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EXEGUTIVE SUMMARY

This study involved in-depth examination of the past and present
shipping activities across Nunavut, Canada from 1990 to 2015. The
analysis was performed using Canadian Coast Guard NORDREG
data and a geospatial database constructed by the research team. Marine
traffic increased dramatically over the 26-year period examined in the
study. The total distance travelled by all vessels doubled between 1990
(345,567 km) and 2015 (793,684 km), with a notably steep increase
in distance between 2005 (430,0073 km) and 2008 (702,561 km) and
the distance travelled by some vessel types increased more substantially
than others (e.g., pleasure crafts, fishing vessels, and general cargo). The
spatial concentration of ship traffic has been relatively consistent over
time, however some changes in intensity and distribution are evident
within certain vessel types and particularly in the Northwest Passage
and throughout the Kitikmeot region. There has been a clear shift in
geographic concentration of tourism vessels that favours the Northwest
Passage over southern areas utilized in the past. Some vessel types, such
as fishing vessels and bulk carriers, are more spatially limited than others
such as passenger ships and icebreakers which are seen throughout
Nunavut.
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INTRODUCTION

Marine transportation is an essential industry to Canada. International
marine trade was valued nationally at 205 billion in 2015 (CCA 2017)
and it has been estimated that 90% of all goods that are manufactured
and purchased globally are now shipped at some point by sea (George,
2013). As a predominantly island based territory, Nunavut, Canada is
highly dependent upon marine transportation, where ships support
community re-supply (food, fuel, and goods), construction (community-
based and mines), local economic activities (tourism, mining, fishing),
and cultural livelihoods (traditional activities and subsistence harvesting).
Over the past decade shipping in Nunavut has increased substantially in
association with the exploration and extraction of natural resources, the
increase in cargo trade and transport, the proliferation of the fishing

and tourism industries, and the intensification of community re-supply
needs (Pizzolato et al. 2014).

The increase in ship traffic to Nunavut is linked directly to socio-
economic factors such as globalization, commodity prices, demographics,
and societal trends (CCA 2017, George 2013, Dawson et al. 2017) but
the ability for ships to travel more frequently has been facilitated by
climate change. Recent trends in sea ice show substantial reductions in
the central Arctic and Canadian Arctic Archipelago (CAA), including
the Northwest Passage (NWP) (Howell et al., 2006; Guy, 2006; Tivy
et al., 2011), with expectations that the NWP will be increasingly ice-
free in the next few decades (Sou & Flato, 2009). There has been a shift
from a predominantly thick perennial arctic sea ice regime to a younger,
thinner, more seasonal sea ice regime (Parkinson, 2014; Comiso, 2012;
Maslanik et al., 2011) that makes the region more accessible for ship
traffic and that lengthens the length of the open water season. For
example, between 2002 and 2009, multi-year ice (MYI) coverage in
the Canadian sector of the Arctic Ocean declined by 83% (Maslanik
et al., 2011), and from 1979 to 2013 the pan-Arctic melt season length
increased by an average of 5days per decade-1 (Stroeve al., 2014). This
thinning of sea ice has led to the lengthening of Arctic shipping seasons
into the spring and fall, and has been directly and statistically correlated
with some of the increases observed in vessel traffic in certain regions of

the Canadian Arctic (Pizzolato et al. 2014, 2016).
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The objective of this study was to comprehensively examine historic
changes to shipping traffic in Nunavut, Canada from 1990-2015,
both temporally and spatially. Analysis evaluation of shipping trends
by 1) overall activity, 2) vessel type, 3) Nunavut region, and 4) near-
by communities. It is necessary to understand the changing trends in
shipping activity in Nunavut so that evidence-based decisions can be
made that balance the environmental, economic, and cultural imperatives
of the region. This shipping trends analysis can be used to: 1) aid federal
decision makers to deploy and invest in appropriate search and rescue,
navigational aids, and other marine infrastructure and to develop policies
that facilitate a safe and sustainable shipping environment; 2) help the
territorial government invest in appropriate protected areas planning
and to facilitate local economic development opportunities; and 3)
enable local government, communities and Inuit leaders to manage and
preserve island-based Inuit owned lands, enhance safety and security
for local marine transportation and harvesting activities, and ensure that
Inuit and northern voices are infused into federal and national decisions
that impact the Nunavut marine environment.
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STUDY METHODS

Currently, there is limited understanding of the specific and statistically
significant longer-term changes in shipping trends in the north. The
most precise global source of data on spatial ship traffic comes from
satellite-based systems such as Automatic Information System (AIS)
data, which is recorded in real time at a second/millisecond time scale.
However, for Canadian Arctic regions there are currently two major
challenges in using AIS data for longitudinal trends analysis including;
1) data is only captured from ships with AIS transponders that are
turned on, and 2) data are only available since 2010. Similar challenges
exit with other satellite based systems such as Long Range Identification
and Tracking (LRIT), which like AIS data, is useful for real-time ship
tracking of larger vessels that tend to carry transponders but lacks utility
for longitudinal research applications such as geographic trends analysis
of multiple vessel types. Because of the identified limitations of AIS and
LRIT data, in this study we use a recently developed geospatial shipping
activities database that was established specifically for the Canadian
Arctic region.

'The database used in this study was constructed using Canadian Coast
Guard (CCG) non-spatial NORDREG ship archive data (1990-2015)
that was extensively quality controlled for accuracy and consistency. The
NORDREG dataset contains daily reports of vessel locations at 16:00
UTC for mandatory reporting vessels since 2010 (i.e., vessels that are
300 gross tonnes or more, engaged in towing or pushing another vessel
if the combined gross tonnage is 500 gross tonnage or more, or if a vessel
is carrying a pollutant or dangerous good, or towing a vessel carrying
a pollutant or dangerous good (CCG 2013) as well as vessel positions
that voluntarily reported their location within the NORDREG zone,
mostly on the daily or sub-daily timescale. The NORDREG data also
includes of an archive with vessel name, call sign, International Maritime
Organization (IMO) number, entry and exit dates of the NORDREG
zone, vessel length, width, and other non-spatial characteristics. Using
this information supplementary ship specification data were added to ship
archive (see Pizzolato et al. 2014) including ship draft, length, and width
in addition to the marine mobile service identity number (MMSI) when
available. The quality controlled dataset was then geo-located and joined
using least-cost path (LCP) approach that considered three variables, 1)
distance to land, 2) bathymetric data (ETOPO2v2), and 3) sea ice data
(CISDA). All of the analysis was undertaken using ESRI ArcGIS 10.2,
Python, and the ArcPy Python scripting module. See Pizzolato et al.
2016 and Dawson et al. 2017 for full methodological details. The accuracy
of the database evaluated by cross-referencing outputs with AIS data for
known voyage paths and calculating error estimates. Error estimates are

very reasonable and range of 8.77 +0.91 km (excluding Hudson Bay).
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It is also likely that the database underestimates the number of km
traveled by pleasure craft and other smaller vessels because these vessels
are not required via Canadian regulations to report to NORDREG (see
Johnston et al. (2017). Additional details on database construction can
be found in Pizzolato et al. (2016) and Dawson et al. (2017).

STUDY AREA

'The study area included the marine regions of the Canadian territory of
Nunavut extending out to the Economic Exclusion Zone (EEZ), defined
as 200 nautical miles (370km) from the coast (Figure 1). Nunavut is the
newest (1999), largest, and northernmost territory in Canada. In 2016,
the total population of Nunavut was 35,944 people who are living in one
of 25 different communities that range in size from under 500 people
(Chesterfield Inlet, Gris Fiord, Kimmirut, Whale Cove) to over 7,000
(Iqaluit). All but one of the communities in Nunavut are coastal, and all
are serviced by air and sea (Government of Nunavut, 2017). Nunavut is
also home to a large portion of the fabled Northwest Passage, a sea route
connecting the Pacific and Atlantic oceans. The Northwest Passage
offers shipping companies significant distance savings between for
example New York and Hong Kong than the currently utilized global
trade routes through the Suez or Panama canals (Smith and Stephenson

2013; Pizzolato et al. 2014).

Figure 1: Study Area (Nunavut Marine Area)
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MARINE VESSEL TYPES IN
NUNAVUT

Many types of marine vessels operate in Nunavut, Canada, each with
distinct characteristics and cargo (Table 1). Communities across the
territory rely heavily upon ships as a means of transporting goods to
service the region. Supplying communities via ships is crucial, especially
should the population grow or the needs of communities’ change
(Hodgson et al., 2013; Prowse et al., 2009). Additionally, with some
of the largest untapped natural resource reserves in the world located
within the Arctic, the potential for increased marine activity due to oil
and gas exploration and extraction is a possibility (Prowse et al., 2009;
Pizzolato et al., 2014). The prospective increase in northern resource-
extraction projects (e.g., Baffinland Mary River Iron Ore Mine) and
subsequent increases in the export of raw goods and materials out of the
North will not only increase regular bulk shipments, but will also likely
require increased marine transportation during the construction phase
of these projects (Hodgson et al., 2013). Small-scale commercial fishing
operations within the Canadian Arctic are expanding further north as
ice-free conditions persist for longer periods (Hodgson et al., 2013).
Marine tourism (both pleasure craft and passenger ships) has expanded
rapidly over the past two decades in the Canadian Arctic, and is likely
to increase further as the demand for “exploration” tourism increases

(Dawson et al., 2007; 2014; 2017; Pizzolato et al., 2014; Hodgson et al.,
2013; Lasserre & Tétu, 2015).
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Table 1

Description of Vessel Types Found in Nunavut and their Associated Uses

CLASSIFICATION

DESCRIPTION

EXAMPLES OF SHIP TYPES

GOVERNMENT
VESSELS
AND ICEBREAKERS

CONTAINER SHIPS

GENERAL CARGO

BULK CARRIERS

TANKER SHIPS

PASSENGER SHIPS

PLEASURE CRAFT

TUG / BARGE

FISHING VESSELS

OIL AND GAS
EXPLORATION
VESSELS

Designed to move and navigate in ice-
covered waters

Must have a strengthened hull, an ice-
clearing shape, and the power to push
through ice

Cargo ships that carry their load in
truck-size containers

Carries various types and forms of
cargo

Bulk carriage of ore (can carry either
oil or loose or dry cargo, but not
simultaneously)

Bulk carriage of liquids or compressed

gas

Ships that carry passengers for
remuneration

Recreational vessels that do not carry
passengers for remuneration

Tug: Designed for towing or pushing,
and general work duties

Barge: non-propelled vessel for
carriage of bulk or mixed cargo

Fishing boats are used in commercial
fishing activity
Generally small vessels, between 30
and 100 meters

Designed  specifically  for  the
exploration and extraction of natural
gas and oil

Coastguard

Icebreakers (private, research, government)

Research vessels

Cargo transport

Community re-supply
Roll on/roll off cargo

Timber
Oil, ore
Automobile carriers

Oil, natural gas, and chemical tankers

Cruise ships
Ocean liners
Ferries

Motor yachts
Sail boats
Row boats

Re-supply vessels
Bulk cargo transport

Small fishing boats
Trawlers

Whaling boats
Fish-processing boats

Seismic, oceanic, and hydrographic survey vessels

Oil drilling/storage vessels
Offshore re-supply

Portable oil platform vessels
Other oil and gas support vessels

Source: Pizzolato et al. 2014; Dawson et al. 2017
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TEMPORAL TRENDS (1830-2010)

'The total annual kilometres traveled by all vessel types in the Nunavut
marine area has more than doubled over the past 25 years, increasing
from 345,567 km in 1990 to 793,684 km in 2015 (Figure 2). The highest
number of km traveled in any single year within the record occurred in
2014 when ships covered a record 841,742 km of Nunavut’s waters. Since
1990 average traffic volume has increased consistently but with some
variability year to year (Figure 2). To better understand the temporal
changes in ship traffic, the study period (1990-2015) has been divided
into four distinct periods: i) baseline (1990-200) representing a relatively
stable period with limited growth; ii) phase 1 (2001-2005), a period of
slight decline; iii) phase 2 (2006-2010), a period of rapid growth; and iv)
phase 3 (2011-2015), a period of continued growth and development.

During the baseline period of 1990 to 2000 vessel traffic increased slightly
but in general remained relatively steady, hovering between 345,567 and
494,252 km per year with an average of 414,033 km traveled per year.
The average annual km traveled during phase 1 (2000-2005) increased
only slightly from the baseline period to a total of 443,111 km per year,
ranging between 411,775 km (2004) and 475,079 km (2001) per year.
During phase 2 (2006-2010) the number of kilometres traveled by
vessels in Nunavut’s waters rapidly increased to an average of 643,404
km per year and ranging from 507,157 (2006) to 754,276 km (2010).
During the most recent period (phase 3, 2011-2015) traffic increased
even more to an average of 760,818 km per year, which represents an
84% increase from the baseline period. With the exception of 2012
when km traveled decreased to similar levels seen in the early period
of phase 2, total km traveled over the past five years of the record have
consistently been the highest over the past quarter century. The record
period does exhibit natural variability between years, but overall trends
indicate a clear increase in shipping activity in Nunavut waters.
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Figure 2: Total Annual Kilometres Traveled by All Vessel Types
in the Nunavut Marine Area

Figure 3 breaks down the total number of km traveled by vessel type from
1990 to 2015. General cargo (re-supply) and government icebreakers
(including research vessels) consistently travel the greatest number of
kilometres each year. From 1990 to 2006 general cargo vessels averaged just
over 100,000 km annually with limited variability. However, beginning
in 2007 (notably a record low sea ice year) general cargo activity began
to increase. By 2010 the distance traveled increased to 166,259 km and
then to 194,844 km during the record highest year of 2014. Icebreaking
and research activity has stayed relatively constant throughout the record,
although some varaiblity is observable and a minor increase in average
km traveled is noted in phases 2 and 3. Tanker ships, fishing vessels, and
pleasure craft (i.e. private yachts) notably increased during phases 2 and
3, while passenger vessel activity has decreased slightly in recent years.

Figure 3: Total Annual Kilometres Traveled in the Nunavut
Marine Area, by Vessel Type, from 1990 to 2015.
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Figure 4 provides a visual representation of the change in average annual
kilometres traveled by vessel type using the baseline period (1990-2000)
as a benchmark and comparing trends observed in phases 1, 2, and 3.
Bulk carrier activity decreased in phases 1 and 2 and equalized again
in phase 3. Fishing vessels decreased in phase 1, increased slightly in
phase 2 and then increased dramatically in phase 3, likely because of
recent investments made to support the local fisheries industry (CBC,
2013). General cargo, tanker ships, and tug and barge activity has
steadily increased in all phases compared to the baseline. Passenger
ships increased moderately in phase 1, more dramatically in phase 2,
but have since declined slightly to just above phase 1 levels. The fastest
growing sector of vessel activity in terms of km travelled is pleasure craft,
which stayed constant in phase 1, increased slightly in phase 2, and then
increased dramatically in phase 3.

Figure 4: Change in Annual Average Kilometres Traveled from
Baseline Period to Phase 1, Phase 2 and Phase 3 by Vessel Type

DISTRIBUTION BY VESSEL TYPE
ACROSS NUNAVUT REGIONS

The territory of Nunavut is divided into three distinct regions: the
Kitikmeot, which is the most western area of the territory, the Qikiqtaaluk,
which is the largest and most eastern region encompassing Baffin Bay
and the northern island chains, and the Kivalliq, which is located in the
central south region of the territory (Figure 5). Vessel traffic distribution
is examined within these three distinct geographic regions to determine
the relative proportion of vessel types that have been in operation and
how this distribution has changed over time. The distribution of vessel
types is based on ‘total distance traveled’ by each vessel type in the three
temporal phases described above compared to the baseline period. The
decision to examine total distance traveled by vessel type was chosen
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because alternative measures such as total vessel count (i.e. number of
vessels present in the region) or total vessel voyages (i.e. an estimation
of the total number of individual voyages made by each vessel present
in the region) would not fully capture the true distributional changes in
total vessel activity in Nunavut marine waters over time.

Figure 5: Map of Nunavut Regions

KITIKMEQOT REGION

The distribution of vessel activity by km traveled in the Kitikmeot
region between 1990 and 2000 was dominated by government vessels
and icebreakers (46%) and tug and barge traffic (42%) that was likely
supporting general cargo and other activities. Other vessel activity at the
time was made up by passenger ships (9%) and pleasure craft (3%). Over
the study period the proportion of government vessels and ice breakers
and tug and barge traffic decreased significantly to include just 27% and
16% respectively in the 2011-2015 time period. This is not because there
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is less icebreaking and tug traffic, in fact there has been an increase over
time, but rather the decreased distribution is due to the increase in vessel
variety now operating in the region. For example, pleasure craft now
make up 25% of total traffic distribution by km traveled, second only
to government icebreakers. If just the total number of ships present in
the region is considered, then pleasure craft now make up 44% of total
vessels compared to 10% in the baseline period (not shown in figure).
Tanker ships have also increased over time and most recently made up
10% of total km traveled by all vessels in the Kitikmeot region (Figure
6).

Figure 6: Relative proportions of ship traffic in the Kitikmeot
Region based on annual distance travelled, 1990-2015
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KIVALLIQ REGION

The Kivalliq region has experience much less variability in vessel
distribution by km traveled over time than was evident in the Kitikmeot
region. From 1990-2000 the region consisted mostly of bulk carrier
(39%) and tug and barge (26%) activity. General cargo (12%) government
icebreakers (9%), passenger ships (7%), and tanker ships (7%) made up
the remaining distribution. Over time vessel distribution has changed but
only limitedly. In recent years (2011-2015), there has been a reduction in
bulk carrier (27%), tug and barge (10%), government icebreaking activity
(5%), and passenger ships (5%) as well as an increase in general cargo

(31%) and tanker ships (26%).

Figure 7: Relative ship traffic by type for the Kivalliq Region,
1990-2015
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QIKIQTAALUK REGION

Similar to the Kivalliq region the distribution of vessel types by km
traveled is more stable in the Qikigtaaluk region compared to the
highly variable Kitikmeot region. Between 1990-2000 the distribution
of vessel traffic by km in the Qikiqtaaluk region included 28% general
cargo, 25% government icebreakers, 18% bulk carriers, 14% tanker ships,
7% passenger ships, 5% fishing, and 3% tug and barge. In more recent
years (2011-2015) the distribution of tanker ships, fishing vessels, and
pleasure craft have increased to 16%, 16% and 6% respectively, while the
distribution of general cargo, government ice breaking, and bulk carriers
reduced to 24%, 18% and 9% respectively.

Figure 8: Relative ship traffic by vessel type in the Qikiqtaaluk
Region, 1990-2015
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SPATIAL TRENDS

Figure 11 provides a panel display the spatial distribution of kilometres
traveled by all vessel types during the baseline period, and the change
in activity from the baseline period to phases 1, 2, and 3. In the 1990 to
2000 baseline period, vessel traffic was concentrated throughout Hudson
Strait, with clear travel routes from the Strait to the east coast of mainland
Nunavut and to the Port of Churchill. High traffic intensity is also
observable along the eastern coast of Bafhin Island, through Lancaster
Sound and into the Queen Maud Gulf, and moderate intensity is visible
through Lancaster Sound to Resolute as well as through Foxe Basin. In
phase 1 (2000-2005), total vessel traffic decreased oft the coast of Baffin
Island and to Resolute, likely related to a decrease in tankers and bulk
carriers because of the closures of the Polaris (Cornwallis Island, near
Resolute) and Nanisivik (Baffin Island, near Arctic Bay) mines in 2002.

‘There was also a slight increase in traffic through Hudson Strait.

Compared to the baseline period, phase 2 (2006-2010) shows an even
more dramatic intensification of traffic through Hudson Strait, with
clear travel routes to communities in Ungava Bay and along the east
coast of mainland Nunavut. There was also a clear increase in traffic
through the southern route of the Northwest Passage and around the
west coast of Prince of Wales Island that had not occurred earlier in the
period of record, and a rebound of coastal traffic along the eastern coast
of Bafhin Island. Further declines in traffic were observed in and around
Baffin Bay and also around Resolute and Nansivik.

Relative to the baseline period, vessel traffic in phase 3 (2011-2015),
displays significant intensification through Hudson Strait towards Baker
Lake, potentially due to increasing traffic associated with the opening
of the Meadowbank Gold mine, north of Baker Lake, in 2010. There
was also an increase in traffic along the eastern coast of Baffin Island,
greater than that seen in phase 2. Finally, there continues to be a clear
increase in traffic through the southern route of the Northwest Passage

and throughout the Kitikmeot Region.

20
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Figure 9: Annual Average Kilometres Traveled by All Vessel
Types (Baseline: 1990—2000) (top left). Change in Annual
Average Kilometres Traveled between Baseline and Phase 1
(2001-2005) (top right); Change in Annual Average Kilometres
Traveled between Baseline and Phase 2(2006-2010) (bottom
left); Change in Annual Average Kilometres Traveled between
Baseline and Phase 3 (2011-2015) (bottom right).
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SPATIAL TRENDS BY VESSEL TYPE

The following sections provide figures that display the spatial patterns
(km traveled) by vessel type for each of the baseline period (1990-2000),
phase 1 (2001-2005), phase 2 (2006-2010), and phase 3 (2011-2015).

BULK CARRIERS

Bulk carriers include those vessels carrying materials such as dry or loose
cargo, timber and ore. During the baseline period, there was extensive
bulk carrier traffic oft the east coast of Baffin Island and through
Lancaster Sound. This was likely due to the presence of the Polaris and
Nanisivik mines, which were active from 1981 to 2002 and 1976 to
2002 respectively. The mines were serviced by bulk carriers bringing fuel
and leaving with holds full of ore. By phase 1, there was still some bulk
carrier traffic through Lancaster Sound but it had begun to concentrate
through Hudson Strait and to the Port of Churchill. The Raglan mine,
in northwestern Quebec, began operations in 1998 and was serviced
year-round by ice-strengthened bulk carriers. By phase 2, there was
less bulk carrier traffic along the east coast of Baffin Island and an even
greater concentration of vessel traffic through Hudson Bay to the Port of
Churchill. In phase 3, notably, there were bulk carriers traveling through
the Northwest Passage for the first time. The Nordic Orion (operated
by Nordic bulk carriers) was the first bulk carrier to do so, making the
transit in September 2013. It was followed by the Nunavik (operated
by Fednav) in 2014. Additionally, in phase 3, there was a return of bulk
carrier traffic to northeastern Baffin Island, where the Mary River mine

opened in 2014.
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Figure 10: Annual Average Kilometres Traveled by Bulk
Carriers, Baseline Period (top left), Phase 1 (top right), Phase 2
(bottom left), Phase 3 (bottom right).

GENERAL CARGO

General cargo includes vessels used for community re-supply, and as
such, they have been consistently present in the Nunavut marine region
throughout the study period. Between phases 1 and 3 general cargo
traffic increased in the Kitikmeot region and around Prince of Wales
Island and continued to intensify through Hudson Strait and along the
east coast of mainland Nunavut. There are clear increases in traffic trends
to Nunavut communities and in particular to larger communities such as

Iqaluit, Baker Lake, Rankin Inlet, and Arviat
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Figure 11: Annual Average Kilometres Traveled by General
Cargo, Baseline Period (top left), Phase 1 (top right), Phase 2
(bottom left), Phase 3 (bottom right).

FISHING VESSELS

Fishing activity in Nunavut is highly concentrated off the east coast of
Baffin Island. Between the baseline period and phase 1, fishing activity
actually decreased in terms of spatial distribution and was concentrated
around the southern and eastern extents of Baffin Island, whereas it
previously extended into northern Bafhin Island and the Hudson Strait.
In phase 2 fishing activity intensified off the eastern coast of Baffin Island
and extended slightly further south. The spatial extent and intensification
of fishing activity was most dramatic in phase 3 where activity is now
taking place further north, expanding into Lancaster Sound and as far
west as Resolute and Little Cornwallis Island. Fishing vessel traffic is
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also notably more intense in areas east of Hudson Strait and southern
Baffin Island in recent years (see Brubacher Development Strategies Inc.
2004 for information on the early development of Nunavut fisheries).

Figure 12: Annual Average Kilometres Traveled by Fishing
Vessels, Baseline Period (top left), Phase 1 (top right), Phase 2
(bottom left), Phase 3 (bottom right).

GOVERNMENT VESSELS AND [CEBREAKERS

Government vessels and icebreakers include all Canadian Coast Guard
vessels, private icebreaking vessels, as well as any public or private
research vessels operating in the territory. Throughout the study period,
government vessels and icebreakers were found in all of the study
area, except the very far north. During the baseline period, there was a
concentration of vessel traffic through Lancaster Sound and the Parry

Channel, as well as from Iqaluit through the Hudson Strait. These traffic
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patterns also occurred in phase 1, with a slight intensification in traffic
along the eastern coast of Baffin Island and a coincident decrease in
traffic in Hudson Bay. In phase 2, there was heavier traffic through the
Northwest Passage, south from the Parry Channel and into Queen Maud
Gulf as well as throughout the Hudson Strait. This was also the period
where the CCG vessel the Amundson was re-activated and underwent
a conversion to become a research-intensive vessel. The Amundson has
consistently been involved in marine research activities since 2003 and
continues to be active today. There are little changes observed between
phases 2 and 3, with the exception of the addition of a few vessels
travelling north of Ellesmere Island and a slight increase through the
western half of the Parry Channel.

Figure 13: Annual Average Kilometres Traveled by
Government Vessels and Icebreakers, Baseline Period (top left),
Phase 1 (top right), Phase 2 (bottom left), Phase 3 (bottom
right).
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DIL/GAS EXPLORATION VESSELS

'There was oil and gas exploration activity throughout what is now the
Northwest Territories in the early 1990s but there was none during the
baseline period in what is now Nunavut. There was limited activity by oil
and gas exploration vessels off the east coast of Bafhin Island during phase
1 and then a slight increase during phases 2 and 3. However, overall ship
traffic by oil and gas exploration vessels is minimal compared to other
vessel types in Nunavut. Notably other vessel types such as tankers and
bulk carriers were involved in natural resource activities in the territory
throughout the study period and thus this finding that there was limited
oil/gas exploration vessel activity does not conclude that the industry
was not active.

Figure 14: Annual Average Kilometres Traveled by Oil/Gas
Exploration/Exploitation Vessels, Baseline Period (top left),
Phase 1 (top right), Phase 2 (bottom left), Phase 3 (bottom
right).
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PASSENGER SHIPS

Passenger ships are classified as vessels carrying passengers for
remuneration. In Nunavut, these vessels tend to be expedition style ships
carrying around 200 tourists and a similar number of crew. However, the
territory has more recently begun to also attract larger cruise vessels that
can carry more than 1000 guests (e.g., Crystal Serenity, summer 2016 and
2017).During the baseline period, passenger ships were already operating
throughout the entire Nunavut marine region. By phase 2, the passenger
vessels began operating predominantly around Lancaster Sound, Parry
Channel grew, and the eastern coast of Bafhn Island compared to phase 1
where they tended to operate further south in Hudson Bay and Hudson
Strait. By phase 3, there was minimal passenger ship traffic in Hudson
Bay and a clear favour for routes through the Northwest Passage.

Figure 15: Annual Average Kilometres Traveled by Passenger
Ships, Baseline Period (top left), Phase 1 (top right), Phase 2
(bottom left), Phase 3 (bottom right).
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PLEASURE CRAFT

Pleasure craft are non-commercial vessels often characterized as yachts
that typically carry between 1 (sail boats) and 50 people (luxury yachts).
During the baseline period, the annual average number of km traveled
by pleasure craft was 2,590. The annual km traveled by pleasure craft
rose to 2836 km in phase 1, then increased five-fold by phase 2 to
13,580 km, and reached a record 52,799 km per year in phase 3. The
spatial distribution of pleasure craft in the baseline period included
routes through the southern northwest passage, along the eastern coast
of Baffin Island and through Hudson Strait and the northern end of
Hudson Bay. In phase 1 the spatial extent of pleasure craft decreased
before increasing again in phase 2 and then increasing again in phase
3. In phase 3 there is a clear intensification of pleasure craft activity
throughout the Northwest Passage (both the northern and southern
routes but with higher intensities in the south). Pleasure craft also
ventured further north than ever before and forged new routes on the
western side of Baffin Island.

NS Se PlnEAL PR RS
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Figure 16: Annual Average Kilometres Traveled by Pleasure
Crafts, Baseline Period (top left), Phase 1 (top right), Phase 2
(bottom left), Phase 3 (bottom right).

TANKER SHIPS

Tanker ships are bulk carriers of liquids and compressed gases. During
the baseline period, tanker ships predominantly traveled in the eastern
half of the study region; extended east towards Resolute, through Baffin
Bay and then intensifying in the Hudson Strait. In phase 1, tanker traffic
increased in Hudson Bay, along the eastern coast of mainland Nunavut,
and also through Hudson Strait. In phase 2, there was an increase in the
spatial distribution of tanker traffic throughout the Northwest Passage
and into the Kitikmeot region. At the same time tanker traffic further
intensified through Hudson Strait and into Chesterfield Inlet. The
trends from phase 2 continued into phase 3, which displays additional
intensification of tanker traffic through the Northwest Passage and in
Hudson Bay
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Figure 17: Annual Average Kilometres Traveled by Tanker
Ships, Baseline Period (top left), Phase 1 (top right), Phase 2
(bottom left), Phase 3 (bottom right).

TUG/BARGE

Tug and barge vessels tend to support community re-supply and
economic development activities in the region and therefore these vessel
types are frequently found around communities. During the baseline
period, traffic peaked in the southern Kitikmeot and out of the port of
Churchill and along the eastern coast of mainland Nunavut. In phase 1,
tug/barge traffic remained extensive throughout the study region, with
an increased concentration in the southern Kitikmeot. In phase 2, there
was an intensification of tug/barge trafhic in eastern Hudson Bay, from
the Port of Churchill to the communities along the eastern mainland of
Nunavut and through Hudson Strait. Traffic was also concentrated in

and around Cambridge Bay and Dolphin and Union Strait. In phase 3,
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there was a decline in the spatial distribution of traffic and vessel patterns
again become more similar to those observed in phase 1.

Figure 18: Annual Average Kilometres Traveled by Tugs/
Barges, Baseline Period (top left), Phase 1 (top right), Phase 2
(bottom left), Phase 3 (bottom right).
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VESSEL TRAFFIC NEAR NUNAVUT
COMMUNITIES

Local residents of the 25 Nunavut communities have expressed increased
concern about the potential impacts of observed increases in shipping
activity throughout the territory. Until now the distribution of shipping
traffic by community has been challenging to obtain. Using a 50-km
radius around communities, table 3 shows the change in annual average
shipping traffic (all vessels) observed between the baseline period
(1990 — 2000) and phase 3 (2011-2015). The community of Pond Inlet
experienced close to a tripling of vessel traffic activity, representing the
greatest increase in annual traffic of any Nunavut community (baseline
2,067 km/yr., compared to 6,188 km/yr. in phase 3). This increase around
Pond Inlet is mainly attributable to increases in tourism vessels, bulk
carrier and tanker traffic related to the Mary River mine. Chesterfield
Inlet and Baker Lake had the second and fourth highest increases in
vessel traffic that was also related to increases in tanker ships and general
cargo ships servicing Medowbank Gold Mine. Cambridge Bay had
the third highest increase in vessel traffic that can be explained by the
increasing number of vessels transiting the Northwest Passage, including
pleasure craft, passenger ships, general cargo, and tanker ships. Resolute
and Arctic Bay both experienced declines in ship traffic that is likely
related to the closures of the Polaris and Nanisivik Mines near each of
these communities, respectively.
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Table 2: Average Annual Kilometres Traveled within 50 km of Communities in 1990-2000 and
2011-2015 for all vessel types.

COMMUNITY AVERAGE ANNUAL KM 1990-2000  AVERAGE ANNUAL KM 2011-201a  CHANGE

POND INLET 2067 6188
CHESIIIIIE_E?ELD 162 4758
CAMBRIDGE BAY 2363 0220
BAKER LAKE 0 2193
GJOA HAVEN 802 2924
QIKIQTARJUAQ 1632 3480
|QALUIT 2114 4395
CLYDE RIVER 2058 3043
[GLOOLIK 890 1861
KUGLUKTUK 479 1389
RANKIN INLET 1138 1768
HALL BEACH 1279 1867
TALOYOAK 211 144
SANIKILUAQ 491 1016
PANGNIRTUNG 1022 1508
CORAL HARBOUR 022 923
GRISE FIORD 820 1176
WHALE COVE 1009 1337
KUGAARUK 260 035
ARVIAT 801 1003
CAPE DORSET 1478 1677
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COMMUNITY AVERAGE ANNUAL KM 1930-2000  AVERAGE ANNUAL KM 2011-201a  CHANGE

REPULSE BAY 366 016
KIMMIRUT 1028 1169
ALERT 0 09
UMINGMAKTOK 073 626
EUREKA 4563 231
ARCTIC BAY 3052 3112
RESOLUTE 6361 4542
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Figure 21 displays the overall spatial change in vessel traffic from the
baseline period to phase 3 (2011-2015) (depicted in the background
as vessel tracks) as well as the proportional changes in vessel traffic
experienced within 50 km of each Nunavut community (depicted in
the foreground as coloured dots). The red dots represent communities
that have experienced the greatest increase in shipping traffic compared
to the blue dots, which represent communities experiencing a decrease.
Orange and yellow dots represent moderate to low increases respectively.
Communities experiencing the most significant increases in shipping
traffic are those located along major shipping routes and near operational
mining sites. Resolute Bay has experienced the greatest decrease in
shipping activity related to the reduction in local mining activity and
also because consistently chose to traverse the Northwest Passage via the
southern route instead of the northern route due to unpredictable but
often thick multi-year ice that builds up near the community.

Figure 19: Change in Vessel Traffic (Km) within 50km of
Communities, from 1990-2000 Average to 2011-2015 Average
and Changes in Overall Vessel Traffic during the same period.
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CONCLUSION

This study has outlined the temporal and spatial trends in ship traffic in
Nunavut, Canada from 1990-2015. Overall, there has been an increase in
the average number of kilometers that ships have traveled in the territory
as well as an increase in the number, and type vessels. Vessel types that
consistently make up the greatest proportion of traffic in Nunavut
include general cargo (re-supply vessels) and government icebreakers
(including private ice breakers and research ships). The fastest growing
vessel sector is pleasure craft (private yachts), followed closely by fishing
vessels. Other vessel types that are exhibiting increases include tanker
ships and tug and barge activity that is related to community re-supply,
and increased general cargo vessels. Passenger ships and tanker ships
have declined slightly in recent years but not significantly.

The spatial distribution of vessels by some vessel type has also changed
over the past 25 years. Not surprisingly the location of general cargo,
tanker ships, and bulk carriers has been largely linked to the location of
communities and natural resource projects and thus traffic patterns are
relatively spatially consistent. Fishing activities remain concentrated on
the eastern side of Baffin Island but have expanded both to the north
and the south. Tourism vessels have displayed the most dramatic shifts
in spatial distribution; in recent years passenger vessel and pleasure craft
traffic has been highly concentrated through the Northwest Passage,
whereas in the past it was less concentrated and often took place in more
southerly regions around Hudson Bay.
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Further increases in shipping activity are expected in Nunavut as sea
ice regimes continue to change leading to increased accessibility
and shipping season lengths (Pizzolato et al. 2014; 2016; Smith and
Stephenson 2013). Other factors will also influence shipping trends
in the territory including commodity prices, insurance, probable risk,
demand, fuel prices, and others (Dawson et al 2017; others). It is plausible
to speculate that the region will continue to experience an increase in
shipping activity into the next century. Regional demographics and a
focus on a fisheries economy suggest that general cargo, tug and barge,
and fishing traffic will not decrease. Larger cruise vessels (e.g., Crystal
Serenity) and smaller private yachts are beginning to see the region as
attractive (CBC,2014; Johnston et al.2017) and it is likely that the trends
tor adventurers and yachters to visit Nunavut via the Northwest Passage
will continue. Mining and natural resource exploration has slowed down
in recent years but may increase again in the future as the international
demand for energy continues to grow and as more and more non-Arctic
nations are becoming interested in Arctic resources.

Nunavut is well positioned to benefit from shipping activities in the
territory but development is not without risks. It is vital that pro-active
governance measures such as the low impact shipping corridors (see
www.arcticcorridors.ca and Pew Charitable Trusts 2016), pro-active

vessel management, local monitoring programs, and collaborative co-
management and shared leadership initiatives on Arctic shipping and
oceans management continue.
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APPENDIX B: VESSEL TYPE
TRENDS BY YEAR (1890-2010)
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