Use of landfast sea ice as a platform for subsistence whalmg ina changmg environment
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; -;W;;_Introductlon .
 The sprlng whale harvest throughout Arctic Alaska is a pnme example of the use of sea lce as a platform for human activities.
Whallng trails are cleared through the highly deformed landfast ice (tuvaq) to allow whaling crews to position: ﬂ'\emselves along
the open leads of the flaw zone (umlq) in wait for the migratory passage of bowhead whales—an important cultural and :
subsistence resource for many Inupiat Eskimo communities. In Barrow, wildlife biologists with the North Slope Borough have.‘l’.,_,.
geog aphically referenced whaling trails for most years from 2001-2006; however, a lhorough collection of this data alongside
detailed information about ice conditions has yet to be initiated. Such analysis holds promise for an increased understanding of |
how hunters use the ice in relation to the physical sea-ice properties and processes that we have the ability to monitor with
remote sensing techniques, namely satellite imagery and coastal marine radar. Ultimately, these relationships may assist in the
development of tools that help predict ice hazards during the periods when hunters are present on the ice. Furthermore, an
understanding of how environmental conditions influence the decisions made by whalers may provide a basis for assessing how
future sea-ice scenarios will affect Barrow’s spring whaling season. As ice trends in the Chukchi and Beaufort Seas continue, we
may expect decreasing summer minimum pack-ice, which may in turn have a large impact on the stability of the landfast ice since
it depends on the presence of multi-year (MY) ice as a stabilizing component during grounding (Norton and Gaylord, 2004).
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e S s 5. Case Studies for Preliminary Analysis: 2001 and 2006 Whaling Trails
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’ 'Zsolar illumination and cloud cover. The followmg three
SAR sensors provide coverage over the Arctic:

1. RADARSAT (3 day repeat cycle, 100 m resolution),
2. ERS-1 (24 day repeat cycle, 30 m resolutlon), and &
3. ERS-2 (35__,,,,2c7l,a3r“i'epeat cycle, 30 m resolution) 2
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2. Hunters’ Use of Changing Ice O RS T

= Barrow’s whaling season may extend from mid-April to early salt-free multiyear sea ice Pigaluyak tide cracks Qugag
June- pressure ridge Ivuniq
» Whaling camps are placed along open leads at the edge of
the landfast ice, in locations where the probability of a whale
surfacing is hlgh and yet where lhe |ce can offer a certaln 2 R
level of safety. ol i =
- = Whalers assess Ihe Iandfast ice three-dmensnnally wﬂh a
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FY = first year ice .. . Kilometers
MY = multi-year ice

ilometers

Mote that the 2006 image (sbove) is & alager scdethan the 2001 image (at [eft).

knowledge of the year’s preceding ice events that may have [ - 2 AN e e ; In 2001, favorable whaling conditions (open leads, steady NE winds, and movement of floes to the SW) existed between early April
' confributed to the integrity of the landfast ice (Huntlngb_o et [EZR o TR e and mid May . By 18 May, Barrow whalers had landed 20 whales. On 21 May, after whaling ceased, bad whaling conditions developed y
g "oal,, 20015.Nor ton et al M/NOYUOH and GayTord 200 y 2 T srounded prssure ride after ice movement reversed and shifted toward the Beaufort Sea (Norton and Gaylord, 2004). / |
AR .1'. " young ice liguaq vumng A "‘

open lead Unig . e 2%
S— n . large amounts o ice mixed in e landfast ice and provided a very stable landfast ice zone. However, west winds and
d that (Huntington, 2000 . In 2006, | ts of MY i ixed into the landfast i d ided table landfast i H t winds and o
W ot v "3 ’ extensive heavy ice jammed in e Chukehi Sea seeme prevent the leads from maturing as they usually do. These conditions ™%
™ = e tensive heavy MY ice janimed into the Chukchi Sea seemed to prevent the leads from maturing as they usually do. These condit
Csl?ak::f ga ws he L'ng a th | t I et B Dy i * - 5 : were poor for spring whaling, and therefore Barrow landed only 3 whales. 2006 was the lowest spring whale harvest (5 whales total)
Sol;earls ﬁ:m_:v;: flgggilsg ::l?o b: i & G for Alaska‘s ten whaling villages since at least 1974.

blown south in fall, reaching the shore

/The Marine Mammal Workshop in 2000

Some Important Questions to Answer:
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- near Barrow and passing through the -~ Optimal Enviro .
o $er c:ng ;‘Ia't :Io o LawrenceNIslandB by B A __’,, 1. How did the favorable conditions in 2001 contribute to trail construction, as Trail Tortuosity (x):
RSt L S RNORSEE ROl & Environmental Criteria Optimal spring whallng cond|t|0ns i al® opposed to 20067 ) -
December, after sea ice has already —T ‘ T = (total trail length)/(trail vector length)
" Wird direction & speed | East-wind (perhaps most important), < 40 kmib oo o S 2. YWhich Trall nodes are controlied Dy Ice conditio
formed locally, “ and " ¥ 4 For example, in 2006 Tayvg = 1.20.
= “In spring, the ice goes out sooner, and Current Northeast curent (in the Chukechi sea) racto e
whaling crews have had to adjust their Landfast ice stability Grounded MY : ot 3 ,ier e are retreat camps local:ed nifelxton i previots kandrast lce edges?
usual patterns to prepare earlier " 3 . . 4, Hol,_ ¢ is the presence of MY ice in the landfast ice zone related to trail tortuosity (see equation above)? Hunters often note that it is
farthe::-)out and b';rrgad,, to reu;,?o to l,‘.ead W'd,th 2 km, it (WICeT iR a o Wiead cive lergth) easier to break trail through MY ice, as it shatters easily. How are trail location, tortuosity, and topology (nodes/branches) related to
shore sooner, In Barrow, the sea ice now Ve el Pporoxm.'late e ' various other ice conditions (e.g., un-deformed FY ice), construction effort and expenses, and evacuation efficiency?
goes out before July 4, and sometimes - Temperature F@;%V urgm;:aortanlf:,| iexcept fo{] when: Iggd&s)freeze in lowy s ; _ s
has left in June.” = R =
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6 Expandlng the Study

This preliminary work holds promise for a multi-year comprehensive documentation of trail
data, such as ftrail location, density, tortuosity, and construction effort, in relation to sea-ice
conditions (e.g., landfast ice stability, topography, and sea-ice concentration) and weather
_ o (e.g., seasonally dominant wind speeds and direction as well as ocean currents), thus

providing insight into the factors that play arole in trail construction and hunting site

- selection. Data correlations may assist in assigning a relative importance factor to various

types of local sea-ice knowledge that are employed during the spring whale harvest. Since
various factors play a role in trail construction, interviews with sea-ice and whaling experts
of the Barrow community will be important.
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3. Coastal Sea-Ice Radar in Barrow - available at www.gi.alaska.edu/BRWICE/

A 10 kW X-band (3 cm wavelength) coastal radar, which is located on a four-story
building in Barrow , monitors landfast ice. A component of the Barrow Sea Ice
Observatory, the radar provides data in near-real-time via the internet to the Barrow
Community and serves as a resource for assessing local sea-ice conditions. The four
images below represent a time series of radar images revealing a break-out event in the
landfast ice off Barrow over the coarse of 23 hours during mid-March 2004 (Mahoney,
2006). Breakout events are a significant hazard to whaling crews and have been
responsible for the marooning of large numbers of hunters throughout history. The
yellow objects, referred to as targets, represent sea-ice features when north of the RO T TR AT
coastline. Note that the absence of targets does not necessarily represent the absence of | - The whale harvest prowdes not only basic nutrition and |
sea ice but rather the lack of sea-ice features capable of providing a reflection. e sustenance but also serves as an activity that unites
families and the community , and promotes efficient
resource management and ethical and spiritual values.

Key criteria and points assessed by hunters are also relevant in the broader context and are
currently poorly monitored or understood; these include:

- 1. ice stability on the scale of the landfast ice extent (length of time during which ice does

| not move or deform),

2. ice stability on the scale of the ice thickness (degree to which ice flexes or fails when a
load is mposed), and

3. ftrafficability of ice for access and potential evacuation

The four radar images (below) depicting a break-out event may be interpreted as follows:

1. Targets indicate stationary landfast ice e S Subsistence hunting contributes greatly to the local i | This future study may provide information on the temporal and spatial scale of sea-ice

2. The targets indicated by the green circle begin to "flicker”. economy — an economy intricately connected to Alaska’s " observations and predictions needed to inform the whole of a whaling community . Insight

3. A break-out event begins as the previously *flickering” targets break off from the stabewit_:le economic and polltlca.l force_s. e may be gained into how large-scale changes in sea ice impact subsistence hunting and other ' i

landfast ice. The consumption of wildlife resources in Arctic Alaska human activities on a regional or local scale. An Up-thrusted ice floe at a grounded ridge in the
Ay e e Lt ;I'hej ;ece_ntly detat_:heddlandfdast ic;\ dr ﬂ; Iout of the radar’s recorded range. A new averages about 650 poundsﬁe;json/year. '(l:'lhe average US In the event that this study is additionally expanded to a whaling village in the Bering Strait lanafast ice off Barrow (Phioto by Craig George)
and webcam of the Barrow Sea Ice andfast ice edge is indicated by the red line. pgg:spm;%ng;r:t?:'eo':‘o 'l::lsa‘ ??:::_nrago;mgfz ggt Region (e.g., Wales), one may:
Observatory (Photo by Patrick Cotter), istinguishi en wild and far ised, i : : " :
e o * Mahoney et al. (in press) have indicated that the “flickering” of landfast ice is a promising pgundslgerson fyear. (Callaway et al., 19!98) 1. compare and contrast the different ice conditions deemed suitable by hunters,

2. assess the differences in monitoring needs, and

research area to pursue in working toward a landfast ice break-out warning system.
3. discuss the effects caused by changes in sea ice and weather throughout different whaling communities in Alaska.
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Note region of flickering targets before break-out
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