Chapter 11

Ice Island Drift Mechanisms in the Canadian
High Arctic
Wesley Van Wychen and Luke Copland

Abstract Ice islands are large tabular icebergs produced from the calving of Arctic
ice shelves. The loss of ~8000 km2 of ice shelves from the northern coast of
Ellesmere Island over the past century has resulted in the production of numerous
ice islands, with the first detected in the 1940s. Once calved, these ice islands take
one of three routes: (1) they drift west and remain in the Arctic Ocean, where they
can circulate for up to several decades; (2) they drift west and enter the interior
islands of the Canadian Arctic Archipelago, where they disintegrate relatively rapidly; (3) in rare cases they drift east after calving and enter Nares Strait and then
drift south along the east coast of Canada, reaching as far south as Labrador.
Historically, the drift paths and disintegration patterns of ice islands were of military interest as they provided mobile platforms for the measurement of oceanographic and atmospheric properties, and they could potentially act as staging posts
for Soviet or US access to the opposite side of the Arctic Ocean. Today, interest in
ice islands primarily arises from the risks that can pose to shipping and offshore oil
exploration, and their indication of the effects of climate change.
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11.1

Introduction

One of the dominant ways in which ice shelves lose mass is through a process
termed calving, whereby the margins of an ice shelf detach and become freely floating pieces of ice. These calved pieces typically have a flat surface and are termed
tabular icebergs when they originate from Antarctic ice shelves. These icebergs can
reach very large sizes, with the largest on record, B-15, measuring 295 × 37 km and
encompassing an area of ~11,000 km2 when it broke away from the Ross Ice Shelf
in March 2000 (Lazzara et al. 2008). In the Arctic these tabular icebergs are termed
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ice islands when they originate from ice shelves, with Koenig et al. (1952) describing the first use of the term in the late 1940s. In the Arctic, the largest recorded ice
island had dimensions of 31.1 × 33.4 km (T-2; Jeffries 1992a).
The technical definition of an ice island varies slightly between sources. The
operational manual MANICE (Canadian Ice Service 2005), used by operational sea
ice forecasters, defines an ice island as
A large piece of floating ice protruding about 5 m above sea level, which has broken away
from an Arctic ice shelf. They have a thickness of 30–50 m and an area of from a few thousand square metres to 500 sq. km or more. They are usually characterized by a regularly
undulating surface giving a ribbed appearance from the air.

Jeffries (1992a, p. 247) provides the following description:
Ice island: a tabular iceberg which has broken away or calved from an Arctic ice shelf. They
have a gently undulating surface which gives them a ribbed appearance from the air. They
initially show a minimum 2 m above sea level, but this decreases as they thin by melting
during their drift. Their area and dimensions vary from as little as a few hundred square
metres, tens of metres across, to a few hundred square kilometres, tens of kilometres across.
The smallest ice islands may be created at the time of calving, or they may be a result of the
disintegration of a larger ice island.

Although there is no complete inventory of how many ice islands have existed,
Jeffries (1992a) estimated that a total of ~600 occurred between 1946 and 1992.
Further breakups of Arctic ice shelves since then have produced many more
(Copland et al. 2007; Mueller et al. 2017). In this chapter we discuss the origin of
ice islands, their physical characteristics and their previous drift patterns in the
Canadian High Arctic. The drift patterns are of particular interest in relation to
northern shipping and recent offshore oil development activities, as further discussed in Sect. 11.3. The mechanisms of ice shelf breakup that produce ice islands
are addressed by Copland et al. (2017).

11.2

Origin and Identification of Ice Islands

Ice islands in the Arctic Ocean typically originate from the ice shelves found on the
north coast of Ellesmere Island (Fig. 11.1). Radiocarbon dating of driftwood collected in the fiords behind these ice shelves suggests that they likely developed during a climatic deterioration approximately 3000–5500 years ago (England et al.
2008, 2017). The ice shelves have undergone extensive disintegration since this
time, with a reduction in area from >8500 km2 in 1906, to 1037 km2 in 2003 and
535 km2 in 2015 (Mueller et al. 2017). This has included the loss of the entire Ayles
Ice Shelf in August 2005 and Markham Ice Shelf in August 2008.
Studies have also been conducted to determine if ice islands could originate from
Greenland. In total, four Greenland glaciers were identified as possible sources of
ice islands for the Arctic Ocean and Baffin Bay: Petermann, Ryder, C.H Ostenfeld
and Hagen Brae (Higgins 1989). Additional ice island sources for East Greenland
are the glacier-filled fiords of Nioghalvfjerdsfjorden and Jökelbugten (Higgins
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Fig. 11.1 Map of current (outlines in red) and past (names in brackets) ice shelf locations across
northern Ellesmere Island, as of July 2015 (MODIS base image from July 12, 2015, courtesy of the
Rapid Response Project at NASA/GSFC)

1988). Upon study of the Greenland ice shelves and glaciers, Higgins (1989) found
that they could produce ice islands that would be very difficult to distinguish from
those calved from Ellesmere Island. Indeed, there have been many ice island sightings off the east coast of Canada over the past century, many of which likely originated from Greenland (e.g., Newell 1993; Peterson 2005; Hill et al. 2008). For
example, Peterson (2005) describes the sighting of many ice islands up to
2.0 × 2.4 km in size off eastern Canada in 2001–2002 that originated from the
Petermann Glacier, and Falkner et al. (2011) describe the calving of a 253 km2 ice
island from Petermann Glacier in August 2010. This ice island subsequently split
into several smaller pieces as it drifted southwards, with Halliday et al. (2012)
reporting average thicknesses of ~70 m on a ~72 km2 piece when it was located off
eastern Labrador in June 2011. This PII-A ice island had drifted >3000 km from its
calving location in the space of only 10 months.
Ice shelves are widely described by explorers in early literature such as Peary
(1907) and Storkerson (1921), with a full review provided by Koenig et al. (1952)
and Jeffries (1987). Ice islands were not definitively identified until the 1940s, however, when post-WWII military exploration of the Arctic became more commonplace. The first ice island was identified on August 14, 1946, when the United States
Air Force (USAF) found an ice island with an area of 500 km2, later to be named
T-1, approximately 500 km north of Barrow, Alaska (Jeffries 1992a). The second
and third ice islands were located off northern Ellesmere and Axel Heiberg Islands
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Fig. 11.2 Aerial view of an ice island in NW Yelverton Bay, July 13, 2015; likely origin is the
Ward Hunt Ice Shelf. Note distinctive surface ridging. Ice island is ~0.9 km wide × 2.0 km long
(Photo: Luke Copland)

in 1948 (T-4 and T-5). This was followed by the discovery of T-2 and T-3 in the
Arctic Ocean in 1950 (Jeffries 1987).
The first ice islands were believed to have an ice shelf origin due to their characteristic regularly undulating (ribbed) surface topography (Fig. 11.2). This was later
confirmed from further study of aerial photographs and ice samples (Koenig et al.
1952). The undulating surface topography found on Ellesmere Island ice shelves
typically parallels the outer coast, but within fiords it often swings southwards and/
or becomes disorganized (Hattersley-Smith 1957). Observations by the authors in
July 2015 indicate that the undulations can reach amplitudes of >10 m between
adjacent ridges and troughs at the southern end of the Milne Ice Shelf. This rolling
surface topography is almost unique in the Northern Hemisphere, but is often
observed on Antarctic Ice Shelves such as the McMurdo Ice Shelf. For the Ellesmere
Island ice shelves, Hattersley-Smith (1957) argues the ridging originates from the
effects of wind via the production of elongated snow dunes. Subsequent summer
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melting then tends to pool water in the ridges between dunes and enhance the melting in these areas, further enhancing the ridge and trough structure. Measurements
by Crary (1960) indicated that prevailing winds along northern Ellesmere Island
were parallel to the ridges and troughs, supporting this theory. However, further
research is required to understand the exact processes occurring as observations of
sand dunes indicates that they often occur at right-angles to the dominant wind
direction (e.g., Barchan dunes; Tarbuck et al. 2009), and personal observations by
the authors on the Milne Ice Shelf indicate that surface snow drifts frequently do not
parallel the ridges and troughs. The summer meltwater ponds may therefore play a
much more dominant role, as further discussed by Jeffries (2017) in this volume.
The thickness of an ice island is dependent on the thickness and structure of the
ice shelf from which it originated. For example, the Milne Ice Shelf was found to
average ~70 m depth in airborne radio-echo sounding measurements in 1981 (Narod
et al. 1988), while a more recent survey by Mortimer et al. (2012) in 2008/2009
reported a mean thickness of 55 m, with a maximum thickness of 94 m. The Milne
Ice Shelf appears to be unusually thick, however, with ice depths on most of the
other Ellesmere Island ice shelves closer to 45 m or less (Jeffries 1986). For example, White et al. (2015) found a mean thickness of 28.5 m for the Petersen Ice Shelf.
Copland et al. (2007) used radio-echo sounding to determine that the Ayles Ice
Island was 42–45 m thick in May 2007, some 21 months after it calved. Crary
(1958) measured ice thicknesses between 40 and 53 m at six points on T-3 in 1954,
with an average of 48 m. It should also be noted that only a small proportion (typically 1/8th to 1/10th) of an ice island’s total thickness is ever exposed above the
ocean surface, in the same way as icebergs.

11.3

Significance

Knowledge of the occurrence, drift patterns and characteristics of ice islands has
been important for past and current applications including oil development, shipping, and the establishment of platforms for scientific research and military operations. In addition, information on ice islands aids with the reconstruction of former
ice shelf extents, provides a chronological record of the disintegration of ice shelves,
and gives a basis for calculating the frequency of ice island calving events (Jeffries
1992b). These topics are explored more fully below.

11.3.1

Ice Island Drift and Oil Development

Research on the drift of ice islands has been of interest to oil developers in the Arctic
since 1970, and as a consequence they have sponsored some of the related field
research. For example, the Arctic Petroleum Operators Association conducted a
5-year program from 1972 to 1976 to catalogue the number and size of ice islands
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in the southern Beaufort Sea (Yan 1986). This was mainly motivated by the possibility of an ice island colliding with an oil drilling structure. Development of oil
resources in the Beaufort Sea and off the North Slope of Alaska occurred on a relatively small scale with projects such as Amauligak on the Canadian Beaufort shelf
in the mid-1980s (Kato and Kumakura 1996). There is currently a resurgence of
interest in this region, however, as oil companies such as Shell and Conoco Philips
have recently taken out new offshore oil leases there (Minerals Management Service
2008). These developments are close to the drift paths that previous ice islands have
taken, meaning that a good understanding of these patterns is essential. Icebergs in
the north Atlantic are typically towed or pushed out of the way with ocean-going
tugs when they are on a potential collision course with oil rigs (Rudkin et al. 2005),
but this solution would not be possible with most ice islands due to their large size
(Fuglem and Jordaan 2017).

11.3.2

Ice Islands and Shipping

Ice islands currently pose little threat to shipping traffic in the Arctic given adequate
reporting and surveillance coupled with the relatively small amount of ship traffic in
northern waters. However, there have been significant recent increases in shipping
in the Canadian Arctic (Pizzolato et al. 2014), which have been significantly correlated with reductions in sea ice in locations such as the Beaufort Sea and Western
Parry Channel (Pizzolato et al. 2016), where previous ice islands have been
observed. Recent rapid reductions in both average sea-ice extent and thickness has
led to predictions that the frequency of navigable periods for trans-Arctic shipping
will double by 2050 (Melia et al. 2016). Routes include the Northwest Passage, a
waterway that connects the Atlantic and Pacific Oceans via passages in the Canadian
Arctic Islands, and the Transpolar Route directly across the Arctic Ocean. These
new routes could increase the potential for collisions with ice islands. In addition,
the opening of more intra-island passageways in the Canadian Arctic due to thinning sea ice means that ice islands may drift into locations where they have not
historically been found. For shipping, the largest risk arises not from large ice
islands, which can be easily spotted, but from the many smaller icebergs that are
produced when ice islands break up. These smaller ice fragments are still of considerable risk to ships despite their smaller size, but are very difficult to track individually and distinguish from surrounding sea ice because of their low profile.

11.3.3

Ice Islands as Scientific and Military Platforms

Due to their thickness, stability and residence times that can extend to decades, ice
islands have previously been used as platforms for the establishment of semi-
permanent bases. Historically, they have been used to study subjects such as
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Table 11.1 Past ice island research stations
Name
T-3 (Fletcher’s)
NP-6a
ARLIS-II
NP-19/WH-3
NP-22
NP-23
NP-24
Hobson’s Choice

Year established
May 1952
April 1956
1961
November 1962
September 1973
December 1975
June 1978
1983

Nationality
American
Russian
American
Russian
Russian
Russian
Russian
Canadian

Duration (Years)
27
3
4
4
9
3
2
9

Adapted from Jeffries 1992a; Jeffries and Shaw 1993; Frolov et al. 2005
Jeffries (1992a) states that NP-6 was established on an ice island, while Frolov et al. (2005)
declares that NP-6 was established on an ice floe

a

bathymetry, ice strength and climate, with the first ice island research station established on T-3 in March 1952 by the USAF (Crary 1958, 1960; Table 11.1). This
floating research station was operated for almost 27 years (Jeffries 1992a). A second
research camp named ARLIS-II (Arctic Research Laboratory Island) was established in 1961 by the Naval Arctic Research Laboratory, approximately 200 km
north of Barrow, Alaska (Jeffries 1992b). This station operated continuously for
four years as it drifted across the Arctic Ocean. The first Canadian research base was
established on Hobson’s Choice Ice Island in 1983 (Foster and Marino 1986), with
the camp operating yearly in the spring and summer until 1992 (Jeffries and Shaw
1993). There has also been extensive use of ice islands as drifting research stations
by the Russians since their first discovery, as further described by Belkin and Kessel
(2017).
While many scientific and meteorological measurements were made at the ice
island camps, it is clear that they also had specific strategic importance for both the
United States and the Soviet Union during the Cold War (Althoff 2017). Once it was
proven that aircraft could safely land on ice islands and that camps could operate
year-round on them, research focused on using ice islands as staging platforms for
air strikes and detecting submarines (Althoff 2007, 2017). Indeed, the former Soviet
Union took considerable interest in Arctic Ocean ice floes and ice islands at the
same time as the Americans, possibly discovering T-1, T-2 and T-3 before the USAF
(Zubov 1955). The Russians established their first drifting research station, NP-1
(North Pole 1), on an ice floe in 1937, and the success of this program proved the
feasibility of conducting long-term Arctic monitoring directly from the ice (Frolov
et al. 2005). Leary and LeShack (1996) provide an account of a secret military raid
by the US Central Intelligence Agency on Russian drift station NP-8 in 1962 to
determine the Soviet’s progress in meteorology, oceanography and submarine
detection. The Russian ice camps have continued to the present day, with station
NP-41 (also referred to as North Pole-2015) operating between April 19, 2015 and
mid-August 2015 (Barents Observer, ‘Russian Arctic Scientists to be evacuated
from ice floe’, August 5, 2015). Of the Russian drifting stations, five are believed to
have been located on true ice islands (Table 11.1; Althoff 2017).
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Sources of Evidence for Ice Island Drift Tracks
Aerial Reconnaissance

After T-1 was discovered by the USAF during a routine weather observing flight in
1946, aerial reconnaissance was the dominant method of detecting ice islands until
the advent of synthetic aperture radar satellite imagery in the 1980s. The first systematic aerial photography of the Canadian High Arctic was undertaken by the
USAF between 1946 and 1948 during Operation Polaris (Halliday 2008), which
resulted in the discovery of ice islands T-4 and T-5 (Jeffries 1987). This operation
used trimetrogon photography, which consisted of three cameras mounted along a
line transverse to the flight direction, with one camera pointed vertically and the
other two pointed sideways at a depression angle of ~30° from horizontal (Cogley
and Adams 2000). The trimetrogon photography program was continued and
expanded by the Royal Canadian Air Force (RCAF), which led to the discovery of
an additional 28 ice islands in photos taken between 1947 and 1952 by Koenig et al.
(1952), and a further 31 ice islands by Montgomery (1952). These were observed
throughout the western and southern parts of the Canadian Arctic Archipelago, and
ranged in size from ~0.5 to >12 km across. However, none were discovered along
the eastern (Nares Strait/Lincoln Sea) side of Ellesmere Island at this time.
The first detailed National Topographic Survey maps of the ice shelves were
produced from vertical aerial photography undertaken in 1959/1960 by the RCAF
(Jeffries 1987). To this day, these maps and aerial photographs provide the most
complete record of the Ellesmere Island ice shelves, and are typically used as the
basis against which modern changes are compared (e.g., Mortimer et al. 2012;
White et al. 2015). Public access to these photos, together with the earlier trimetrogon series, is available at the National Air Photo Library in Ottawa, Canada.
Operational detection and monitoring of sea ice conditions in the Canadian High
Arctic was undertaken via aerial reconnaissance flights by the Polar Continental
Shelf Project (PCSP) between 1961 and 1978, and by the Canadian Ice Service until
the 1990s. During these flights, ice islands were often spotted (Lindsay et al.
1968) and their locations are preserved in the PCSP Ice Atlases (Lindsay 1975,
1977, 1982) and the Canadian Ice Service operational ice charts (since 1957) and
Annual Ice Atlases (since 1986/1987). Today, aerial monitoring has largely been
replaced with use of satellite imagery in the Canadian High Arctic, although the
International Ice Patrol still undertakes extensive iceberg monitoring flights along
the east coast of Canada. The International Ice Patrol was developed in 1914 after
the sinking of the Titanic, and is operated by the US Coast Guard with funding from
a variety of nations (http://www.navcen.uscg.gov/?pageName=IIPHome). Prior to
World War II, iceberg detection was primarily undertaken from ships, but since then
aerial reconnaissance from Hercules HC-130 aircraft has become the dominant survey method. This has produced an extensive record of iceberg occurrences along
eastern Canada, which has included many reports of ice islands (Newell 1993;
Peterson 2005; Hill et al. 2008).
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Tracking Buoys

Once an ice island has been identified, tracking buoys are commonly deployed to
provide convenient monitoring of its location. One of the early methods involved
the placement of metal barrels in a recognizable fashion on the ice island surface, so
that when aircraft flew overhead they could be easily recognized (Nutt 1966; Foster
and Marino 1986). These metal barrels were also easily identified by on-board aircraft radar systems, allowing ice islands to be found and identified even when visual
contact was not possible in poor weather conditions.
The first true beacons used on ice islands were deployed by the U.S. Navy (e.g.,
on WH-5; see Sect. 11.5.3), and provided a radio homing signal that aircraft could
identify and track (Nutt 1966). The first satellite-based beacons utilized the ARGOS
system developed in 1978, which computes location using the Doppler shift between
signals. For example, early ARGOS buoys were used to track Hobson’s Choice Ice
Island in the 1980s (Sackinger et al. 1989, 1991), including the use of two buoys at
either end of the island to track of its orientation (Foster and Marino 1986). At best,
these signals could be used to locate a buoy to an accuracy of <250 m, but in modern
buoys the addition of a GPS receiver provides positional accuracy to <10 m (Argos
2007). Current ARGOS data transmissions can also provide information on local
environmental factors such as air pressures and temperatures, and can be made
available in near real-time on the internet. Modern tracking beacons such as the
Compact Air Launched Ice Beacon manufactured by MetOcean (Nova Scotia,
Canada) are outfitted with parachutes to enable deployment directly from moving
aircraft. GPS-based tracking beacons operating on other satellite systems, such as
Iridium, are also now available.

11.4.3

Remote Sensing Platforms

Satellite observations provide an excellent means of finding and tracking ice islands,
particularly via the use of Synthetic Aperture Radar (SAR). SAR has the advantage
of being an active remote sensing technique, which means that the system sends out
its own controlled signals which are detected back by the sensor. This enables illumination and observation of the Earth’s surface regardless of cloud or light conditions, and has revolutionized the detection and monitoring of sea ice and ice island
conditions, particularly during the polar night. The Canadian Ice Service first documented sea ice conditions with an aircraft-mounted Side-Looking Airborne Radar
(SLAR) in 1978, and an aircraft-mounted SAR sensor in 1990. This was replaced
with the use of RADARSAT-1 SAR satellite imagery in 1996, and most operational
sea ice monitoring now relies on orbiting satellites with SAR capabilities such as
RADARSAT-2, Sentinel-1 and ALOS-2.
Jeffries and Sackinger (1990) conducted a study of ice island detection in SAR
imagery and determined three criteria that aid in their identification: (1) Size: ice
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islands are generally larger than surrounding pack ice floes; (2) Shape: ice islands
are often longer and more angular than surrounding ice floes; (3) Returns: ice
islands are typically distinctive in SAR images because:
(a) The radar returns are usually stronger than the surrounding pack ice, making ice
islands appear brighter than the other features.
(b) Ice island edges appear bright in imagery due to their height above surrounding
sea ice. The edges are also unusually long and straight.
(c) The regular ribbed-like texture of an ice island surface is very different from the
more random patterning found on surrounding sea ice.
Thus, once an ice island is identified it can often be easily detected in SAR imagery by its characteristic size and shape, and because ice islands have a unique backscatter signature (bright tones that are in stark contrast to the dark tones of the
surrounding pack ice). The signature of ice islands changes throughout the year,
however, depending on the amount of melt taking place. Ice islands in imagery captured in late summer often appear darker because of the lower backscatter return due
to a wet surface (Jeffries and Shaw 1993).
Passive satellite platforms (i.e., optical imagery) can also be used to find and
track ice islands, although they are limited by their need for daylight and cloud-free
conditions to observe the earth’s surface. The launch of the Landsat program in
1972 provided the first readily-available high resolution satellite imagery of the
Canadian High Arctic, although Landsat 1-3 could not obtain data above 79°N and
were therefore unable to view the ice shelves directly. However, ice islands could be
observed once they had drifted south of 79°N. Landsat 4 & 5 usually only obtained
data up to ~80°N, although Jeffries et al. (1992) describe the first ever imaging of
the ice shelves with Landsat 5 in summer 1990 via a special acquisition by the
Alaska Satellite Facility. Today, Landsat 8 images up to ~82°N, which is still not far
enough north to capture the northernmost ice shelves such as the Ward Hunt.
However, special request SPOT imagery of the northernmost ice shelves has been
occasionally collected from 1986 onwards.
The first regular imaging of the ice shelves didn’t occur until the development of
high resolution SAR and visible sensors in the mid- to late-1990s. In particular, the
launch of the TERRA satellite in 1999 provided visible imagery of the ice shelves
via: (a) the ASTER sensor, which captures high resolution (15 m) imagery but has
a relatively infrequent repeat orbit of 16 days; and (b) the MODIS sensor, which
images the Canadian High Arctic multiple times per day, but has a resolution of
250 m. The launch of a second MODIS sensor on the AQUA satellite in 2002 now
provides repeat coverage of the Ellesmere Island ice shelves every ~90 min, and was
used by Copland et al. (2007) to reconstruct the detailed dynamics of the Ayles Ice
Shelf calving event in August 2005. The launch of the FORMOSAT-2 satellite in
2004 provided the first very high-resolution (2 m in panchromatic) imagery of the
ice shelves on a daily repeat cycle, and was used by Mueller et al. (2008) to reconstruct the 2008 calving events from the Ward Hunt Ice Shelf.
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Summary of Drift Track Evidence

In summary, there are a wide range of data sources available for reconstructing ice
island drift tracks. Historical records, personal communications and aerial surveillance provide a good level of information about early ice islands. Earth observation
satellites and tracking buoys provide reliable near real-time data for the location of
recent and current ice islands. These data sources help to improve understanding of
ice island motion and the factors driving it, and are used in the discussion below.
Drift paths can be reconstructed with considerable accuracy when the ice islands are
close to the Canadian Arctic Archipelago, but the record is more uncertain for older
ice islands which were far out in the Arctic Ocean. This is simply because there was
less surveillance undertaken in early years, and because positioning is much more
difficult when there are no nearby land markers to use as reference points. Discussion
here is limited to drift tracks of ice islands that originated from Canadian Arctic ice
shelves.

11.5

Ice Island Drift Tracks

Information on the drift patterns of all the major ice islands that originated from the
ice shelves of northern Ellesmere Island is discussed below and presented in
Table 11.2. This list does not include all of the ice islands that have ever calved from
these ice shelves, but provides information on the main ones and their drift paths.
Where information is available, drift tracks are provided from calving to disintegration, and we consider the tracks to be generally representative of the paths taken by
the wider ice island population.
Reconstructed drift patterns reveal that ice islands which calve from northern
Ellesmere Island follow one of three general patterns:
1. Arctic Ocean Drift: in which ice islands stay within the Arctic Ocean and can
complete several loops around the basin before disintegration and/or ejection via
Fram Strait between Greenland and Svalbard.
2. Archipelago Drift: in which ice islands enter the intra-island channels of the
Canadian Arctic Archipelago (CAA).
3. Nares Strait Drift: in which ice islands drift eastward after calving and enter
Nares Strait, Baffin Bay and ultimately reach the east coast of Newfoundland
and Labrador.
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WH-4

WH-3 /NP-19

WH-2

WH-1

ARLIS-II

T-3 /Fletcher’s

T-2

Name
T-1

Serson
(Alfred
Ernest) Ice
Shelf
Ward Hunt
Ice Shelf
Ward Hunt
Ice Shelf
Ward Hunt
Ice Shelf
Ward Hunt
Ice Shelf

Origin
Ellesmere
Island
Ellesmere
Island
Ellesmere
Island

1966b

1966b

1968b

1968

1964

1955

1961–
1962
1961–
1962
1961–
1962
1961–
1962

1984

1951

Year of
breakup
1971

1935

1950a

Year of
calving
1946a

NW coast Banks
Island
N. Meighen
Island
W coast Prince
Patrick Island
W coast Prince
Patrick Island

Exited into
Greenland Sea

Southern tip of
Greenland

Location of
breakup
N coast Ellef
Ringnes Island
Atlantic Ocean
Tracking method(s)
Aerial photos, ice
atlases
Aerial photos, ice
atlases
Aerial photos,
research station, ice
atlases
Aerial photos,
research station,
inferences from other
ice islands
Ice atlases, aerial
reconnaissance
Ice atlases, aerial
reconnaissance
Ice atlases,
aerial reconnaissance
Ice Atlases, aerial
reconnaissance

Table 11.2 List of all major ice islands previously tracked in the Canadian High Arctic

68 km2
8 × 14 km
93 km2

At least 4
At least 3
At least 3

2.4 × 5.6 km

9

73.5 km2

~8 × 16.5 km

Approx. 40

At least 3

~31 × 33 km

Size
~27 × 33 km

Unknown

Duration
(years)
Approx. 25

1,2,5

1,2,5

1,2,5

1,2,5

2,3

1,2, 11

1,9, 10

Refs
1,5
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Ward Hunt
Ice Shelf

Ayles Ice
Shelf

Hobson’s Choice /
Ice Island 3831

Ayles Ice Island

August
2005

1983

1961–
1962

–

1992

1966

–

Queens Channel

Grand Banks,
Newfound-land

Aerial
reconnaissance,
tracking buoys, ice
atlases
Satellite observations,
tracking buoys,
research station
Tracking buoys,
satellite observations,
ice atlases

~20 × 9 km

~10 × 5 km

~15 × 6 km
(66.4 km2)

Approx. 4

Approx. 9

–

8

2,4,10

1,2,6

References: 1 = Lindsay et al. (1968), Lindsay (1975, 1977, 1982); 2 = Jeffries (1992a); 3 = Jeffries (1992b); 4 = Jeffries and Shaw (1993); 5 = Crary (1958);
6 = Nutt (1966); 7 = Hattersley-Smith (1963); 8 = Copland et al. (2007); 9 = Koenig et al. (1952); 10 = Yan (1986); 11= Wadhams (2000)
a
Year of first observation, but calving date is unknown
b
Year of last observation, but breakup date is unknown

Ward Hunt
Ice Shelf

WH-5
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Arctic Ocean Drift

After ice islands calve from northern Ellesmere Island, they typically begin a dominantly westward drift. This motion occurred for all of the ice islands reviewed here,
except for WH-5 (Fig. 11.3, Table 11.2). Some of these ice islands ultimately end up
drifting into the channels of the CAA (see Sect. 11.5.2), but many of them remain
in the Arctic Ocean. These islands typically closely follow the north coast of the
CAA until they reach the Beaufort Sea. Once there, they continue drifting along the
coast of Alaska toward Russia, until they roughly reach Point Barrow, after which
they begin to move almost straight towards the North Pole, carried by the Transpolar
Drift ocean current. Once close to the North Pole, they either:
(a) Drift southward and meet the coastline of Ellesmere Island again, thus completing a full circuit around the Arctic Ocean
(b) Become caught in the Transpolar Drift, and exit the Arctic Ocean through Fram
Strait between Greenland and Svalbard.
The typical clockwise motion around the Arctic Ocean is termed the ‘Beaufort
Gyre’, and is driven by the dominant anti-cyclonic pressure systems that occur over
this region (Fig. 11.4; Serreze et al. 1989). This flow dominates the motion of the
sea ice pack in the Arctic Ocean, and explains why ice islands that calve from
Ellesmere Island are usually immediately transported to the west. Occasionally,
however, the anti-cyclonic system breaks down and is replaced by a persistent
cyclonic system lasting for periods of up to several weeks (Serreze et al. 1989). This
is relatively common in the late summer and early autumn, and is known as a
‘Beaufort Gyre Reversal’. This can cause the pack ice to temporarily move counter-
clockwise rather than clockwise.
The Transpolar Drift is another important aspect of sea ice motion in the Arctic
Ocean (Fig. 11.4). This current results in an almost linear movement of sea ice from
the Siberian Coast across the North Pole and out through Fram Strait (Serreze et al.
1989). This drift is responsible for exporting 20% of the Arctic Ice Pack annually,
and can include the export of ice islands.
T-3 provides a good example of an ice island which followed the Arctic Ocean
Drift route. This ice island was first discovered in 1950 in the northern Chukchi Sea
at 75°24′N/173°00′W, although it is likely to have calved around 1935 (Li 1991;
Wadhams 2000). From 1952 to 1979 it was used almost continuously as a research
station, and thus its locations during that time are well known (Li 1991). During this
period, it completed at least three circuits of the Beaufort Gyre and remained in the
Arctic Ocean for at least 35 years (Fig. 11.3a; Sackinger et al. 1991). Finally, in
1983–1984 the ice island drifted out of the Arctic Ocean via the Transpolar Drift,
and was spotted twice more off the southern tip of Greenland, presumably where it
finally disintegrated. Li (1991) states that wind conditions near the North Pole
define whether an ice island continues circulation in the Beaufort Gyre or whether
it joins the Transpolar Drift. For T-3, these wind conditions only enabled it to join
the Transpolar Drift on its fourth loop around the Arctic Ocean.
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Fig. 11.3 (a) and (b) Reconstructed drift tracks for ice islands described in the text and Table 11.2

The drift of T-3 represents the longest recorded drift of an ice island, with a residence time in the Arctic Ocean of at least 35 years. It also illustrates the importance
of the Beaufort Gyre in driving the drift of ice islands, as well as the role of the
Transpolar Drift in ejecting ice islands from the Arctic Ocean. Ice Island ARLIS-II
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Fig. 11.4 Surface currents in the Arctic Ocean and surrounding area (Reproduced from AMAP
(1998), with permission of the Arctic Monitoring and Assessment Programme, Norway)

also provides an example of an Arctic Ocean Drift pattern that was similar to T-3
(Fig. 11.3a). ARLIS-II was first spotted in 1959 near Ellef Ringnes Island (Foster
and Marino 1986), although its location was not regularly monitored until a research
station was established on it in May 1961 when it was north of Point Barrow, Alaska
(Tables 11.1, 11.2; Sackinger et al. 1991). It then took only three years to travel
across the Arctic Ocean and be ejected by the Transpolar Drift through Fram Strait,
without making a complete circuit in the Beaufort Gyre.
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Archipelago Drift

There are many examples of ice islands that have drifted into the channels of the
CAA, including T-1, Hobson’s Choice and Ayles (Lindsay 1975, 1977; Sackinger
et al. 1989; Jeffries and Shaw 1993; Copland et al. 2007; Fig. 11.3b). In addition,
Koenig et al. (1952) and Montgomery (1952) found a total of 59 ice islands within
the channels of the CAA in the late 1940s and early 1950s (as discussed in Sect.
11.4.1), and Sackinger et al. (1991) noted that in 1990 many smaller ice islands
probably entered the Archipelago in addition to Hobson’s Choice.
The drift of Hobson’s Choice is perhaps the best documented of any ice island
from calving to disintegration, in part helped by the presence of a Canadian research
base on it (Foster and Marino 1986; Sackinger et al. 1989; Table 11.1), and also
because it was tracked in some of the first SAR scenes of this region (Jeffries and
Sackinger 1990). The ice island calved from Ward Hunt Ice Shelf in winter 1982
and was spotted nearby to the west for the first time in April 1983. ARGOS satellite
tracking buoys were placed on the island in August 1983 (Sackinger et al. 1989),
and by summer 1988 it had drifted a net distance of ~1000 km to the northern coast
of Ellef Ringnes Island (Fig. 11.3b). This rate of movement was relatively slow,
with the island experiencing frequent irregular motion and reversals along its travel
path, particularly during the summer and falls of 1984–1986 when it became largely
stalled at the northern edge of Axel Heiberg Island (Jeffries 1992a). Reconstructions
by Jeffries and Shaw (1993) indicate that summer wind patterns over this period
were often opposite to the normal direction of the Beaufort Gyre. This had the effect
of both slowing the normal westward drift in this region and increasing the pack ice
pressure against the northern coastline of the CAA. Further evidence for the compressed state of the pack ice during this period is provided by the fact that 8–12
smaller ice islands that broke off at a similar time to Hobson’s Choice all stayed
within a roughly 20 km radius of it (Jeffries and Sackinger 1990).
Sackinger et al. (1989) studied the motion of Hobson’s Choice when it was
located to the NW of Axel Heiberg Island during two periods of movement in May
and June 1986, and found that its motion amongst the pack ice was generally preceded by an offshore surface wind and a wind speed of >6 m s−1. Lu and Sackinger
(1989) argued that the large NE motion of the ice island during these two events and
three other events in summer 1986 was related to a ‘mountain barrier effect’, in
which dominant westerly winds hit the mountains of Axel Heiberg Island and were
deflected to the north by the Coriolis effect. They argued that this effect occurs up
to 150 km away from the mountains, and that it should therefore be taken into
account when predicting ice island movement.
In September and early October 1988, Hobson’s Choice moved >100 km eastwards, towards the mouth of Peary Channel between Ellef Ringnes and Meighen
Islands. Jeffries and Shaw (1993) state that this occurred during a reversal of the
Beaufort Gyre, driven by a semi-stationary low pressure system over the Arctic
Ocean. There was then a significant change in drift direction on October 10, 1988,
when the ice island started moving southwards due to strong northerly wind flow off
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Fig. 11.5 NCEP reanalysis of surface wind conditions (in m s−1) which allowed the drift of
Hobson’s Choice Ice Island into Peary Channel: (a) Oct. 9, 1988; (b) Oct. 10, 1988; (c) Oct. 11,
1988; (d) Oct. 12, 1988

the Arctic Ocean during October 9-13 (Jeffries and Shaw 1993). These conditions
are confirmed by NCEP climate reanalyses which indicate that the wind strength
averaged at least 9 m s−1 from October 9–12, 1988, with winds blowing directly into
the opening of Peary Channel (Fig. 11.5). Winds alone are insufficient to explain the
movement of Hobson’s Choice, however, as the sea ice in the mouth of Peary
Channel must have been mobile and in lower concentrations than normal (median
8–9/10 coverage) for this time. Once it had entered the mouth of the channel, it
became stuck against the fast ice edge for almost a year until it fully entered it in
August–September 1989 (Jeffries 1992a).
For the next couple of years Hobson’s Choice generally moved short distances
within Peary Channel, until August 1991 when it started moving rapidly southwards, passing into Queen’s Channel (north of Cornwallis Island) and covering a
total of 421 km by November 1991. Jeffries and Shaw (1993) analysed NOAA-
AVHRR satellite imagery from this period, and found that there was extensive
breakup of sea ice and open water in the channels where the ice island entered. This
is confirmed in Canadian Ice Service charts from this time, which indicate clearing
around Ellef Ringnes Island from August 22, 1991, until the ice pack consolidated
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again in mid-October 1991. In addition, air temperatures in summer 1991 were
2–4°C warmer than normal for this region. Thus, once sea ice conditions were open
enough for movement to occur, winds further drove the ice island southwards.
Indeed, Jeffries and Shaw (1993) highlight six periods of 4–7 days in autumn 1991
when winds were complimentary to the drift track. It is also likely that the drift was
aided by southward flowing currents through Peary Channel (Fig. 11.4), although
the strength of these currents is not quantified (Jeffries and Shaw 1993). Kwok
(2006) showed that on average there is a net annual inflow of sea ice from the Arctic
Ocean into the CAA via Peary and Sverdrup channels. However, this ice movement
is typically restricted to a short period in the summer as fast ice covers the channels
for most of the year (Dunbar 1973; Melling 2002).
Hobson’s Choice ice island started disintegrating in late 1991, and was completely broken up by the end of 1992 (Jeffries and Shaw 1993). Up until summer
1991 it had been a stable platform strong enough to house a research base, so the
question arises of why it became unstable so quickly. One possible answer is that
the region where it broke up contains many polynyas and is an area of significant
upwelling (Stirling 1997), so this warmer upwelling water likely increased basal
melting. Alternatively, the widespread occurrence of summer surface meltwater
ponds may have accelerated surface melt rates and exposed existing weaknesses in
the ice structure via hydro-fracturing, as has been observed with the disintegration
of some Antarctic Ice Shelves (MacAyeal et al. 2003)
The drift history of the Ayles Ice Island is similar to that of Hobson’s Choice.
This ice island first broke away from the Ayles Ice Shelf on August 13, 2005, and
was initially 66.4 km2 in area, with an additional 20.7 km2 of smaller fragments lost
at the same time (Copland et al. 2007). This event was unique as it was the first time
that repeat satellite imagery (MODIS) recorded an Arctic ice shelf breaking apart in
near real-time. When the ice island first calved it rapidly rotated away from the coast
at a speed of ~1 km h−1 for the first 5 h (Copland et al. 2007). Some 5 days after it
broke off it had drifted ~70 km to the west of the Ayles Ice Shelf, but a month later
it had moved some 32 km back east. RADARSAT-1 imagery indicates that it then
moved little until early 2007. A satellite tracking beacon was placed on the ice
island in May 2007, and a second one was placed on the other half of it in April
2008 after it had broken apart in September 2007.
NCEP reanalysis reveals that the dominant winds in summer 2006 were from the
southwest, along the coastline of Ellesmere Island, which would have acted against
the westward drift of the Beaufort Gyre and worked to compress the pack ice along
the coastline of Ellesmere Island. This is similar to the pattern that occurred with
Hobson’s Choice in 1984–1986 when it stalled along northern Axel Heiberg Island.
In 2007, the Ayles ice island moved ~55–75 km SW between mid-January and
early February, but then moved little until mid-July 2007. In late July and in August
2007 it started moving SW again, with a total drift of ~220 km between August 6
and 30 (>9 km day−1). NCEP reanalysis indicates a reduction in the prevailing
onshore winds over northern Ellesmere Island during this time, with the resulting
open coastal water allowing the rapid drift (Fig. 11.6a). In September 2007 the
winds were stronger and more northerly, which pushed the pack ice back against the
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Fig. 11.6 Drift of the Ayles Ice Island: (a) Predominantly low surface winds (in m s−1) over northern Ellesmere Island in August 2007; (b) Resulting low sea ice conditions along northern Ellesmere
Island that allowed for the rapid westward drift of the ice island (marked by red circle; MODIS
image from August 20, 2007); (c) Dominant onshore surface wind flow (in m s−1), September
2007; (d) Resulting southerly motion of the ice island into Sverdrup Channel to the east of Meighen
Island (MODIS image base from September 2, 2007, courtesy of the Rapid Response Project at
NASA/GSFC)

coastline and allowed for the southward movement of the ice island into Sverdrup
Channel between Meighen and Axel Heiberg islands (Fig. 11.6b), through the location where the Sverdrup Ice Plug has historically existed (Pope et al. 2017). On
September 4, 2007, the Ayles Ice Island fragmented into two pieces on the east side
of Meighen Island, possibly due to contact with the ocean floor given its proximity
to the coast when it broke up (Fig. 11.7a, b).
During September 2007 the southward drift of the two pieces averaged ~3 km
day−1. Canadian Ice Service Ice Charts for Peary and Sverdrup channels showed
that ice coverage was the lowest in the 40-year record for the week of September 10,
2007 (0.59 coverage versus 40-year median of 0.66), meaning that the ice islands
were able to drift faster than usual at this time. However, regional temperatures
dropped quickly at the end of September 2007 to about −15°C, which allowed the
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Fig. 11.7 RADARSAT-1 imagery of Ayles Ice Island: (a) On the east side of Meighen Island on
September 3, 2007, the day prior to fracturing; (b) After fracturing on September 4, 2007; (c) The
two pieces lodged in sea ice either side of Amund Ringnes Island on September 23, 2007, where
they remained until early August 2008 (All imagery © Canadian Space Agency). (d) August to
October 2008 tracks of the two ice island pieces

development of new sea ice which impeded the further drift of the fragments, and
by late September 2007 they were locked in the sea ice either side of Amund Ringnes
Island (Fig. 11.7c), ending any further drift until summer 2008.
Previous ice islands have also had documented drift through Sverdrup Channel.
For example, 1946 aerial photographs reveal that an ice island had entered the channel, while in 1947 another ice island was located between Amund Ringnes and
Haig-Thomas Islands (Montgomery 1952). Many of the ice islands that were sighted
during this time moved little from one year to the next: Montgomery (1952) states
that one ice island spotted in 1948 was found in the same location in 1950.
In 2008, the two pieces of the Ayles Ice Island started moving from their positions on either side of Amund Ringnes Island in the first week of August, once the
sea ice started melting and breaking up in this area. The piece on the eastern side
generally moved little throughout the summer, drifting in a north-south zigzag
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p attern between Amund Ringnes and Axel Heiberg islands (Fig. 11.7d). However,
the piece on the western side moved much more, initially drifting northwards
towards the northern coast of Amund Ringnes Island. Later, it drifted >250 km
southwards between mid-August and early October to enter Queen’s Channel to the
NW of Cornwallis Island (Fig. 11.7d). RADARSAT-1 imagery indicates that this
piece broke into three smaller fragments between October 2 and 3, 2008 at
76°14′N/97°12′W, at the same time that the southward motion was stopped by the
formation of new sea ice in this region.

11.5.3

Nares Strait Drift

In winter 1961–1962, a large portion of the Ward Hunt Ice Shelf calved and produced several large ice islands (WH-1, WH-2, WH-3, WH-4 and WH-5, named
from their original west to east calving locations; Hattersley-Smith 1963; Jeffries
and Serson 1983). Of these, WH-1 to WH-4 drifted westwards, while WH-5 drifted
eastward along the northern coast of Ellesmere Island (Nutt 1966; Lindsay et al.
1968). This is the only known example of a Canadian ice island which experienced
prolonged eastward drift after breaking off, and the only one which made it to the
coast of Newfoundland and Labrador. Hattersley-Smith (1963) argued that the
divergent drift patterns were due to Ward Hunt Island acting as a barrier, blocking
WH-5 from drifting westward under the influence of easterly and north-easterly
winds. Rather, WH-5 could only be influenced by winds that would push it eastward, as were recorded in fall 1962 at Alert weather station (Nutt 1966).
Once at the entrance to the Lincoln Sea, it is likely that WH-5 was drawn into
Nares Strait by the strong currents and large volumes of sea ice that pass through
this channel each year. Sadler (1976) states that almost 15% of the total annual outflow from the Arctic Ocean occurs via this route. Studies of the Lincoln Sea and
Nares Strait by Agnew (1999) and Dunbar (1973) found that ice drains annually
from this region via Nares Strait, although the intensity of this drainage varies
greatly between years and is highly dependent on the formation of ice bridges that
block the outflow. Samelson et al. (2006) found that landfast sea ice consolidation
usually occurs in the strait in mid- to late-January, with Kwok (2005) stating that sea
ice drift typically ceases at this time and doesn’t resume until the following July or
August. Drift speeds were dependent on localized winds, coastal geography and
ocean currents and could reach up to 20 km day−1 in September.
Many observations of the ice island were made in 1962 and 1963, and these
indicated that it entered Nares Strait sometime between December 1962 and
February 1963 (Nutt 1966). Upon entering the strait its motion accelerated to an
average of >2.5 km day−1, and as it drifted through the channel it rotated and occasionally became grounded and lodged. For example, its ends became stuck on
Ellesmere and Hans islands between February 28 and July 14, 1963, which had the
effect of blocking most of the sea ice export through Nares Strait at this time (Nutt
1966). By July 27, 1963, WH-5 had drifted at least 20 km south and broken into
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Fig. 11.8 Location of WH-5 ice island from calving to disintegration between 1961 and 1964
(Modified from Nutt (1966), with permission of the Arctic Institute of North America, Calgary)

three major pieces and many smaller pieces. Radio tracking beacons and oil drums
were placed on two of the pieces in August 1963, which indicated that they were
moving in a generally southerly direction (at speeds up to 16 km day−1 during strong
wind events), although this motion was occasionally interrupted by stagnant or even
slightly northward moving periods. Observations from the end of September
onwards indicated that the pieces were now making rapid southerly progress, with
aerial surveys in early 1964 finding sections scattered from the coast of Baffin Island
in January to Labrador and the Grand Banks by April (Fig. 11.8). This rapid drift
can be attributed to the Baffin and Labrador currents (Fig. 11.4; Nutt 1966), which
are also effective at transporting icebergs from Greenland to this region. In total, it
took <3 years from the time WH-5 calved to pieces of it reaching as far south as the
Grand Banks, almost 5000 km away.
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Summary

Ice islands which originate from the Canadian High Arctic can take three drift paths,
which we have termed Arctic Ocean Drift, Archipelago Drift and Nares Strait Drift.
Of these paths, Nares Strait Drift is the rarest, with only one recorded occurrence,
while Arctic Ocean Drift is the most common. It is also important to note that either
Archipelago Drift or Nares Strait Drift can occur after Arctic Ocean Drift, as the
Beaufort Gyre can return ice islands close to their original location. The route that
an ice island will take after calving is dependent on three primary factors: wind patterns, sea ice conditions and ocean currents.
Prevailing wind patterns are important as a direct driver of drift, with examples
provided by the southward movement of the Ayles and Hobson’s Choice ice islands
from the Arctic Ocean into Sverdrup and Peary channels after periods of strong
northerly winds. Another example is provided by WH-5, which appears to
have drifted against local ocean currents after initial calving due to the dominance
of westerly winds. In theory, ice islands will drift with a turning angle to the right
of surface winds due to the Coriolis effect and Ekman spiral (Wadhams 2000),
although there are few, if any, field measurements of ice islands to test this. In general, there are three reasons as to why winds have such a strong influence on drift
patterns:
1. Ice islands have large surface areas and side profiles on which winds can act.
2. Ice islands can become entrained in surrounding pack ice, whose movement is
strongly influenced by winds.
3. Winds can push pack ice away from shorelines creating open water areas in
which ice islands can drift.
In relation to this final point, it is clear that wind has a strong influence on sea ice
conditions, and that rapid ice island movements can typically only occur when there
are low sea ice concentrations. This is particularly true in the summer, when reduced
sea ice coverage makes the ice pack more susceptible to movement. Prevailing
winds tend to push sea ice against the NW coastline of the CAA (Alt et al. 2006),
which has the effect of closing all open water in this area. Consequently, for an ice
island to drift freely along this coastline, a change in the prevailing wind patterns
must occur to induce open water conditions. An example of this is provided by the
motion of Hobson’s Choice Ice Island close to Axel Heiberg Island, when the movement of pack ice away from the shoreline was followed by a rapid movement of the
ice island parallel to the coast (Sackinger et al. 1989). Another example is provided
by the Ayles Ice Island, which moved very little in summer 2006 when it was trapped
in sea ice against the coast of Ellesmere Island, yet moved rapidly in August 2007
when a reduction or reversal in the prevailing onshore winds allowed sea ice to
move away from the coastline (Fig. 11.6a, b). It is therefore clear that the effects of
wind action on sea ice may be a more important factor for ice island motion than
winds alone. Sea ice conditions also play a central role in determining ice island
movement in the fall and winter, as drift significantly slows as new ice develops, and
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stops when the pack ice completely consolidates near a coastline. Consequently,
many ice islands move little, if at all, during the winter months.
Ocean currents and dominant atmospheric circulation patterns influence ice
island drift both on the very large scale (Beaufort Gyre, Transpolar Drift) and on the
small scale (within the CAA). The initial westward drift experienced by all ice
islands reviewed here (except WH-5) is caused by the Beaufort Gyre, which is
driven by the anti-cyclonic winds common over this part of the Arctic Ocean. The
Beaufort Gyre can trap and circulate ice islands in the Arctic Ocean for decades
(e.g., T-3). For ice islands which follow this Arctic Ocean Drift path, they can only
escape these circuits if wind conditions are favourable for them to enter the
Transpolar Drift when they approach the North Pole (Li 1991). On the local scale,
ocean currents in the CAA have been shown to strongly influence where ice islands
drift once they have entered this region. For example, the rapid southerly movement
of Ice Island WH-5 was influenced by the strong currents in Nares Strait, while the
drift of Hobson’s Choice Ice Island was strongly influenced by the currents through
Peary and Queens Channels. In general, there is a net annual export of sea ice and
ocean water from the Arctic Ocean through the CAA (Kwok 2005, 2006; Alt et al.
2006; Howell et al. 2013; Fig. 11.4).
In terms of the lifespan of an ice island, this is highly dependent on the drift pattern that it takes. Ice islands which experience Arctic Ocean Drift typically survive
the longest (e.g., >35 years in the case of T-3), while those that undergo Archipelago
or Nares Strait Drift may only survive for a few years (e.g., <5 years for WH-5).
When drifting in the Arctic Ocean, summer surface melting accounts for approximately 1 m of surface ice loss per year, although this is somewhat dependent on latitude (Jeffries 1992a). For example, Smith (1961) found losses on T-3 of up to 1.35 m
a−1, and Schraeder (1968) measured surface melting of almost 1.0 m on ARLIS-II
one summer. Jeffries et al. (1988) found that between 1952 and 1973, surface melting contributed to a steady reduction in the thickness of T-3 from ~60 to ~30 m
(0.7 m year−1). Surface melting does not necessarily equate to ice loss, however, as
meltwater tends to pool in the troughs common on ice island surfaces, refreezing in
the winter. This pooling can also increase surface melt rates by up to twice compared to bare ice, as lower albedo water absorbs more energy than reflective ice.
Ice island decay can also occur due to side and bottom melting from contact with
warmer waters, particularly for ice islands that have drifted out of the Arctic Ocean
via ‘Archipelago Drift’ or ‘Nares Strait Drift’. This rate of melt is dependent on the
temperature and salinity of the waters surrounding the ice island, as well as the relative velocity of the feature and near-surface waters (Wadhams 2000). This is because
the melt from the ice island changes the temperature and salinity properties of the
surrounding waters, meaning that the ice island can escape the influence of its own
meltwater and lose mass more quickly if drift is fast, whereas melting is slowed if
drift is slow and the ice island is surrounded by its own meltwater. There are no
direct measurements of basal melt rates on ice islands, although the rapid disintegration of WH-5 once it drifted into relatively warm waters along Baffin Island
suggests that it can be significant for some drift paths.
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It may also be possible that ice islands can break apart due to a process termed
‘break-up by flexure’ (Wadhams 2000). In this scenario, ice islands can fracture due
to the flex strain they experience when coming into contact with long period ocean
swells and wave action. MacAyeal et al. (2006) argue that this was an important
influence in the breakup of iceberg B-15 in Antarctica, although this mechanism
would likely only be important for ice islands which have exited the Arctic Ocean
due to the moderating influence of the sea ice pack on ocean swells. Flexure is also
likely important when one part of an ice island becomes grounded, but the other part
is still floating. In this case, a ‘tide crack’ would develop at the boundary between
these areas and act as a weak point in the ice structure. Finally, ice island disintegration may also be caused by mechanical erosion via direct contact with the sea bed
in shallow waters (Wadhams 2000).

11.7

Conclusions

Given the resurgence of interest in oil development in the Beaufort Sea, it is clear
that we need a good understanding of ice island drift patterns to properly evaluate
the risks of collision with these structures. The review here outlines how ice islands
can take one of three different drift paths once they have calved from northern
Ellesmere Island, with winds, sea ice conditions and ocean currents providing primary controlling factors. Past ice islands have predominantly stayed in the Arctic
Ocean, although recent rapid reductions in sea ice may mean that future ice islands
will find it easier to enter the channels of the CAA. This is a factor to be taken into
account for the predicted increase in ship traffic through the NW Passage as it
becomes increasingly ice-free in summer. The recent ice shelf breakup events along
northern Ellesmere Island have produced more ice islands in the short term, although
fewer will be present in the long term as the remaining ice shelves are completely
lost.
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