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Abstract
Icebergs present a known hazard to ships operating in ice-infested waters. As iceberg production rates vary, potentially

compounded by climate change, it is becoming increasingly important to understand the extent to which icebergs pose navi-
gational hazards. In this study, we explore the relationship between historic ship tracks derived from Automatic Identification
System and iceberg drift locations obtained from in situ satellite trackers and the Canadian Ice Island Drift, Deterioration, and
Detection Database. Using an iceberg–ship coexistence index we quantify this relationship throughout the eastern Canadian
Arctic (ECA) from 2012 to 2019. Comparing 2012–2015 to 2016–2019, the total number of unique vessels operating in the ECA
more than doubled. At the same time, icebergs were consistently observed throughout the entire ECA, specifically in Nares
Strait, eastern Lancaster Sound, and east of Baffin Island. Regions where the largest increases in both icebergs and ships oc-
curred were along the east coast of Baffin Island and east of Bylot Island, most often involving dry bulk vessels, and in Smith
Sound between Ellesmere Island and NW Greenland involving passenger vessels. Recent reductions in the mean ice strengthen-
ing of ships operating in the ECA means the seriousness of any potential iceberg collision is likely increasing towards present
day.
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1. Introduction
Ship traffic throughout the Canadian Arctic Archipelago

(CAA) has more than tripled in recent decades, with the aver-
age number of voyages increasing from 104 year−1 from 1990
to 1994 to 381 year−1 from 2015 to 2019 (Dawson et al. 2022).
Many communities in the North are inaccessible by road and
therefore heavily reliant on shipping, meaning that the pri-
mary purpose of much of the shipping is related to resupply,
although many voyages are dedicated to mineral resource ex-
traction (Stephenson and Smith 2015; Dawson et al. 2018).
The greatest increase in ship traffic has been observed in Hud-
son Strait, where many mines are located on adjacent lands,
followed by the Beaufort Sea and Baffin Bay. While shipping
season length varies spatiotemporally throughout the CAA
(Haas and Howell 2015; Copland et al. 2021; Mudryk et al.
2021), the entrance of the Northwest Passage (NWP) in east-
ern Lancaster Sound has shown some of the most significant
increases in season length since 2007 (Cook et al. 2024). Since
1990, the fastest-growing shipping sector, by kilometres trav-
elled, has been pleasure crafts, such as recreational sailboats
and private yachts (Dawson et al. 2018).

Icebergs that calve from tidewater glaciers in the CAA
and western Greenland frequently drift into these same ar-
eas where ships are operating, including throughout Baf-
fin Bay, where the icebergs typically transit in a counter-
clockwise direction before drifting southwards along the east
coast of Canada (Valeur et al. 1996). There is a great deal
of inter-annual variability in terms of the number of ice-
bergs that reach the regions termed “Iceberg Alley,” i.e., the
area between Baffin Bay and the Grand Banks of Newfound-
land, which is a region that has several offshore oil plat-
forms and a large numbers of vessel movements (Sudom
et al. 2014). Icebergs within Iceberg Alley have been moni-
tored since 1913, one year after the sinking of the RMS Ti-
tanic following an iceberg collision on 14 April 1912. The
International Ice Patrol (IIP) works in conjunction with the
Canadian Ice Service (CIS) to monitor iceberg presence in
the North Atlantic Ocean and provide iceberg warnings
and charts to those navigating off the coast of Newfound-
land and Labrador. However, north of 60◦N in the east-
ern Canadian Arctic (ECA), ice charts lack detailed iceberg
information and only indicate that icebergs are present
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Fig. 1. Map of study area, including location of main ocean currents and historical ship-iceberg collisions from 1800 to 2023
(Hill 2010) throughout eastern Canada. Additional details on collisions are included in Table 1. Black dotted line shows the
iceberg chart limit of 60◦N, above which iceberg charts are not regularly issued. Dotted green line represents Canadian Coast
Guard NORDREG Zone (Justice Laws 2010). Glacier outlines: Randolph Glacier Inventory (RGI) 6.0 (RGI Consortium 2017). Pro-
jection: NAD83 / Statistics Canada Lambert.

with the broad designation of “bergy waters” (Fig. 1; CIS
2005).

The Arctic Ice Regime Shipping System and Polar Opera-
tional Limitation Assessment Risk Indexing System (POLARIS)
are used to manage operational limitations for ships in Arc-
tic Canada based on current sea ice conditions and level of
vessel ice strengthening. Presently, the ice numeral used in

POLARIS to assess risk only considers sea ice type and con-
centration, but not icebergs. The lack of inclusion of icebergs
in current navigational risk assessments in combination with
the remoteness of the Canadian Arctic, limited search and
rescue (SAR) capabilities (Ford and Clark 2019), and lack of
bathymetric data (Chénier et al. 2017), highlights the need for
improved long-term monitoring of icebergs and improved as-
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sessment of their potential risk to navigation (AC 2009; Arctic
Monitoring and Assessment Programme (AMAP) 2017; Kujala
et al. 2019; Dawson et al. 2022).

While several previous studies have focused on the rela-
tionships between sea ice and Arctic shipping (e.g., Pizzolato
et al. 2014, 2016; Dawson et al. 2018; Copland et al. 2021,
2022; Cook et al. 2024), there has been little analysis com-
pleted on characterization of iceberg–ship coexistence. This
study therefore presents the first known overview of spatial
and temporal patterns in iceberg–ship coexistence through-
out the ECA between 2012 and 2019. Using a comprehensive
database of Automatic Identification System (AIS) ship loca-
tions and a multi-year dataset of known iceberg drift tracks,
this study:

i) identifies spatial and temporal patterns in iceberg drift
and ship traffic throughout the ECA during the shipping
season (July–October);

ii) establishes areas of coexistence between icebergs and
ships; and

iii) quantifies changes in iceberg–ship coexistence along ECA
shipping routes from 2012 to 2019.

2. Study area

2.1. Baffin Bay
Baffin Bay is an oceanic basin located in the Arctic, connect-

ing the Arctic Ocean to Davis Strait and the Labrador Sea (Fig.
1). Sea ice and icebergs drifting in Baffin Bay are influenced by
two main ocean currents: the West Greenland Current (WGC)
and the Baffin Island Current (BIC). The WGC flows north-
ward along the west coast of Greenland until Smith Sound
where it bends westward, and then begins moving southward
along the eastern coast of Baffin Island, merging with the BIC
(Melling et al. 2001; Tang et al. 2004). Icebergs and sea ice can
be carried by this current around Baffin Bay and may even-
tually drift south past Davis Strait and into the Labrador Sea
(Valeur et al. 1996; Tang et al. 2004; Münchow et al. 2015).

In Baffin Bay, minimum sea ice cover occurs in September
when remaining sea ice is only present near the coast of Baf-
fin Island due to the relatively warm northward flowing WGC
in the east (Tang et al. 2004). Sea ice begins to form in mid-
October and is typically present in Baffin Bay throughout the
year, reaching a maximum cover in March when it extends
into Davis Strait (Valeur et al. 1996). Along the ECA coast, ice-
bergs can often become frozen in sea ice as they follow the
BIC close to the shores of Baffin Island (Marko et al. 1982;
Tang et al. 2004) and will remain static until the sea ice is
free to move again. Given the presence of sea ice through-
out Baffin Bay from approximately November to June (Tang
et al. 2004), we identify the shipping season as July to October
(Stephenson et al. 2013; Eguíluz et al. 2016).

2.2. NORDREG zone
The NORDREG zone (Fig. 1) is the region north of 60◦N

in the Canadian Arctic in which vessels above a certain size
threshold are required to report their position and vessel
characteristics (e.g., name, call sign) to the Canadian Coast-

guard. Other vessels (e.g., small pleasure crafts) may volun-
tarily report their position. It has been stated that approxi-
mately 98% of all ships operating in the NORDREG zone no-
tify the Canadian Coast Guard of their presence (Rompkey
and Cochrane 2008), even if not required to by law, in part
due to the advantages accompanied with reporting such as
enhanced SAR response (also see Johnston et al. 2017). Here,
we use the NORDREG zone to define the eastern and southern
extent of analysis for iceberg–ship coexistence.

3. Data

3.1. Ship collision with iceberg database
Since the sinking of the RMS Titanic, several collisions be-

tween icebergs and ships navigating the polar regions have
been documented, including the sinking of the Finnpolaris
cargo vessel in 1991 in Baffin Bay and the M/V Explorer pas-
senger vessel in Antarctica in 2007 (Fig. 1; Table 1). Hill (2010)
compiled a database of over 200 years of historical iceberg
and ship collisions throughout the northern hemisphere,
which is available for download (https://newicedata.com/the
-ship-iceberg-collision-database/). Collision details were com-
piled from a variety of sources, ranging from newspaper re-
ports and shipping gazettes to official inquiries. Based on
this database, a total of 42 ship iceberg collisions occurred
between 1800 and 2006 in our study area. We searched
the Transportation Safety Board Marine Safety Information
System (MARSIS) database between 2006 and 2023 (https:
//www.tsb.gc.ca/eng/stats/marine/data-6.html) to identify any
other collisions in our study area, but no additional colli-
sions were reported during that period. Ship-iceberg colli-
sions occurred throughout eastern Canada and are shown in
Fig. 1. Table 1 describes the vessel type, damage, and sever-
ity of each collision. Over 1/3 of all collisions resulted in
the sinking of a vessel and four incidents resulted in con-
firmed fatalities, most recently in 1975 with the sinking of
the Aigle d’Ocean in the Labrador Sea. A total of 8 collisions
have occurred since 1990, four of which were located north
of 72◦N.

3.2. Iceberg climatology
Data from a combination of in situ drift locations col-

lected through the deployment of satellite tracking beacons,
and the Canadian Ice Island Drift, Deterioration, and Detec-
tion (CI2D3) database, were compiled to create a climatol-
ogy of known iceberg locations in the ECA between 2008
and 2019. For analysis in subsequent sections, each dataset
is plotted on a 50 × 50 km grid to provide an overview of
patterns across the ECA. Both datasets are described further
below.

3.2.1. Iceberg Beacon Track Database (IBTD)

This study uses a dataset of iceberg tracks compiled from
beacons deployed by the Canadian Ice Service (CIS), along
with other government, academic, and industry collabora-
tors to characterize iceberg drift on a regional scale through-
out Baffin Bay, including Nares Strait, Lancaster Sound, and
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Table 1. List of historical ship–iceberg collisions from 1800 to 2023 (Hill 2010; Transportation Safety Board (TSB) 2023) through-
out the eastern Canadian Arctic.

No. Vessel name Vessel type Date Latitude (◦N) Longitude (◦W) Damage Fatalities

1 Thomas∗ Whaling Vessel 1812-01-01 65 55 No damage No

2 Royalist∗ Whaling Ship 1814-04-05 61.07 56.13 Sinking Yes

3 London∗ Whaling Vessel 1817-01-01 60 56 Sinking Yes

4 Prince of Wales∗ Sailing Ship 1821-07-24 61.42 65.12 Hole Unknown

5 Progress Whaling Brig 1830-07-02 75.1 60.3 Sinking Unknown

6 Terror, HMS Sailing Bomb Vessel 1837-07-13 63 75.3 Puncture No

7 Intrepid, HMS Steam Discovery Sloop 1851-08-27 76 80 Denting Unknown

8 Advance USS Brigantine 1853-08-21 78.36 71.5 Unknown No

9 Fluorine∗ Bark 1882-10-01 60.02 50.04 Denting Unknown

10 Alumina Bark 1884-05-01 59.55 50 Sinking Unknown

11 Alert∗ HMS Sloop (powered) 1884-08-01 73 65 No damage No

12 Ethel Sailing Vessel 1908-07-25 57.34 61.23 Sinking Unknown

13 Snowdrop Whaling Vessel 1908-09-18 62.54 64.3 Sinking Unknown

14 Erik∗ Wooden Steamer 1908-09-21 55.2 59 Denting Unknown

15 Hugo∗ Steam Schooner 1927-05-05 59.3 52 Sinking Yes

16 Bright Fan SS Cargo 1932-10-01 62.09 71.23 Sinking No

17 Maia∗ Schooner 1933-10-11 57.2 54.45 Sinking Unknown

18 Saint Coulomb∗ Fishing Schooner 1935-04-11 57.3 55 Sinking Unknown

19 Maria Preciosa∗ M/V Fishing Vessel 1944-06-14 62.15 60.15 Sinking Unknown

20 Sappa Creek∗ M/V Tanker 1951-08-01 75 66 Crushed Unknown

21 Rio Caima∗ M/V Fishing Schooner 1952-09-01 62 60 Sinking Unknown

22 Kastela SS Cargo 1963-08-03 62.45 78.1 Sinking No

23 Westwind, USCG∗ Cutter 1970-07-01 72 65 Unknown No

24 Aigle d’Ocean M/V Cargo 1975-08-20 60.27 64.59 Sinking Yes

25 Arctic M/V Bulk Carrier 1978-10-17 72.08 64.25 Hole Unknown

26 Escort Protector M/V Tug 1979-06-10 55.15 58.56 Unknown Unknown

27 Pacnorse I Drillship 1982-07-25 55.35 57.45 Cracks Unknown

28 Kristina Logos M/V Stern Trawler 1983-06-22 56.17 58.4 Hole No

29 Mesange M/V Cargo 1983-07-21 61.17 64.22 Hole No

30 Evangelia C M/V Bulk Carrier 1984-07-31 61.3 67.15 Unknown Unknown

31 Ocean Prawns∗ M/V Stern Trawler 1984-08-16 60 60 Sinking No

32 Lucien Paquin∗ M/V Cargo 1985-07-20 61.25 65.3 Denting No

33 Terra Nova M/V Cargo 1989-07-31 75.12 60.46 Unknown Unknown

34 Des Groseilliers CCGS Icebreaker 1989-08-29 66.34 61.4 Unknown No

35 Terra Nova M/V Cargo 1990-10-03 73.48 78.04 Puncture No

36 Finnpolaris M/V Cargo 1991-08-11 71.59 59.52 Sinking No

37 Hubert Gaucher M/V Product Tanker 1991-08-31 76.42 89.44 Cracks Unknown

38 Alla Tarasova Cruise/Passenger 1995-07-19 63.05 67.42 Small puncture No

39 Reduta Ordona M/V Bulk Carrier 1996-07-21 61.28 66.38 Large hole No

40 Lucien Paquin M/V Cargo 1998-08-20 68.46 63.03 Unknown Unknown

41 Arctic Viking M/V Cargo 1998-10-01 72.59 80.32 Denting Unknown

42 Louis S. St-Laurent, CCGS Icebreaker 2001-08-17 80.07 69.53 No damage No

Note: His/Her Majesty’s Ship (HMS), Canadian Coast Guard Ship (CCGS), United States Coast Guard (USCG) ∗Location estimated.

Davis Strait. This dataset is publicly available at the Polar
Data Catalogue (PDC) (Garbo et al. 2025). Of the 40 beacons
used in this study, we deployed 25 between July and Septem-
ber each year from 2016 to 2019 onto icebergs throughout
the ECA (Dalton et al. 2025). These beacons were deployed by
helicopter from the CCGS Amundsen onto icebergs and ice is-
lands and transmitted their position using the Iridium satel-
lite network. Iceberg drift tracks from the Iceberg Beacon

Track Database were identified for use from 2012 to 2019,
selected based on the following criteria:

i) observations were located within the NORDREG zone;
ii) observations occurred during the shipping season (July–

October);
iii) observation transmission interval did not exceed 6 h; and
iv) drift track duration was ≥ 10 days.
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Drift tracks were limited to the NORDREG zone north of
60◦N, which extends approximately from Nares Strait to the
Labrador Sea. Beacons which transmitted data for fewer than
10 days, or which had a transmission interval exceeding
6 h, were excluded due to their limited coverage. Observa-
tions were plotted based on the number of times a unique
iceberg tracking beacon was present within each 50 × 50 km
grid cell.

3.2.2. Canadian Ice Island Drift, Deterioration,
and Detection (CI2D3) Database

Ice islands are large, tabular icebergs that calve from ice
shelves and floating ice tongues in the Arctic (Dowdeswell
and Jeffries 2017). The flux of ice island fragments from
ice tongues on northwestern Greenland was quantified by
Desjardins et al. (2018) using synthetic aperture radar (SAR)
imagery from the CIS archive of RADARSAT-1 and -2 scenes
between July 2008 and December 2013. This dataset is pub-
licly available at the PDC (https://www.polardata.ca/pdcsear
ch/PDCSearch.jsp?doi_id=12678). Ice islands were manually
digitized as polygons between northwestern Greenland (Pe-
termann, Ryder, Steensby, and C.H. Ostenfeld glaciers) and
Newfoundland. The use of repeat imagery allowed for re-
observation of >900 individual ice islands and fragments
totalling >25 000 positions. For the purpose of this study,
we limit the ice island observations to the NORDREG zone
north of 60◦N and during the shipping season (July–October;
Fig. 2).

To analyze the spatial distribution of ice islands and the
hazard they represent to ship traffic, we considered all ice
islands that were first observed calving from ice tongues or
were found in the open ocean. These ice islands were given
a unique identifier, which was retained during subsequent
observations, to avoid including repeat observations in our
analysis. As smaller fragments broke away from these ice is-
lands, they were given a new unique identifier, and so on. We
then counted the number of unique ice islands that were ob-
served within each of the 50 × 50 km grid cells, to create an
iceberg climatology of known ice island locations through-
out the ECA from 2008 to 2013. These results from the CI2D3
database were then added to the database of known iceberg
drift tracks described in the previous section to characterize
the distribution of known iceberg drift locations throughout
the ECA.

3.3. AIS ship data
Most vessels operating in Canadian waters are equipped

with AIS transponders, which send messages to terrestrial
(land-based) (T-AIS) and satellite (S-AIS) receivers (Nicoll et al.
2024). These messages provide voyage information, includ-
ing position, speed, course, vessel name, size, and destina-
tion. There are two types of AIS transponders, Class A and
Class B. Class A transponders broadcast messages more fre-
quently and at a stronger transmission power than Class B
transponders, resulting in Class A messages being more eas-
ily received. As per regulation 19 of the International Con-
vention for the Safety of Life at Sea (SOLAS) Chapter V (31

December 2004), the following vessels are required to carry
Class A transponders internationally:

i) vessel is 150 gross tons or more, is carrying more than 12
passengers, and is engaged on an international voyage;

ii) vessel is 300 gross tons or more and is engaged on an
international voyage (excluding fishing vessels);

iii) vessel is 500 gross tons or more and is not engaged on an
international voyage (excluding fishing vessels); or

iv) vessel is certified to carry more than 12 passengers, or is
eight or more metres in length and is carrying passen-
gers.

Class B transponders are voluntary and are generally
equipped on smaller vessels such as pleasure craft and fish-
ing boats. This study uses S-AIS data transmitted by Class A
and B transponders provided by exactEarth Ltd. (Spire, 2023),
and processed courtesy of The Marine Environmental Obser-
vation, Prediction and Response Network (MEOPAR). Given
that Class B transponders are voluntary for smaller vessels,
they may be underrepresented in this dataset. However, as
Class B transponders have become more affordable in recent
years, it is possible that increases in small vessel traffic (e.g.,
pleasure crafts) could be due in part to an increase in small
vessels using AIS transponders (Nicholl 2024). For this anal-
ysis, positional AIS messages from the NORDREG zone (i.e.,
north of 60◦N) were converted into spatial points using a cus-
tom Python script and stored in a geodatabase by year, follow-
ing the methodology of Nicoll et al. (2024). Points with invalid
Maritime Mobile Service Identity (MMSI; unique nine-digit
identifier outside the range of 201 000 000 to 775 999 999)
were removed. Known ship location points were then con-
verted into track lines using NOAA’s Track Builder tool. For
each MMSI, the track lines were generated from points where
the next point was within 80 km and 5 h. These thresholds
were chosen based on the inconsistent nature of AIS message
transmission and reception within remote regions of the Arc-
tic. Where points exceeded these values, a new vessel track
line was produced, creating independent vessel transits over
time.

There are ten types of vessels operating in the ECA that
were used in this report (Table S1). Additional correspond-
ing static vessel information (e.g., MMSI, ship name, ship
type) was collected from a combination of online sources
(e.g., MarineTraffic.com, MyShipTracking.com, and Industry
Canada). Unique number of vessels (MMSI) per 50 × 50 km
grid cell was plotted to display the spatial and temporal dis-
tribution of vessel traffic throughout the ECA during the ship-
ping season (July–October) between 2012 and 2019.

4. Methods

4.1. Iceberg ship coexistence index (ISCI)
To quantify the overlap between known iceberg and ice is-

land drift locations and vessel traffic throughout the ECA, we
computed an Iceberg Ship Coexistence Index (ISCI). The num-
ber of unique observations within each grid cell for the ice-
berg beacon track and CI2D3 databases were first summed
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Fig. 2. Location of iceberg tracks (2012–2019) and Canadian Ice Island Drift, Deterioration, and Detection (CI2D3) Database
(2008–2013) ice island fragment observations across the eastern Canadian Arctic used in this study. Projection: NAD83 / Statis-
tics Canada Lambert.

(2008–2019) for all months of the shipping season (July–
October) to create a climatology of known iceberg and ice
island occurrences throughout the ECA. The ISCI was then de-
termined by multiplying the iceberg climatology (i.e., unique
number of iceberg track and CI2D3 Database observations
per 50 × 50 km grid cell for 2008–2019) by the number of ves-
sel trips within that grid cell. For analysis, we then calculated
the average annual ISCI for two time periods, 2012–2015 and
2016–2019.

It should be noted that the ISCI provides a conservative es-
timate of iceberg–ship coexistence as we only have a partial

measure of the number of icebergs in our study area; how-
ever, the spatial patterns in our iceberg climatology likely
provides a realistic measure of their relative distribution as
they are based on a large number of observations. Iceberg
and ice island observations are used in this study as a clima-
tology, which we assume describes average conditions and
locations of icebergs throughout the shipping season. In our
analysis, observations from the iceberg climatology are fixed,
resulting in any changes in ISCI being solely due to changes
in the number and distribution of ships throughout the
ECA.
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5. Results

5.1. Known iceberg locations: 2008–2019

5.1.1. IBTD

A total of 40 beacons transmitted their position during
the shipping season throughout the ECA (Fig. 3A). The high-
est concentration of tracked icebergs occurred in the area
north of 65◦N along the east coast of Baffin Island and into
Nares Strait. Observations south of this point are limited,
with the exception of the area on SE Baffin Island near Qik-
iqtarjuaq and into Davis Strait (Fig. 1), where icebergs com-
monly become grounded and remain in a single location for
long periods of time. The greatest concentration of beacons
was throughout Nares Strait and in eastern Lancaster Sound,
with the maximum number of nine beacons per 50 × 50 km
grid cell transmitting in Kane Basin and in Smith Sound near
Coburg Island.

5.1.2. CI2D3 database

In total, 452 unique ice islands were detected during the
shipping season (July–October) from 2008 to 2013 (Fig. 3B).
During the observation period, the distribution of ice is-
lands extended throughout the ECA from northern Nares
Strait, and into the entrance of Hudson Strait. Ice islands
also drifted into the entrance of Lancaster Sound. The high-
est concentration of observations reached a maximum of 48
in one grid cell in Smith Sound near SE Ellesmere Island.
Over the entire period, ice islands drifted south along the
east coast of Baffin Island, often entering narrow inlets and
fiords.

5.2. Shipping traffic: 2012–2019

5.2.1. Temporal patterns

Between 2012 and 2019, the total annual number of unique
ships operating in the ECA more than doubled from 108 to
271 (Table 2; Fig. 4). Overall, the unique number of individ-
ual ships increased by 22.4 per year (R2 = 0.85, p < 0.05)
between 2012 and 2019. While increases were observed in
nearly every type of vessel, the greatest changes were seen in
dry bulk, pleasure crafts, passenger vessels, and other/special
ships while container, government/research, and tanker ves-
sel types remained largely consistent from 2012 to 2019 with
inter-annual fluctuations. The number of dry bulk vessels
more than tripled from 13 in 2012 to 46 in 2019, while the
number of other/special ships and pleasure crafts increased
by 307% and 571%, respectively.

There was also a clear increase in the number of vessels
operating in the ECA since 2016 (Fig. 5). From 2012 to 2015,
the total number of unique ships increased from 108 to 134,
while from 2016 to 2019 the total number of unique ships
increased from 134 to 271, indicating a recent influx of new
traffic to the ECA.

5.2.2. Spatial patterns

5.2.2.1. All vessel types
There has been a clear shift in spatial distribution of vessel

traffic between 2012 and 2019. The total number of trips by
all vessels increased from 6570 between 2012 and 2015 (Fig.
5A) to 10966 between 2016 and 2019 (Fig. 5B). The area with
the greatest observed increase in traffic occurred along the
east coast of Baffin Island and into Pond Inlet towards the
entrance of Lancaster Sound, where many vessels are travel-
ling to Pond Inlet for community resupply and cruise ship
visits, and to adjacent Milne Inlet to load iron ore produced
from the Mary River Mine. Traffic from Davis Strait through
Hudson Strait remained largely consistent from 2012 to 2019.
Given the increase in the unique number of vessels operating
in the ECA from 2012 to 2019 and historical precedent for
collisions (Fig. 1; Table 1), we focus our analysis on dry bulk,
cargo, pleasure crafts, and passenger vessels.

5.2.2.2. Dry bulk
From 2012 to 2019, there was a marked shift in navigation

of dry bulk vessels throughout the ECA. In 2012, a total of
13 unique dry bulk vessels operated in the ECA, compared to
46 by 2019 (Table 2). From 2012 to 2015, the number of trips
taken by dry bulk vessels reached a maximum of 326, concen-
trated mainly throughout Hudson Strait (Fig. 6A). From 2016
to 2019, dry bulk traffic through Hudson Strait decreased and
1438 trips were recorded, predominantly along the east coast
of Baffin Island into Pond Inlet, with a particularly large in-
crease since 2018 when Mary River Mine reached full produc-
tion (Fig. 6B).

5.2.2.3. Cargo
Cargo vessels were involved in 7 of the 16 collisions be-

tween ships and icebergs since 1980 (Table 1; Fig. 1). The
number of unique cargo vessels operating in the ECA more
than doubled from 13 in 2012 to 28 in 2019. Between 2012
and 2015, cargo vessel traffic totalled 1107 trips and was dis-
tributed across the ECA, with the highest number of trips oc-
curring through Hudson Strait (Fig. 6C). Between 2016 and
2019, the number of trips increased to 1487, with a greater
concentration of trips occurring along the east coast of Baf-
fin Island, and into Pond Inlet and the entrance to Lancaster
Sound (Fig. 6D).

5.2.2.4. Pleasure crafts
From 2012 to 2019, the unique number of pleasure crafts

operating in the ECA more than tripled from 14 to 43 per
year (Table 2). Between 2012 and 2015, pleasure craft traf-
fic was dispersed throughout the ECA, with 816 trips oper-
ating throughout Baffin Bay, Lancaster Sound, and into Hud-
son Strait (Fig. 6E). By 2016–2019 the total number of trips
had only increased to 864, with a decrease in traffic through
Hudson Strait and instead a concentration throughout the
entrance to the Northwest Passage, reaching between 50 and
100 trips over the same period near Pond Inlet and Lancaster
Sound (Fig. 6F).
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Fig. 3. (A) Unique number of icebergs tracked between 2012 and 2019 and (B) unique number of ice island observations between
2008 and 2013, per 50 × 50 km grid cell. Projection: NAD83 / Statistics Canada Lambert.

Fig. 4. Unique number of individual ships operating in the eastern Canadian Arctic by all vessel types from 2012 to 2019.
Dashed line represents the trend line over time.

5.2.2.5. Passenger vessels
The unique number of passenger vessels increased from 7

to 17 between 2012 and 2019 (Table 2; Fig. 4). During the ear-
lier period, 2012–2015, these vessels accounted for 441 trips

which, similar to pleasure crafts, were distributed through-
out the ECA. This included navigation through Hudson Strait,
along the east coast of Baffin Island, and into Lancaster Sound
and the Northwest Passage (Fig. 6G). From 2016 to 2019 the
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Fig. 5. Total number of vessel trips per 50 × 50 km grid cell for: (A) 2012–2015, and (B) 2016–2019 throughout the shipping
season (July–October). Projection: NAD83 / Statistics Canada Lambert.

total number of trips decreased slightly to 406, but traffic be-
came more concentrated in the area around Bylot Island and
the Northwest Passage.

5.3. Iceberg ship coexistence index (ISCI)

5.3.1. All vessel types

For all vessel types over the periods 2012–2015 and 2016–
2019, annual ISCI showed similar spatial patterns, with max-
imum values occurring along the east coast of Baffin Island
(Fig. 7). Moderate values occurred in the entrance to Lancaster
Sound and Jones Sound, and around Bylot Island, with values
decreasing further east into Baffin Bay and north into Nares
Strait.

5.3.2. Individual vessel types

For each individual vessel type, we calculated the differ-
ence in annual ISCI between the earlier, 2012–2015, and later
2016–2019, time periods (Fig. 8). For dry bulk vessels (Fig. 8A),
coexistence between icebergs and vessels was limited to the
east coast of Baffin Island and the entrance of Hudson Strait.
The greatest increase in ISCI (504) was observed along the east
coast of Baffin Island and east of Bylot Island.

For cargo vessels (Fig. 8B), coexistence of icebergs and ves-
sels extended from southern Ellesmere Island to Hudson
Strait with increases in most regions. The greatest increase

in ISCI (105) occurred within Lancaster Sound, and reached
∼57 in the area east of Bylot Island and along the coast of
Baffin Island.

The coexistence of icebergs and pleasure crafts was ob-
served from southern Kane Basin to Hudson Strait (Fig. 8C).
Overall, average annual ISCI decreased from 2012–2015 to
2016–2019 in Davis Strait and along the east coast of Baffin
Island and in northern Baffin Bay/Smith Sound. The largest in-
crease in average annual ISCI, from 108 to 284, was observed
in Lancaster Sound.

Coexistence between icebergs and passenger vessels was
observed between northern Nares Strait and Hudson Strait
from 2012 to 2019 (Fig. 8D). Overall, ISCI increased along the
coast of Baffin Island, Devon Island, and within Jones Sound.
However, there were marked regional differences: in south-
ern Baffin Bay and Davis Strait, average annual ISCI decreased
by up to 30. In contrast, in areas to the north of Bylot Island
and in Smith Sound and east of Ellesmere Island, increases
in average annual ISCI ranged from reached 133, nearly dou-
bling near Jones Sound.

6. Discussion
Historically, interactions between ships and icebergs in the

ECA have resulted in outcomes ranging from no damage to
sinking resulting in loss of life (Table 1). Iceberg ship colli-
sions since 1800 have occurred in most regions of the ECA,
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Fig. 6. Total number of vessel trips per 50 × 50 km grid cell for: (A, B) dry bulk, (C, D) cargo, (E, F) pleasure, and (G, H) passenger
vessels for 2012–2015 and 2016–2019, respectively. Projection: NAD83 / Statistics Canada Lambert.
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Table 2. Total number of individual ships operating in the eastern Canadian Arctic by vessel type from 2012 to 2019.

Vessel type 2012 2013 2014 2015 2016 2017 2018 2019 Total

Cargo 13 11 13 12 12 15 20 28 124

Container 0 2 4 0 0 2 0 0 8

Dry bulk 13 16 13 19 20 24 37 46 188

Passenger 7 10 8 11 11 12 21 17 97

Fishing 18 26 27 27 31 40 38 43 250

Government/research 16 15 16 20 16 27 19 18 147

Others/special ships 7 5 5 10 5 23 41 40 136

Pleasure crafts 14 12 22 15 23 20 20 43 169

Tanker 11 13 11 12 10 13 15 14 99

Tugs/port 9 10 6 8 6 13 19 22 93

Total 108 120 125 134 134 189 230 271

Fig. 7. Average annual iceberg ship coexistence index (ISCI) for: (A) 2012–2015 and (B) 2016–2019 for all ship types. Projection:
NAD83 / Statistics Canada Lambert.

from Nares Strait to Davis Strait (Fig. 1; Hill 2010). In this
study, we combined the two most comprehensive datasets
available of iceberg and ice island locations throughout the
ECA to produce a climatology of known iceberg presence
between 2008 and 2019. While the iceberg climatology pre-
sented here is limited both spatially and temporally given
the challenges involved in tracking icebergs using in situ
and remote sensing methods, it provides the first assess-
ment of iceberg distribution throughout the ECA. From these
results, it is clear that ships have consistently been navi-
gating through areas of known iceberg and ice island loca-
tions between 2012 and 2019. Here, we provide the first es-
timation of the coexistence of icebergs and ships through-

out the ECA, quantify how coexistence has changed dur-
ing 2012–2019, and present considerations for future navi-
gation.

6.1. Presence of icebergs throughout the ECA
Production of icebergs from glaciers in the CAA has re-

mained relatively consistent in the recent past, with frontal
ablation (i.e., primarily iceberg production, as well as sub-
aerial frontal melting and sublimation, and subaqueous
frontal melting) accounting for ∼4.28 ± 1.18 Gt a−1 of mass
loss over the period 2010 to 2020, compared to ∼4.14 ± 1.11
Gt a−1 from 2000–2010 (Kochtitzky et al. 2022). In western

FA
C

E
T

S 
D

ow
nl

oa
de

d 
fr

om
 w

w
w

.f
ac

et
sj

ou
rn

al
.c

om
 b

y 
70

.2
6.

67
.2

50
 o

n 
11

/2
4/

25

http://dx.doi.org/10.1139/facets-2024-0232


Canadian Science Publishing

12 FACETS 10: 1–16 (2025) | dx.doi.org/10.1139/facets-2024-0232

Fig. 8. Difference in average annual Iceberg Ship Coexistence Index (ISCI) from 2012–2015 to 2016–2019 for: (A) dry bulk, (B)
cargo, (C) pleasure, and (D) passenger vessels. Note the difference in scales. Projection: NAD83 / Statistics Canada Lambert.

Greenland, ice discharge from tidewater glaciers into Baffin
Bay and surrounding waters has increased recently, totalling
∼76 Gt a−1 from 2010 to 2018, compared to ∼47 Gt a−1 from
2000 to 2010 (Mouginot et al. 2019; Mankoff et al. 2020). Ice-
bergs have both an above-water (sail) and below-water (keel)
portion and can range in size from smaller fragments called
growlers (<5 m length) and bergy bits (5 to <15 m length) to

large tabular ice islands several km2 in area (Bigg et al. 1996;
CIS 2005). In the ECA, icebergs can often become frozen in sea
ice in the winter as they follow the shore of eastern Baffin Is-
land, posing a threat to ships, as they are difficult to detect
within the sea ice pack (Marko et al. 1982; AC 2009).

Ice islands, very large tabular icebergs, are discharged
episodically through the disintegration of ice shelves and ice
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tongues For example, Petermann Glacier in NW Greenland
underwent five major calving events from the floating glacial
ice tongue at its terminus between 1959 and 2012, produc-
ing large ice islands on the order of 100 km2 (Johannessen
et al. 2013). Given the frequency of major events like these
over the last several decades, the presence of ice islands and
ice island fragments throughout the ECA is episodic. These
events are likely to diminish given the significant loss of ice
shelves in northern Greenland since the 1990s (Higgins 1991;
Falkner et al. 2011) and from the CAA since the early 20th cen-
tury (Mueller et al. 2017; White and Copland 2019). When ice
islands are present in the ECA they are considered hazards
to navigation, as well as a potential medium-term source of
additional icebergs as fragments calve from the main pieces
(Scambos et al. 2005; 2008; Wagner et al. 2014; Crawford et
al. 2016). For example, ice island PII-B which calved from Pe-
termann Glacier in 2010, produced 3.8 Gt of ice island frag-
ments over 22 months during periods of drift and grounding
(Crawford et al. 2016). Ice islands are capable of providing a
source of icebergs to areas where few tidewater glaciers exist
that would regularly produce icebergs, such as eastern Baffin
Island (Van Wychen et al. 2015; Crawford and Mueller 2022).

Icebergs and ice islands identified in this study using satel-
lite tracking beacons and remote sensing methods were ob-
served to consistently drift south from Nares Strait along the
east coast of Baffin Island, with frequent intrusions into Jones
Sound, eastern Lancaster Sound, and Hudson Strait (Marko
et al. 1982). The greatest concentration of ice island frag-
ments was located within Nares Strait and Smith Sound, as
their drift is restricted by topographic constraints between
Ellesmere Island and Greenland (Fig. 4).

6.2. Navigation of vessels throughout the ECA:
2012–2019

Shipping throughout the CAA is dependent on environ-
mental factors such as sea ice conditions and the length of the
open water season. It is also controlled by demand, as ship-
ping in the CAA is primarily destinational and vessels which
navigate this region are there for a purpose such as resource
extraction, community resupply, or tourism (Stephenson et
al. 2015). Ships navigating within the Arctic are equipped
with varying classifications of hull strengthening which al-
lows them to operate in a range of ice conditions. Highly ice
strengthened vessels such as icebreakers can operate in year-
round sea ice conditions, including through floes with multi-
year sea ice inclusions. Medium strength vessels, commonly
cargo vessels, bulk carriers and some passenger ships, op-
erate in summer and autumn conditions including through
thin first-year sea ice with some multiyear ice inclusions,
whereas minimally ice strengthened vessels such as pleasure
crafts are designed for operation in mostly open water condi-
tions with little to no ice presence (Dawson et al. 2022).

Overall, shipping traffic throughout the ECA increased
both in number of unique vessels operating and the total
number of trips taken by vessels between 2012–2015 and
2016–2019. Of the four specific vessel types highlighted in
this study, the greatest overall increases in unique numbers
were observed for dry bulk vessels, which nearly tripled be-

tween 2012 and 2019, and pleasure crafts, which more than
tripled over the same period. While there was little increase
in the number of trips taken by pleasure crafts from 2012 to
2019, trips by dry bulk vessels more than tripled with oper-
ations concentrated along the east coast of Baffin Island and
towards Pond Inlet. Increases in unique number of ships was
also observed in both cargo ships and passenger vessels. Con-
sistent with the results of previous studies (Johnston et al.
2017; Dawson et al. 2018, 2022), while the number of trips
taken by pleasure and passenger vessels throughout the ECA
remained relatively stable over time, the unique number of
vessels more than doubled, with vessels beginning to oper-
ate more northward than before. Our results indicate that
not only did existing ships operating in the ECA take more
trips from 2016 to 2019 compared to 2012–2015, but that new
vessels have begun operating in these areas and extending
their range northward into Nares Strait and westward into
the Northwest Passage.

While icebergs are considered potential hazards for all ves-
sels navigating in the Arctic, they are of particular concern
for vessels with minimal or no ice strengthening. Overall, the
average annual voyage count of ships with no ice strength-
ening operating in the NORDREG zone increased by 3300%
between 1990 and 2019 (Dawson et al. 2022). Dawson et al.
(2022) also found that in addition to the influx of new pas-
senger, dry bulk, and cargo vessels operating in more north-
ern regions of the ECA, the ice strengthening of these vessels
had decreased between 1990 and 2019. Spatially, traffic of dry
bulk vessels shifted out of Hudson Strait from 2012 to 2015
to almost exclusively along the east coast of Baffin Island in
2016–2019, where icebergs and ice islands are known to drift,
resulting in an increase in the ISCI in the same region from
2012–2015 to 2016–2019. Due to cargo and passenger vessel
traffic (with generally medium to minimal ice strengthening;
Dawson et al. 2022) increasing in northern Baffin Bay and the
entrance to the Northwest Passage, the ISCI also increased in
these regions as icebergs are known to drift within eastern
Lancaster Sound (Marko et al. 1982; Dalton et al. 2025) before
continuing south along Baffin Island. Icebergs and ice islands
which calve from NW Greenland (e.g., Petermann Glacier)
and the QEI typically drift south through Smith Sound, often
times becoming temporarily grounded near Coburg Island
(Crawford and Mueller 2023). The greatest increase in ISCI in
Smith Sound was observed for passenger vessels, which, as
of 2016–2019, have begun operating in higher rates in more
northern regions compared to 2012–2015.

6.3. Considerations for coexistence of icebergs
and ships in the ECA

Glaciers from Greenland and the CAA remain a continu-
ous source of icebergs for Baffin Bay (Kochtitzky et al. 2022),
while vessels operating throughout the region over the past
decade have changed both in quantity and the total number
of trips taken, during which their level of ice strengthening
has been reducing (Dawson et al. 2022). The Ice Navigation in
Canadian Waters Manual is published by the Canadian Coast
Guard and the CIS and provides operational requirements
and guidelines for vessels operating within Canadian waters.
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This manual identifies icebergs and their fragments, espe-
cially growlers and bergy bits, as extreme local hazards to ves-
sels operating in ice infested waters. Glacial ice is very hard
and severe damage can result from collision with a ship (CCG
2022). While the use of AIS transponders has become use-
ful for differentiating between ships and icebergs (ABS 2016),
ship radar cannot be solely relied upon for iceberg detection
due to variable iceberg geometry and environmental condi-
tions such as heavy snow, fog, and high waves (CCG 2022).
Additionally, icebergs drifting or frozen within a sea ice pack
can result in the formation of leads (open water areas) down-
stream of the iceberg (Hunke and Comeau 2011). While sea
ice leads can offer a navigable passage for surface vessels, they
can end suddenly at an iceberg, bergy bit, or growler (CCG
2022).

Although icebergs have been widely identified as posing
a significant hazard to ships operating in the Arctic (ABS
2016; CCG 2022), few formal recommendations exist about
navigation in iceberg-infested waters with the exception of
planning routes through polar waters that take into account
the current extent and type of icebergs in the vicinity of the
planned route. However, ice charts produced for the CAA
tend to broadly classify the limit of icebergs as “bergy wa-
ters,” with little to no information on size, shape, or specific
location. Presently, iceberg charts produced by CIS and the
IIP only provide detailed information on iceberg conditions
through shipping lanes south of 60◦N.

The ISCI presented here indicates that the coexistence of
icebergs and ships occurs for nearly all regions of the ECA
north of 60◦N. For dry bulk vessels from 2012–2015 to 2016–
2019, which typically have minimal to medium ice strength-
ening (Dawson et al. 2018), average annual ISCI increased by
up to 2700% in areas along the east coast of Baffin and Bylot Is-
lands. For passenger vessels, ISCI has increased not only along
the east coast of Baffin Island, but also in Smith Sound, as
traffic from these vessel types moves northward. As shipping
traffic increases through the ECA, the findings of this study
clearly indicate the need for additional monitoring and re-
porting of iceberg and ice island locations for shipping lanes
in the ECA.

7. Conclusion
Using a climatology of known iceberg drift locations in

combination with AIS ship location data, we provide the
first known quantification of the coexistence between ships
and icebergs throughout the ECA. While we cannot conclude
from this study that iceberg presence has increased through-
out the ECA from 2012 to 2019, it is clear from our results
that the number of unique ships and voyages has increased
over this period. We are therefore able to use the ISCI to
assess the changing relative likelihood of iceberg and ship
coexistence throughout the ECA. This climatology indicates
that icebergs and ice islands are consistently present during
the shipping season throughout Nares Strait, eastern Lan-
caster Sound, and within Baffin Bay following the east coast
of Baffin Island. When we look at the coexistence of ships
and icebergs throughout the ECA between 2012 and 2019,
our findings show that the greatest increases occurred along

the east coast of Baffin Island, eastern Lancaster Sound, and
Smith Sound. In particular, the coexistence of dry bulk and
cargo vessels and icebergs has increased along the east coast
of Baffin Island and east of Bylot Island. For passenger ves-
sels, the greatest increases in coexistence were observed in
Smith Sound, as operation by these types of vessels moves
northward.

Icebergs present a known hazard to navigation in the Arc-
tic around which ship operators are recommended to take
caution. Operators are encouraged when planning to mark
areas known to have significant concentrations of icebergs
on charts, such as off the coast of Greenland (CCG 2022). The
results of this study could be used in the planning stage to ex-
pand areas of known iceberg drift and grounding in the ECA.
The hazards posed by icebergs to ships is likely increasing
over time due to the observed recent increases in the num-
ber of vessels operating in the ECA, with the seriousness of
any potential collision also increasing due to the recent re-
duction in mean ice strengthening observed in vessel types
such as dry bulk, passenger, and pleasure crafts (Dawson
et al. 2022). For vessels such as passenger ships, icebergs
are also presented as an attraction or feature during naviga-
tion, so these vessels sometimes purposely navigate close to
them.

Considering these increases in shipping navigation
through areas of known iceberg presence, it is impor-
tant to address issues that may arise with potential future
increases in vessel traffic. Given the existing framework for
iceberg analysis off the Newfoundland and Labrador coasts,
it is recommended that iceberg charts be expanded to cover
primary shipping lanes in the ECA during the shipping
season. By including detailed analysis of iceberg location
and size, icebergs could then be included in the ice numeral
calculation for POLARIS, further refining the estimate of risk
to ships navigating in the ECA.

The results of this study highlight the need for improved
iceberg monitoring, both in situ for validation of iceberg
drift forecast models, and through remote sensing, to al-
low for greater spatial and temporal coverage of their dis-
tribution. Collection of data on environmental variables
through known iceberg areas will help us to better under-
stand the forces controlling their drift and deterioration,
especially through shipping lanes in the ECA. This study
will provide foundational information for policy decisions
surrounding vessel navigation through known iceberg loca-
tions.

Acknowledgements
We thank the Natural Sciences and Engineering Research
Council of Canada, Canada Foundation for Innovation, On-
tario Research Fund, ArcticNet Network of Centres of Ex-
cellence Canada, Amundsen Science, Environment and Cli-
mate Change Canada, University of Ottawa, Northern Scien-
tific Training Program, and Polar Knowledge Canada for fund-
ing. Thank you to MEOPAR for permitting access to Satellite
AIS data which were provided by exactEarth Ltd. (Spire) (2023)
and processed courtesy of MEOPAR.

FA
C

E
T

S 
D

ow
nl

oa
de

d 
fr

om
 w

w
w

.f
ac

et
sj

ou
rn

al
.c

om
 b

y 
70

.2
6.

67
.2

50
 o

n 
11

/2
4/

25

http://dx.doi.org/10.1139/facets-2024-0232


Canadian Science Publishing

FACETS 10: 1–16 (2025) | dx.doi.org/10.1139/facets-2024-0232 15

Article information

Editor(s)
Irene Gregory-Eaves, Raid Al-Tahir

History dates
Received: 9 October 2024
Accepted: 9 September 2025
Version of record online: 24 November 2025

Copyright
© 2025 The Author(s). This work is licensed under a Creative
Commons Attribution 4.0 International License (CC BY 4.0),
which permits unrestricted use, distribution, and reproduc-
tion in any medium, provided the original author(s) and
source are credited.

Data availability
The Ship Iceberg Collision Database compiled by Hill (2010)
can be accessed online (https://newicedata.com/the-ship-iceb
erg-collision-database/). The Transportation Safety Board Ma-
rine Safety Information System (MARSIS) is accessible on-
line (https://www.tsb.gc.ca/eng/stats/marine/data-6.html). The
CI2D3 Database of ice island locations from 2008 to 2013
is available for download through the Polar Data Cat-
alogue (https://www.polardata.ca/pdcsearch/PDCSearch.jsp?d
oi_id=12678). The IBTD is available for download through
the Polar Data Catalogue (https://www.polardata.ca/pdcsear
ch/PDCSearch.jsp?doi_id=13340). Access to Satellite AIS data
was given through a joint project agreement with MEOPAR-
processed ship data provided by exactEarth Ltd. (Spire) (2023).

Author information

Author ORCIDs
Abigail Dalton https://orcid.org/0000-0002-6787-2116
Luke Copland https://orcid.org/0000-0001-5374-2145
Wesley Van Wychen https://orcid.org/0000-0002-4275-6768
Jackie Dawson https://orcid.org/0000-0002-3532-2742
Alison Cook https://orcid.org/0000-0003-0374-9167
Adam Garbo https://orcid.org/0000-0002-7312-7390
Derek Mueller https://orcid.org/0000-0003-1974-319X
Adrienne Tivy https://orcid.org/0000-0001-5764-3232

Author contributions
Conceptualization: AD, LC, WV, JD, AG, DM, AT
Data curation: AD, JD, AG, DM
Formal analysis: AD
Funding acquisition: LC, WV, AT, JD
Investigation: AD
Methodology: AD, LC, WV, JD, AC, AG, DM
Project administration: AD, LC
Resources: LC, WV, JD, AT
Software: LC
Supervision: LC, WV
Visualization: AD, AG
Writing – original draft: AD
Writing – review & editing: AD, LC, WV, JD, AC, AG, DM, AT

Competing interests
The authors have declared that no competing interests exist.

Supplementary material
Supplementary data are available with the article at https:
//doi.org/10.1139/facets-2024-0232.

References
ABS (American Bureau of Shipping). 2016. IMO Polar Code advisory. ABS,

Houston, Texas. Available from https://ww2.eagle.org/content/dam/ea
gle/advisories-and-debriefs/ABS_Polar_Code_Advisory_15239.pdf.

AC (Arctic Council). 2009. Arctic marine shipping assessment
2009 report. AC, Tromso, Norway. Available from https:
//pame.is/images/03_Projects/AMSA/AMSA_2009_report/AMSA_2
009_Report_2nd_print.pdf.

AMAP (Arctic Monitoring and Assessment Programme). 2017.
Adaptation actions for a changing Arctic: Perspectives from
the Barents area. AMAP, Oslo, Norway. Available from
https://www.amap.no/documents/doc/adaptation-actions-for-a-c
hanging-arctic-perspectives-from-the-barents-area/1604.

Bigg, G.R., Wadley, M., Stevens, D., and Johnson, A.J. 1996. Prediction of
iceberg trajectories for the North Atlantic and Arctic Oceans. Geo-
physical Research Letters, 23: 3587–3590. doi:10.1029/96GL03369.
PMID: 11539365.

Canadian Coast Guard (CCG) (6th Ed.). 2022. Ice navigation in Canadian
waters (Rev. ed). Fisheries and Oceans Canada.

Canadian Ice Service (CIS). 2005. MANICE [online]. Available
from https://www.canada.ca/en/environment-climate-change/se
rvices/weather-manuals-documentation/manice-manual-of-ice.html.

Chénier, R., Abado, L., Sabourin, O., and Tardif, L. 2017. Northern ma-
rine transportation corridors: creation and analysis of northern ma-
rine traffic routes in Canadian waters. Transactions in GIS, 21. doi:10.
1111/tgis.12295.

Cook, A.J., Dawson, J., Howell, S.E.L., Holloway, J.E., and Brady, M. 2024.
Sea ice choke points reduce the length of the shipping season in the
Northwest Passage. Communications Earth and Environment, 5(1):
362. doi:10.1038/s43247-024-01477-6.

Copland, L., Dawson, J., Tivy, A., Delaney, F., and Cook, A. 2021. Changes
in shipping navigability in the Canadian Arctic between 1972 and
2016. Facets, 6, 1069–1087. doi:10.1139/facets-2020-0096.

Crawford, A., and Mueller, D. 2023. Assessing ice island drift patterns,
ice island grounding locations, and gridded bathymetry products
between Nares Strait and the North Atlantic. Arctic. doi:10.14430/
arctic76227.

Crawford, A., Wadhams, P., Wagner, T., Stern, A., Abrahamsen, P.,
Church, I., et al. 2016. Journey of an Arctic Ice Island. Oceanography,
29(2):. doi:10.5670/oceanog.2016.30.

Crawford, A.J., Mueller, D., Desjardins, L., and Myers, P.G. 2018. The af-
termath of Petermann Glacier calving events (2008–2012): ice island
size distributions and meltwater dispersal. Journal of Geophysical Re-
search: Oceans, 123(12): 8812–8827. doi:10.1029/2018JC014388.

Dalton, A., Garbo, A., Copland, L., Van Wychen, W., Mueller, D., Tivy,
A., and Marson, J.M. 2025. Long-term field tracking of icebergs in
the eastern Canadian Arctic. Arctic Science, 11, 1–22. doi:10.1139/
as-2023-0069.

Dawson, J., Cook, A., Holloway, J., and Copland, L. 2022. Analysis of
changing levels of ice strengthening (ice class) among vessels operat-
ing in the Canadian Arctic over the past 30 years. Arctic, 75(4): 413–
430. doi:10.14430/arctic75553.

Dawson, J., Pizzolato, L., Howell, S.E.L., Copland, L., and Johnston, M.E.
2018. Temporal and spatial patterns of ship traffic in the Canadian
Arctic from 1990 to 2015 + Supplementary Appendix 1: figs. S1–S7
(See Article Tools). Arctic, 71(1):. doi:10.14430/arctic4698.

Desjardins, L., Crawford, A., Mueller, D., Saper, R., Schaad, C., Stewart-
Jones, E., and Shepherd, J. 2018. Canadian Ice Island Drift, Deteri-
oration and Detection Database (CI2D3 Database) [v1.1]. Canadian
Cryospheric Information Network. doi:10.21963/12678.

Dowdeswell, J.A., and Jeffries, M.O. 2017. Arctic ice shelves: an in-
troduction. In Arctic Ice Shelves and Ice Islands. Edited by L. Cop-

FA
C

E
T

S 
D

ow
nl

oa
de

d 
fr

om
 w

w
w

.f
ac

et
sj

ou
rn

al
.c

om
 b

y 
70

.2
6.

67
.2

50
 o

n 
11

/2
4/

25

http://dx.doi.org/10.1139/facets-2024-0232
http://creativecommons.org/licenses/by/4.0/deed.en_GB
https://newicedata.com/the-ship-iceberg-collision-database/
https://www.tsb.gc.ca/eng/stats/marine/data-6.html
https://www.polardata.ca/pdcsearch/PDCSearch.jsp?doi_id=12678
https://www.polardata.ca/pdcsearch/PDCSearch.jsp?doi_id=13340
https://orcid.org/0000-0002-6787-2116
https://orcid.org/0000-0001-5374-2145
https://orcid.org/0000-0002-4275-6768
https://orcid.org/0000-0002-3532-2742
https://orcid.org/0000-0003-0374-9167
https://orcid.org/0000-0002-7312-7390
https://orcid.org/0000-0003-1974-319X
https://orcid.org/0000-0001-5764-3232
https://doi.org/10.1139/facets-2024-0232
https://ww2.eagle.org/content/dam/eagle/advisories-and-debriefs/ABS_Polar_Code_Advisory_15239.pdf
https://pame.is/images/03_Projects/AMSA/AMSA_2009_report/AMSA_2009_Report_2nd_print.pdf
https://www.amap.no/documents/doc/adaptation-actions-for-a-changing-arctic-perspectives-from-the-barents-area/1604
http://dx.doi.org/10.1029/96GL03369
https://pubmed.ncbi.nlm.nih.gov/11539365
https://www.canada.ca/en/environment-climate-change/services/weather-manuals-documentation/manice-manual-of-ice.html
http://dx.doi.org/10.1111/tgis.12295
http://dx.doi.org/10.1038/s43247-024-01477-6
http://dx.doi.org/10.1139/facets-2020-0096
http://dx.doi.org/10.14430/arctic76227
http://dx.doi.org/10.5670/oceanog.2016.30
http://dx.doi.org/10.1029/2018JC014388
http://dx.doi.org/10.1139/as-2023-0069
http://dx.doi.org/10.14430/arctic75553
http://dx.doi.org/10.14430/arctic4698
http://dx.doi.org/10.21963/12678


Canadian Science Publishing

16 FACETS 10: 1–16 (2025) | dx.doi.org/10.1139/facets-2024-0232

land and D. Mueller. Springer, Netherlands. pp. 3–21. doi:10.1007/
978-94-024-1101-0_1.

Eguíluz, V.M., Fernández-Gracia, J., Irigoien, X., and Duarte, C.M. 2016.
A quantitative assessment of Arctic shipping in 2010–2014. Scientific
Reports, 6(1): 30682. doi:10.1038/srep30682.

Falkner, K.K., Melling, H., Münchow, A.M., Box, J.E., Wohlleben, T., John-
son, H.L., et al. 2011. Context for the recent massive Petermann
Glacier calving event. Eos, Transactions American Geophysical Union,
92(14): 117–118. doi:10.1029/2011EO140001.

Ford, J., and Clark, D. 2019. Preparing for the impacts of climate change
along Canada’s Arctic coast: the importance of search and rescue.
Marine Policy, 108, 103662. doi:10.1016/j.marpol.2019.103662.

Garbo, A., Rajewicz, J., Mueller, D., Tivy, A., Copland, L., Turnbull, I., et al.
2025. Iceberg Beacon Track Database (IBTD) (Version 1.0) [Dataset].
Canadian Cryospheric Information Network. doi:10.21963/13340.

Haas, C., and Howell, S.E.L. 2015. Ice thickness in the Northwest Pas-
sage. Geophysical Research Letters, 42(18): 7673–7680. doi:10.1002/
2015GL065704.

Higgins, A.K. 1991. North Greenland glacier velocities and calf ice pro-
duction. Polarforschung, 60(1): 1–23.

Hill, B. 2010. Ship collision with Iceberg database. ICETECH06-117-RF.
Hunke, E.C., and Comeau, D. 2011. Sea ice and iceberg dynamic interac-

tion. Journal of Geophysical Research, 116(C5): C05008. doi:10.1029/
2010JC006588.

Johannessen, O.M., Babiker, M., and Miles, M.W. 2013. Unprecedented
retreat in a 50-year observational record for Petermann Glacier, North
Greenland. Atmospheric and Oceanic Science Letters, 6(5): 259–265.
doi:10.3878/j.issn.1674-2834.13.0021.

Johnston, M., Dawson, J., De Souza, E., and Stewart, E.J. 2017. Manage-
ment challenges for the fastest growing marine shipping sector in
Arctic Canada: pleasure crafts. Polar Record, 53(1): 67–78. doi:10.
1017/S0032247416000565.

Justice Laws. 2010. Northern Canada vessel traffic services zone reg-
ulations. SOR/2010-127. Government of Canada, Ottawa. Available
from https://laws-lois.justice.gc.ca/eng/regulations/SOR-2010-127/Ful
lText.html.

Kochtitzky, W., Copland, L., Van Wychen, W., Hugonnet, R., Hock, R.,
Dowdeswell, J.A., et al. 2022. The unquantified mass loss of North-
ern Hemisphere marine-terminating glaciers from 2000–2020. Na-
ture Communications, 13(1): 5835. doi:10.1038/s41467-022-33231-x.

Kujala, P., Goerlandt, F., Way, B., Smith, D., Yang, M., Khan, F., and Veitch,
B. 2019. Review of risk-based design for ice-class ships. Marine Struc-
tures, 63, 181–195. doi:10.1016/j.marstruc.2018.09.008.

Mankoff, K.D., Solgaard, A., Colgan, W., Ahlstrøm, A.P., Khan, S.A., and
Fausto, R.S. 2020. Greenland Ice Sheet solid ice discharge from 1986
through March 2020. Earth System Science Data, 12(2): 1367–1383.
doi:10.5194/essd-12-1367-2020.

Marko, J., Birch, J., and Wilson, M. 1982. A study of long-term satellite-
tracked iceberg drifts in Baffin Bay and Davis Strait. Arctic, 35(1):
23240. Available from http://www.jstor.org/stable/40509318. doi:10.
14430/arctic2322.

Melling, H., Gratton, Y., and Ingram, G. 2001. Ocean circulation within
the North Water polynya of Baffin Bay. Atmosphere-Ocean, 39(3):
301–325, doi:10.1080/07055900.2001.9649683.

Mouginot, J., Rignot, E., Bjørk, A.A., Van Den Broeke, M., Millan,
R., Morlighem, M., et al. 2019. Forty-six years of Greenland Ice
Sheet mass balance from 1972 to 2018. Proceedings of the Na-
tional Academy of Sciences, 116(19): 9239–9244. doi:10.1073/pnas.
1904242116.

Mudryk, L.R., Dawson, J., Howell, S.E.L., Derksen, C., Zagon, T.A., and
Brady, M. 2021. Impact of 1, 2, and 4 ◦C of global warming on ship nav-
igation in the Canadian Arctic. Nature Climate Change, 11(8): 673–
679. doi:10.1038/s41558-021-01087-6.

Mueller, D., Copland, L., and Jeffries, M.O. 2017. Changes in Canadian Arc-
tic ice shelf extent since 1906. In Arctic Ice Shelves and Ice Islands, Ch.
5. Edited by L. Copland and D. Mueller. Springer Nature, Dordrecht. p.
109–140.

Münchow, A., Falkner, K.K., and Melling, H. 2015. Baffin Island and
West Greenland Current Systems in northern Baffin Bay. Progress in
Oceanography, 132: 305–317. doi:10.1016/j.pocean.2014.04.001.

Nicoll, A., Dawson, J., Marty, J., Copland, L., and Sawada, M. 2024.
Analysis of shipping accident patterns among commercial and non-
commercial vessels operating in ice-infested waters in Arctic Canada
from 1990 to 2022. Journal of Transport Geography, 121: 104046.
doi:10.1016/j.jtrangeo.2024.104046.

Pizzolato, L., Howell, S.E.L., Dawson, J., Laliberté, F., and Copland, L. 2016.
The influence of declining sea ice on shipping activity in the Cana-
dian Arctic: Sea ice and shipping, Canadian Arctic. Geophysical Re-
search Letters, 43(23): 12,146–12,154. doi:10.1002/2016GL071489.

Pizzolato, L., Howell, S.E.L., Derksen, C., Dawson, J., and Copland, L. 2014.
Changing sea ice conditions and marine transportation activity in
Canadian Arctic waters between 1990 and 2012. Climatic Change,
123(2): 161–173. doi:10.1007/s10584-013-1038-3.

RGI Consortium. 2017. Randolph Glacier Inventory–a dataset of Global
glacier outlines: version 6.0: Technical Report, Global Land Ice Mea-
surements from Space. Digital Media, Colorado, USA.

Rompkey, W., and Cochrane, E. 2008. The Coast Guard in Canada’s Arctic:
interim report. Senate of Canada, Standing Senate and Committee on
Fisheries and Oceans. Fourth Report.

Scambos, T., Ross, R., Bauer, R., Yermolin, Y., Skvarca, P., Long, D.,
et al. 2008. Calving and ice-shelf break-up processes investigated by
proxy: Antarctic tabular iceberg evolution during northward
drift. Journal of Glaciology, 54(187): 579–591. doi:10.3189/
002214308786570836.

Scambos, T., Sergienko, O., Sargent, A., MacAyeal, D., and Fastook, J. 2005.
ICESat profiles of tabular iceberg margins and iceberg breakup at low
latitudes. Geophysical Research Letters, 32(23): L23S09. doi:10.1029/
2005GL023802.

Stephenson, S.R., and Smith, L.C. 2015. Influence of climate model vari-
ability on projected Arctic shipping futures. Earth’s Future, 3(11):
331–343. doi:10.1002/2015EF000317.

Stephenson, S.R., Smith, L.C., Brigham, L.W., and Agnew, J.A. 2013. Pro-
jected 21st-century changes to Arctic marine access. Climatic Change,
118(3–4): 885–899. doi:10.1007/s10584-012-0685-0.

Sudom, D., Timco, G., and Tivy, A. 2014. Iceberg sightings, shapes and
management techniques for offshore Newfoundland and Labrador:
historical data and future applications. 2014 Oceans–St. John’s, 1–8.
doi:10.1109/OCEANS.2014.7003298.

Tang, C.C.L., Ross, C.K., Yao, T., Petrie, B., DeTracey, B.M., and Dunlap,
E. 2004. The circulation, water masses and sea-ice of Baffin Bay.
Progress in Oceanography, 63(4): 183–228. doi:10.1016/j.pocean.2004.
09.005.

Transportation Safety Board (TSB). 2023. Marine Safety Information Sys-
tem (MARSIS). [Database]. https://www.tsb.gc.ca/eng/stats/marine/dat
a-6.html.

Valeur, H.H., Hansen, C., Hansen, K.Q., Rasmussen, L., and Thingvad, N.
1996. Weather, sea and ice conditions in eastern Baffin Bay, offshore
northwest Greenland: a review. Mineral Resources Administration
for Greenland, 96–12 (December). p. 37.

van Luijk, N., Holloway, J., Carter, N.A, Dawson, J., and Orawiec, A. 2021.
Gap analysis: shipping and coastal management in Inuit Nunangat.
A report prepared for Inuit Tapiriit Kanatami. Ottawa, Canada.

Van Wychen, W., Copland, L., Burgess, D.O., Gray, L., and Schaf-
fer, N. 2015. Glacier velocities and dynamic discharge from
the ice masses of Baffin Island and Bylot Island, Nunavut, Canada.
Canadian Journal of Earth Sciences, 52(11): 980–989. doi:10.1139/
cjes-2015-0087.

Wagner, T.J.W., Wadhams, P., Bates, R., Elosegui, P., Stern, A., Vella,
D., et al. 2014. The “footloose” mechanism: iceberg decay from hy-
drostatic stresses. Geophysical Research Letters, 41(15): 5522–5529.
doi:10.1002/2014GL060832.

White, A., and Copland, L. 2019. Loss of floating glacier tongues from the
Yelverton Bay region, Ellesmere Island, Canada. Journal of Glaciology,
65(251): 376–394. doi:10.1017/jog.2019.15.

FA
C

E
T

S 
D

ow
nl

oa
de

d 
fr

om
 w

w
w

.f
ac

et
sj

ou
rn

al
.c

om
 b

y 
70

.2
6.

67
.2

50
 o

n 
11

/2
4/

25

http://dx.doi.org/10.1139/facets-2024-0232
http://dx.doi.org/10.1007/978-94-024-1101-0_1
http://dx.doi.org/10.1038/srep30682
http://dx.doi.org/10.1029/2011EO140001
http://dx.doi.org/10.1016/j.marpol.2019.103662
http://dx.doi.org/10.21963/13340
http://dx.doi.org/10.1002/2015GL065704
http://dx.doi.org/10.1029/2010JC006588
http://dx.doi.org/10.3878/j.issn.1674-2834.13.0021
http://dx.doi.org/10.1017/S0032247416000565
https://laws-lois.justice.gc.ca/eng/regulations/SOR-2010-127/FullText.html
http://dx.doi.org/10.1038/s41467-022-33231-x
http://dx.doi.org/10.1016/j.marstruc.2018.09.008
http://dx.doi.org/10.5194/essd-12-1367-2020
http://www.jstor.org/stable/40509318
http://dx.doi.org/10.14430/arctic2322
http://dx.doi.org/10.1080/07055900.2001.9649683
http://dx.doi.org/10.1073/pnas.1904242116
http://dx.doi.org/10.1038/s41558-021-01087-6
http://dx.doi.org/10.1016/j.pocean.2014.04.001
http://dx.doi.org/10.1016/j.jtrangeo.2024.104046
http://dx.doi.org/10.1002/2016GL071489
http://dx.doi.org/10.1007/s10584-013-1038-3
http://dx.doi.org/10.3189/002214308786570836
http://dx.doi.org/10.1029/2005GL023802
http://dx.doi.org/10.1002/2015EF000317
http://dx.doi.org/10.1007/s10584-012-0685-0
http://dx.doi.org/10.1109/OCEANS.2014.7003298
http://dx.doi.org/10.1016/j.pocean.2004.09.005
https://www.tsb.gc.ca/eng/stats/marine/data-6.html
http://dx.doi.org/10.1139/cjes-2015-0087
http://dx.doi.org/10.1002/2014GL060832
http://dx.doi.org/10.1017/jog.2019.15


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Sheetfed Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /RelativeColorimetric
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 99
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 225
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 225
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


