., Cullen R., Kwok R., Schweiger A.,
Zhang J., Haas C., Hendricks S., Krishfield/R., Kurtz,N., Farrel S.,"Davidson M. (2013). CryoSat-2
estimates of Arctic sea ice thickness .and volume. “Geophysical Research Letters 40,
doi:10.1002/grl.50193. [Section 4; description-of satellite radar altimetry and validation efforts; includes
further references on methods]

Leppéranta M., Manninen T. (1988). The brine and gas content of sea ice with attention to low salinities
and high temperatures. Finnish”Institute.of Marine Research Internal Report 88-2, Helsinki. [Referenced
in Table 1 and 2; extends work of Cax & Wegks cited above for volume fractions of ice, brine and gas to
temperature range above=2¢C]

Light B., Grenfell T«C., Perovich D.K. (2008)» Fransmission and absorption of solar radiation by Arctic
sea ice during” the “melt _season, Journal of Geophysical Research 113, C03023,
doi:10.1029/2006JC003977. [Section/6; campares measurements of solar shortwave fluxes and derived
optical propertieswithiclimateimodel parameterizations]

Millero F3., Feistel R., Wright'D.G,, McDougall T.J. (2008). The composition of Standard Seawater and
the definition,of'the Reference=Composition Salinity Scale. Deep-Sea Research | 55, 50-72. [Section 5;
introduces a.new standard,for seawater property derivations based on thermodynamic modeling]

Morison, J.A.,fAagaard K., Falkner K.K., Hatakeyama K., Moritz R., Overland J.E., Perovich D.K.,
Shimada K., Steele M., Takizawa T., Woodgate R. (2002) North Pole Environmental Observatory
Delivers Early Restilts. EOS, Transactions of the American Geophysical Union, 83(357), 360-361.
[Section 9; describes the North Pole Environmental Observatory]

Nicolaus M., Haas C., Willmes S. (2009). Evolution of first-year and second-year snow properties on sea
ice in the Weddell Sea during spring-summer transition, Journal of Geophysical Research, 114, D17109,
10.1029/2008JD011227. [Section 3; measurements of snow property evolution and onset of melt during
5-week Antarctic drift stations]

Notz D., Wettlaufer J. S., and Worster M. G. (2005). A non-destructive method for measuring the salinity
and solid fraction of growing sea ice in situ. Journal of Glaciology 51, 159-166. [Section 5; alternative,
highly accurate approach to deriving in situ brine volume fraction]

Perovich D.K., Grenfell T.C., Light B., Hobbs P.V. (2002). Seasonal evolution of the albedo of multiyear
Arctic sea ice, Journal of Geophysical Research 107(C10), 8044, doi:10.1029/2000JC000438. [Section 6;
summarizes findings of SHEBA field experiment examining albedo evolution over one full annual cycle]

©Encyclopedia of Life Support Systems (EOLSS)



COLD REGIONS SCIENCE AND MARINE TECHNOLOGY - Vol. Il - Field Techniques In Sea-Ice Research - Hajo Eicken,
Bodil A. Bluhm, R. Eric Collins, Rolf R. Gradinger, Christian Haas, Malcolm Ingham, Andy Mahoney, Marcel Nicolaus and Don
Perovich

Richter-Menge J.A., Perovich D.K., Elder B.C., Claffey K., Rigor I., Ortmeyer M. (2006). Ice mass
balance buoys: A tool for measuring and attributing changes in the thickness of the Arctic sea ice cover,
Annals of Glaciology 44, 205-210. [Section 9; description of ice thickness measurements with thermistor
strings]

Sturm M. (2009). Field Techniques for snow observations on sea ice. In: Field techniques for sea ice
research, H. Eicken, R. R. Gradinger, M. Salganek, K. Shirasawa, D. K. Perovich and M. Leppéranta
(Eds.), pp. 25-47, University of Alaska Press, Fairbanks. [Section 3; provides further details on how to
measure snow properties and stratigraphy in the field]

Sturm M., Massom R.A. (2009). Snow and sea ice. In: Sea ice, D. N. Thomas, G. S. Dieckmann (Eds.),
pp. 153-204, Wiley-Blackwell, Chichester. [Section 3; provides a broad review of deposition, transport
and properties of snow on sea ice]

Thorndike A.S., Rothrock D.A., Maykut G.A., Colony R. (1975). The thickness distribution of sea ice,
Journal of Geophysical Research 80(33), 4501-4513. [Section 4; description of the nature and evolution
of the ice thickness distribution]

Thomas D., Fogg G., Convery P., Fritsen C., Gili J., Gradinger R. (2008). The Biology of Rolar.Regions,
Oxford University Press, Oxford. [Section 8; new edition of a classic polar biology textbhook]

Wadhams P., Doble, M.J. (2008). Digital terrain mapping of the undesside of the Sea icesfrom a small
AUV. Geophysical Research Letters 35(1), L01501, doi:10:1029/2007GL031921.,[Sections 4, 9;
summary of techniques and data from an icecamp-based deployment of a, AUV under sea ice in the
Beaufort Sea]

Weissling, B., Ackley, S., Wagner, P., Xie, H., 2009. EISCAM -sDigitalsimage acquisition and processing
for sea ice parameters from ships. Cold Regions Scienceyand Technology 57, 49-60. [Section 10;
describes a ship-board system for acquisition ‘of digital imageswin support of standardized ice
observations]

Worby A.P., Geiger C.A., Paget M.J., Van Waert.M.L., Ackley S.F., DeLiberty T.L. (2008). Thickness
distribution of Antarctic sea ice. Journal of Geophysical Research 113, (C05S92,
doi:10.1029/2007JVv004254. [Sections 4, 10; comprehensive,analysis of ship-based sea-ice observations
obtained by the Antarctic ASPeCt Program]

Biographical Sketches

Bodil Bluhm is*a=Research Associate Professor in Biological Oceanography and Marine Biology at the
Universitytof ‘Alaska Fairbanks. Her research focuses on the structure and function of Arctic marine
seafloer and 'sea ice ecosystems. She is particularly interested in who lives on Arctic shelves, slopes and
in the basins in terms of*species and communities, how they sustain growth, production and trophic
connections in a’Seasonally food-limited system, and how these communities may be changing over time
in relation to environmental forcing.

Eric Collins, Assistant Professor of Oceanography at the University of Alaska Fairbanks, has expertise
utilizing environmental genomics techniques (e.g. metagenomics, transcriptomics) and computational
modeling to study microbial evolution of polar marine microbes. With international arctic field
experience over 10 years in both winter and summer conditions, he co-instructed "Field Techniques in
Interdisciplinary Sea Ice Research” in Barrow, Alaska, and recently crossed Greenland on skis as part of
the Greenland Ice Microbiome Project.

Hajo Eicken is Professor of Geophysics at the University of Alaska, Fairbanks. His research interests
include field studies of the growth and properties of sea ice. He is particularly interested in determining
how small-scale ice properties relate to large-scale sea-ice processes and the climate system. Through
collaborative research in coastal Alaska, he has been working towards implementation of an integrated
sea-ice observatory that provides an interface between geophysical and indigenous or local knowledge of
ice conditions and coastal hazards.

©Encyclopedia of Life Support Systems (EOLSS)



COLD REGIONS SCIENCE AND MARINE TECHNOLOGY - Vol. Il - Field Techniques In Sea-Ice Research - Hajo Eicken,
Bodil A. Bluhm, R. Eric Collins, Rolf R. Gradinger, Christian Haas, Malcolm Ingham, Andy Mahoney, Marcel Nicolaus and Don
Perovich

Rolf Gradinger is Professor in Biological Oceanography at the University of Alaska Fairbanks. His main
research interest focuses on the structuring role of sea ice for biological processes in Arctic waters. He
conducted research on sea ice primary production and occurrence of sea ice meio- and macrofauna in a
wide range of Arctic seas. He was also involved in the Arctic Ocean Diversity project as part of the
Census of Marine Life.

Christian Haas received his PhD from the University of Bremen, Germany. He is a Professor and
Canada Research Chair in Arctic Sea Ice Geophysics at York University, Toronto, Canada. His research
focuses on in-situ, airborne, and satellite observations of the sea ice mass balance in the Arctic and
Antarctic, with applications to climate research and offshore operations. Before moving to York
University in 2012, he was an Alberta Ingenuity Scholar with the University of Alberta in Edmonton,
Canada, since 2007.

Malcolm Ingham is a physicist at Victoria University of Wellington, New Zealand. His research
concentrates on the application of electrical and electromagnetic geophysical techniques to environmental
issues such as the microstructure of sea ice and the hydraulic properties of aquifers, and to the
understanding of geothermal and volcanic regions.

Andy Mahoney is a Research Assistant Professor of Geophysics at the University of AlaskasFaitbanks.
His broad field of expertise is sea ice geophysics and his research interests encompass climate.change,
coastal dynamics, ice-ocean interaction and the relationship between humans and sealice./He;has spent 14
years studying sea ice in the Arctic and Antarctic using instruments from tape measures to space-based
radar, but some of his most memorable lessons come from dogsled.tripsover the.iceswith local experts.

Marcel Nicolaus is a research scientist at the Alfred-Wegner-Institat Helmholtz-Zentrum fur Polar- und
Meeresforschung in Bremerhaven, Germany. As a geophysicist he works,on physical properties of sea ice
and snow, mostly based on field observations in’the “Arctic and¢Antarctic. He currently focuses on
analyses of the energy and mass balance of sea'ice with their variability and trends during different
seasons.

Don Perovich is a Research Geophysicist at the Cold Regions Research and Engineering Laboratory in
Hanover NH. His research focuses on.the partitioning of'solar radiation by a sea ice cover and the impact
on sea ice mass balance.

©Encyclopedia of Life Support Systems (EOLSS)



