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Abstract

In partnership with the Canada-Nunavut Geoscience Office, scientists in the Earth Sciences Sector of Natural Resources

Canada and their collaborators have carried out activities in several regions of resource industry activity in Nunavut under

the Coastal Infrastructure Project of the Earth Sciences Sector's Climate Change Geoscience Program. These activities fo-

cused on coastal characterization, coastal instability, sea-level change, coastal hazards and vulnerability in the context of

climate change. A mosaic of satellite imagery (SPOT) and interpretation of coastal video of Coronation Gulf and surround-

ing regions provide baseline coastal characterization. Potential applications include assessment of the accessibility and na-

ture of candidate port sites, and assessment of available aggregate resources. A coastal change study of the community of

Kugluktuk reveals that the town-site coastline is largely stable, but there is rapid coastal change near the port site and on is-

lands of the Coppermine delta, as well as localized bank erosion in town. A coastal hazard assessment of Iqaluit, the capital

of Nunavut, reveals infrastructure at risk from rising sea levels. In contrast to Iqaluit, a relative sea-level projection for the

outlet of Baker Lake indicates that sea level is expected to continue to fall throughout the 21st century because of the large

rate of land uplift.

Résumé

En partenariat avec le Bureau géoscientifique Canada-Nunavut, les scientifiques du Secteur des sciences de la Terre de

RNCan et leurs collaborateurs ont mené des travaux dans plusieurs régions où l’industrie des ressources est active au

Nunavut, dans le cadre du projet d’infrastructure côtière du programme Géosciences des changements climatiques du

Secteur des sciences de la Terre. Ces activités ont porté sur la caractérisation du littoral, l’instabilité côtière, le changement
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du niveau de la mer, les dangers menaçant la zone côtière et la vulnérabilité dans le contexte du changement climatique. Une

mosaïque d’images satellites (SPOT) et l’interprétation de la vidéo côtière du golfe de Coronation et des régions

environnantes permettent d’établir une caractérisation de base de la côte. Les applications potentielles comprennent

l’évaluation de l’accessibilité et de la nature des sites portuaires candidats, et l’évaluation des ressources en granulats

disponibles. Une étude sur le changement côtier de Kugluktuk révèle que la côte sur laquelle est érigée l’agglomération est

en grande partie stable, mais qu’elle connaît des changements rapides près du port et sur les îles du delta de la rivière

Coppermine, ainsi qu’une érosion localisée des berges dans la ville. Une évaluation des risques côtiers à Iqaluit, capitale du

Nunavut, révèle que l’infrastructure est menacée par la montée des eaux. Contrairement à Iqaluit, une projection du niveau

de la mer par rapport à la décharge du lac Baker indique que le niveau de la mer devrait continuer de baisser tout au long du

XXIe siècle en raison du degré important de soulèvement des terres.

Introduction

Scientists in the Earth Sciences Sector (ESS) of Natural Re-

sources Canada (NRCan) have been working with the

Canada-Nunavut Geoscience Office (CNGO) to address

coastal climate change issues across Nunavut under the

Coastal Infrastructure Project of the ESS Climate Change

Geoscience Program (CCGP; Figure 1). The focus of activ-

ities has been regions, localities and communities where the

resource industry utilizes existing coastal infrastructure or

where industry activity may lead to development of coastal

infrastructure. These developments are affected by coastal

conditions and processes that can be observed and inter-

preted by a variety of local and remotely sensed techniques.

Presented here is a summary of CCGP activities that con-

tribute to safe development on Canada’s Arctic coasts in a

changing climate. As shown on Figure 1, the focus this year

has been Coronation Gulf and surrounding regions, al-

though activities have also occurred in other parts of Nun-

avut.

Coronation Gulf video mapping

Scientists in the CCGP, with support from CNGO and the

ESS Environmental Geoscience Program, will use nine

hours of colour aerial video coverage, including shore-

zone commentary, for the coastline of Coronation Gulf to

map coastal landforms and material composition. The ae-

rial video survey was flown for Environment Canada from

August 18–25, 1994 (Figure 2) to provide a general physi-

cal characterization of the shoreline for oil spill contin-

gency planning (Gillie, 1995). Seven of the original 14

tapes (for the Coronation Gulf coastline) were converted to

DVD to ensure that the quality of the imagery was suitable

for coastal mapping and interpretation. An initial assess-

ment has confirmed that this imagery will provide useful in-

formation about the coastal zone that can be used to not

only populate NRCan’s CanCoast coastal geospatial data-

base (Manson et al., 2012), but also to provide specific

coastal attribute information for Kugluktuk and the poten-

tial port site of Grays Bay.
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Figure 1. Location of Climate Change Geoscience Program activities in Nunavut in 2012. Port
sites shown in the large map have been developed (Hope Bay mining project) or are being con-
sidered for development (Grays Bay and Bathurst Inlet) by mining companies.



The mapping, interpretation and transfer of the physical

features of the shoreline into the existing ArcGIS-based

CanCoast database will enable user-defined queries of spe-

cific coastal forms and materials and provide information

on accessibility to proposed port sites. The coastal classifi-

cation will comprise a single layer of information, which

can then be used to understand the variability of this section

of coast, to assess coastline sensitivity, to improve the un-

derstanding of coastal hazards and to be used as a baseline

from which future coastal change can be determined. The

mapping and input of Coronation Gulf coastal information

into the database is planned to be completed by March 31,

2013.

SPOT mosaic for Coronation Gulf,
Nunavut: pilot study for a mosaic of
Canada’s Arctic coast

In a collaborative project by ESS, CNGO and GeoNet

Technologies Inc., a pilot study was initiated to explore the

feasibility and uses of a coastal mosaic of SPOT satellite

imagery in the Coronation Gulf and to assess the effort re-

quired to create a medium resolution optical mosaic of Can-

ada’s Arctic coast. The SPOT imagery was chosen because

it is freely available from GeoBase® thus derived products

are not subject to licensing and can be freely distributed.

Additionally, it is available at 10 m resolution in the pan-

chromatic band (resampled from 5 m resolution data) so it

shows much more detail than freely available 15 m Landsat

(Figure 3). Finally, SPOT imagery is already orthorectified

and requires no processing other than mosaicking and

colour-matching, thus substantially reducing effort.

The mosaic comprises almost 60 scenes collected between

2005 and 2010. It covers approximately 3000 km of the

mainland coast of Nunavut between Coronation Gulf and

Queen Maud Gulf, including the community of Kugluktuk,

the port site at the Hope Bay mining project and other po-

tential port sites in Grays Bay and Bathurst Inlet (Figures 1,

4). These local sites are influenced by broader regional

coastal conditions and processes that can be interpreted

from the SPOT satellite imagery. Because the images have

been acquired over several years, the mosaic does not rep-

resent a single point in time so it cannot be used in a land-

scape change study or for sea-ice mapping. Nevertheless,

placing local areas in a regional context gives pertinent in-

formation, which may contribute to safe development on

Canada’s Arctic coasts.

Accumulations of unconsolidated material, which may rep-

resent sources of aggregate on land, can be recognized in

the imagery suggesting the mosaic could be of use in target-

ing areas of aggregate exploration. This is of particular im-

portance in permafrost-rich areas as development requires

significant amounts of aggregate.

The pilot study has confirmed that the methodology is

proven and it is feasible to construct a mosaic for the Cana-

dian Arctic coast south of the 81st parallel.

Coastal sensitivity analysis to support
development

The communities of Kugluktuk and Cambridge Bay, as

well as mining port sites at the Hope Bay mining project

Summary of Activities 2012 145

Figure 2. Location map showing flight lines and tape numbers for the 1994 aerial video coverage of Coronation Gulf and Queen
Maud Gulf, Nunavut. Tapes 2, 6, 10, 11, 12, 13 and 14 will be used for mapping physical shoreline features for Coronation Gulf.
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Figure 3. Comparison of 15 m Landsat imagery (left; GeoBase
®
, 1999–2003) with 10 m SPOT imagery (right; GeoBase

®
,

2005–2010) for a raised beach ridge plain west of Kugluktuk, Nunavut.

Figure 4. The area in Nunavut covered by the Coronation Gulf SPOT mosaic pilot project (GeoBase
®
, 2005–2010). Grey tones are land,

white areas are sea ice (or lake ice), and black areas are open water.



(existing) and Grays Bay (proposed), were chosen for de-

tailed coastal change studies. The impacts of a warming cli-

mate are uncertain, but an assessment of historical coastal

change can indicate areas that may be especially vulnerable

to future environmental change. In this activity, the position

of the coast is compared over time, based on historical

airphotos and satellite imagery, to determine areas of high

erosional and depositional activity.

Preliminary results at Kugluktuk reveal that the town site

has remained relativity stable since the 1950s (Figure 5;

Covill, 2012; Whalen et al., 2012), although field investi-

gations show that there is localized bank erosion in town.

However, high rates of shoreline retreat (average 0.7 m/yr,

maximum 1.3 m/yr) have occurred on either side of the

town barge site and on the eastern edge of the Coppermine

River. Also, the unconsolidated material surrounding the

rocky islands located at the mouth of the river has been re-

worked and shifted around. In fact, the outer islands appear

to be migrating to the west with a net decrease in size by al-

most 25% over the last 60 years. This suggests that fluvial

sediments are bypassing this zone and being deposited far-

ther offshore. It is possible that sediment progradation on

coastlines farther to the west is favoured by this source of

sediment.

This work is planned to be completed by March 31, 2013, as

a deliverable to the CCG and the Environmental Geosci-

ence programs.

Coastal hazard mapping in Iqaluit

Fieldwork for coastal hazard mapping in Iqaluit was under-

taken in 2010 and 2011, with the aim of supporting sustain-

ability planning and climate change adaptation initiatives

for the City of Iqaluit and the Government of Nunavut. The

work was funded through the ArcticNet Networks of Cen-

tres of Excellence of Canada (NCE) program, the C-

Change International Community-University Research Al-

liance (ICURA) project, Memorial University (Department

of Geography) and the Aboriginal Affairs and Northern

Development Canada’s Northern Scientific Training Pro-

gram. It also included an M.Sc. thesis (S.V. Hatcher, Me-

morial University). Fieldwork was conducted under the

CCGP and was run collaboratively by members of the

Geological Survey of Canada and CNGO.

Real time kinematic (RTK) GPS surveying of the coastline

was carried out for geomorphological mapping of the tidal

flats of Koojesse Inlet and to determine the foundation ele-

vations of waterfront structures. Marine mapping was con-

ducted from a chartered freighter canoe using sidescan so-

nar and single-beam echo sounding. This was combined

with acoustic doppler current profilers moored in three lo-

cations off the flats, and four tide and wave recording in-

struments running continually until early November 2011.

Adetailed report on all field activities will be published in a

GSC open file.

The coastline of Iqaluit is dominated by the subarctic tidal

flats of Koojesse Inlet, composed of a sand-silt veneer un-
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Figure 5. Measurements of shoreline change calculated from comparison of historic airphotos and current satellite imagery at
Kugluktuk, Nunavut. The yellow lines show the shorelines of the islands in 1950. Image from DigitalGlobe, Inc., 2008.



derlain by stiff glaciomarine clay. Despite a tidal range of

8–12 m, current velocities are low and wave energy is con-

strained by the limited fetch. Storm surge effects are limited

and extreme water levels are largely a function of tidal

variance.

Prior to the 1970s, there was very little waterfront develop-

ment in Iqaluit. Since that time, a wide array of private, mu-

nicipal, federal and subsistence infrastructure has been

constructed close to the shore. There is now no buffer be-

tween historical high waters and the foundation elevations

of some waterfront infrastructure (Figure 6). Sea level is

projected to rise by as much as 0.8 m in Iqaluit by the year

2100 (James et al., 2011). This has the potential to increase

the frequency of flooding in coming decades (Hatcher et

al., 2010).

Most coastal use in the city is related to subsistence hunting

and fishing. The informal infrastructure (sheds and equip-

ment) that supports these activities is vulnerable to ex-

treme sea-level events (see ‘Shore infrastructure’ in

Figure 6). At the same time, the proximity and density

of formal development behind the beach may preclude

relocation of subsistence infrastructure as an adaptation

measure. Some roads, homes, drainage and pipeline fa-

cilities are within the reach of extreme tides today. The

projected water-level probability distribution with

0.8 m of sea-level rise would pose some risk to the sea-

ward end of the cemetery, additional roads and housing,

and the visitor centre (Figure 6).

Sea level projections

Globally, sea level may rise by a metre or more by the

year 2100. Locally, however, sea-level change depends

on vertical land motion. Land uplift can reduce the

amount of relative sea-level rise experienced at a loca-

tion, and land subsidence can increase the amount of

relative sea-level rise. In an earlier study carried out in

co-operation with CNGO, sea level projections were

provided for five communities of the Nunavut Climate

Change Partnership (James et al., 2011). For some com-

munities, such Arviat and Rankin Inlet, land uplift rates

are large enough that relative sea level is likely to con-

tinue to fall throughout this century.

In previous work, vertical land motion was estimated

through observations of past sea-level change because

sea-level observations are abundant throughout most of

the Canadian Arctic and because the GPS network of

permanent continuous trackers was relatively sparse.

The GPS network in northern Canada is, however, be-

coming denser. Globally, GPS is the preferred method

of determining vertical crustal motion. Consequently,

efforts have been made to generate sea-level projec-

tions using uplift rates from GPS. As part of this effort,

the CCGP, in partnership with the Geodetic Survey Di-

vision of the Canada Centre for Remote Sensing, has con-

tributed towards the installation of a continuous GPS

tracker at Rankin Inlet and reoccupation of campaign

benchmark sites in Rankin Inlet and Arviat. The new con-

tinuous tracker and reoccupation of campaign benchmarks

will lead to better observations of crustal uplift on the west

coast of Hudson Bay.

Figure 7 shows sea-level projections for two communities

where GPS trackers have been established for a sufficiently

long time that the uplift of the bedrock is relatively well de-

termined. For Kugluktuk, the projection using the GPS up-

lift rate is very similar to that reported by James et al.

(2011), showing the agreement in vertical crustal motion at

this location derived from GPS and from paleo–sea-level

observations. The projection for Baker Lake is new. The

community of Baker Lake is located inland, on the freshwa-

ter Baker Lake, and is supplied by ocean-going ships enter-

ing Baker Lake through Chesterfield Inlet. The sea-level
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Figure 6. Results of coastal infrastructure surveys in Iqaluit, Nunavut.
The lower graphs shows the distribution of historical tide-gauge re-
cords, with the 90, 95 and 99 percentiles indicated. The upper graph
shows foundation heights of infrastructure found along the coast, di-
vided into categories based on primary use.



projection at the outflow of Baker Lake into Chesterfield

Inlet is expected to be similar to the projection for the com-

munity of Baker Lake, shown in Figure 7. It shows that sea

level will continue to fall throughout this century, indicat-

ing a shallowing of the approaches to the Baker Lake out-

flow.

Economic considerations

The coastal zone is of paramount economic, social and cul-

tural importance in Nunavut. Road and rail networks to

southern Canada are lacking. Air transportation is a cost-

effective way of transporting persons and valuable goods

but, with the exception of diamonds, it is not an economical

means of transporting the raw or refined outputs of the min-

ing and oil and gas industries. Consequently, access to, and

utilization of, the coastal zone is especially important for

resource industries in Nunavut.

Ports, wharfs and landing sites at communities and at sites

developed by companies are key locations. Through them,

goods and supplies flow into Nunavut. They support com-

munities, enable resource exploration and the development

and operation of mines, and, in the future, may support the

development and extraction of oil and gas reserves. At

present, ore is delivered to ocean-going ships and shipped

south at Baker Lake, through the lake outlet and Chester-

field Inlet. In the past, ore was shipped from Little Corn-

wallis Island, Nanisivik (Baffin Island) and Rankin Inlet

and oil was shipped from the Bent Horn field on Cameron

Island. Several new mining projects are in development in

Nunavut and the number of ports exporting ore is expected

to grow. In Nunavut, 26 of 27 settlements are coastal com-

munities. The 27th, Baker Lake, is supplied by ocean-going

ships and shares many of the characteristics of a coastal

community. Numerous traditional hunting and fishing

activities take place at or near the coast.

The central role of coasts and the importance of coastal in-

frastructure in Nunavut require an understanding of the

complex and distinctive features of Arctic coastal systems,

including the potential impacts of climate change on

coastal stability and hazards. The activities described here

are focused on regions where there is substantial resource

industry activity, such as Coronation Gulf, or where there is

a population base, such as Iqaluit. They will

� provide information on the coastal stability and hazards

of human settlements (Kugluktuk and Iqaluit);

� have the potential to contribute to the assessment of ag-

gregate resources and the nature and accessibility of

candidate port sites (Coronation Gulf); and

� provide information on expected changes to local rela-

tive sea level that differ substantially from projected

changes to mean sea level (with implications for future

under-keel depths and navigability, particularly in

western Hudson Bay).

Collectively, this information will contribute to reducing

the risk to existing and proposed future coastal infrastruc-

ture in Nunavut.

Conclusion

Improved characterization of the coastline and coastal pro-

cesses throughout Nunavut arms decision-makers with

knowledge to better plan for development and protect ex-

isting infrastructure from the impacts of climate change.

Natural Resources Canada and the Canada-Nunavut

Geoscience Office, through the Climate Change Geosci-

ence Program, are providing this knowledge and working

with local and territorial governments to ensure its uptake.
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Figure 7. Projected changes to mean global sea level (left) and
site-specific projections for the communities of Baker Lake and
Kugluktuk, Nunavut, from 2010 to 2100. The site-specific projec-
tions take into account vertical land motion, as well as the uneven
redistribution of meltwater in the global oceans. The dark shading
on the global sea-level bar has a minimum value of 28 cm, which
corresponds to the late 20

th
century sea-level rise rate of 3.1 mm/yr.

The maximum value is 69 cm, which corresponds to the Intergov-
ernmental Panel on Climate Change's (IPCC) maximum emissions
scenario plus an additional contribution due to ice dynamics, as de-
scribed in the IPCC 4

th
Assessment Report (Meehl et al., 2007).

The light shading includes later ‘semi-empirical’ projections of
larger amounts of sea-level rise. The black lines in the community-
specific projections indicate the uncertainty arising from the mea-
surement of vertical crustal motion. See James et al. (2011) for
more information.
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