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Abstract

This paper examines environmental conditions and landscape hazards in the hamlet of Kugluktuk, Nunavut, based on ob-

servations made during a reconnaissance field survey in summer 2009, and an analysis of stereo airphotos. Conditions as

they relate to permafrost, terrain and coastal stability and their potential impacts on infrastructure are assessed based on the

present-day, and also how future climate change may positively or negatively increase perceived risk. This research is de-

signed to assist future community planning activities by identifying the range of potential landscape hazards that currently

exist, and indicating which conditions will require detailed analysis, monitoring and integration.

Résumé

Le présent rapport porte sur les conditions environnementales et les risques de nature géomorphologique auxquels fait face

le hameau de Kugluktuk, au Nunavut, en fonction d’observations faites au cours d’un levé de reconnaissance sur le terrain

effectué pendant l’été 2009, ainsi qu’à partir de l’analyse de stéréogrammes aériens. Les conditions associées au pergélisol,

à la stabilité du terrain et des zones côtières, et leurs répercussions possibles sur l’infrastructure, ont fait l’objet d’une

évaluation en fonction des circonstances qui prévalent, ainsi qu’en fonction de la façon dont les changements climatiques

sont susceptibles d’accroître dans un sens soit positif, soit négatif, le risque perçu. Ces recherches peuvent contribuer à la

mise au point d’outils susceptibles de venir en aide aux activités de planification communautaire futures en permettant

d’identifier la gamme de risques de nature géomorphologique qui menacent la région à ce moment précis et de déterminer

lesquelles de ces conditions exigent que l’on procède à leur analyse détaillée, à leur surveillance et à leur intégration dans le

processus de planification.

Introduction

Arctic coastal communities are recognized as being partic-

ularly sensitive to projected climate change. Some of this

sensitivity reflects the dynamic and direct linkage commu-

nity members have with the land and surrounding seas,

both in terms of their utilization of these for travel corri-

dors, and as it pertains to traditional hunting and other

country food harvesting. Changes in sea-ice regime, in

terms of its seasonal extent, thickness and stability, will

have the greatest immediate impact on arctic coastal com-

munities. The focus of this reconnaissance assessment,

however, is landscape stability as it pertains to potential im-

pacts on existing infrastructure, and how such insights can

be used to guide investigations supporting future adap-

tation strategies and hamlet planning guidelines.

Information presented here is based on a site visit to

Kugluktuk on August 18–21, 2009. Information gathered

during the community visit included field surveys and foot

traverses throughout the townsite, tours provided of vari-

ous infrastructure and development areas, and conversa-

tions with community members, local government officials

and planning organizations. Additional information in-

cluded in this assessment was derived from analysis of

archival stereo airphotos.
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Location and physiography

Kugluktuk (formerly known as Coppermine) is

located on the north coast of mainland Canada,

on the western edge of the Coppermine River

where it empties into Coronation Gulf (67°49'N,

115°06'W; Figure 1). It lies north of the treeline

in the southern Arctic tundra biome, a region

commonly referred to as the Barren Grounds.

Bedrock in the area is typically gabbro (Bara-

gar and Donaldson, 1973) and the surface is of-

ten bare. Elsewhere, the landscape is covered

by extensive shrub, herbaceous plant and moss

cover. The terrain in the Kugluktuk area is char-

acterized by coastal lowlands and a series of

steplike terraces and deltas rising from ~10 m

above sea level to 170 m above sea level at the

marine-limit delta (which marks the highest

position reached by the postglacial sea) situ-

ated 50 km up the Coppermine River at Mus-

kox Rapids. These terraces and deltas formed

during the retreat of the last ice age (more than

11 000 years ago) and throughout the

period of Holocene isostatic uplift

(Figure 2). Isostatic uplift is still on-

going and, in concert with eustatic

(sea level) changes related to climate

change, it is estimated it will account

for a net rise of the land of up to 10 cm

between 2010 and 2100 (James et al.,

2011).

The surficial geology of the region

surrounding Kugluktuk is depicted in

maps by St. Onge (1988), Kerr et al.

(1997) and Dredge (2001). A more

detailed reconstruction based on

airphoto interpretations is presented

in Figure 3. Bedrock outcrops are

prominent throughout the town. The

majority of unconsolidated sediments

within the town are related to sub-

mersion of the landscape during de-

glaciation, and its subsequent iso-

static uplift. A prominent, flat delta

terrace, upon which the airport run-

way was built, is situated approxi-

mately 30 m above sea level and is con-

sidered to have formed approximate-

ly 6000 years ago (Figures 2b, 3, unit

Gd; Dredge, 2001). Around 5000

years ago, sea level was about 20 m

higher than it is today, and the Cop-

permine River drained through both a

west channel (west of present-day

Kugluktuk [beyond the extent of Fig-
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Figure 1: Location map of Kugluktuk (formerly Coppermine), situated at the
mouth of the Coppermine River, in western Coronation Gulf, Nunavut. Black dots
(with site number) represent ground thermal profile and lakewater monitoring
stations from Wolfe’s (2000) study; white circles (with site number) represent air
and near-surface ground temperature stations (from Wolfe, 2000, p. 6).

Figure 2: Final stages of deglaciation and emergence of the land around Kugluktuk: a) land
(white areas bounded by thick black lines) and sea (grey area) about 8000 years ago, and de-
velopment of the terraces (stippled areas) at 70–80 m above present sea level along the
Coppermine River; modern coastline indicated by thin grey line; b) development of the delta
6000 years ago and emergence of Saddleback hill; sea level was about 30 m above the pres-
ent level; c) coastline about 5000 years ago, when the west channel of the Coppermine River
was active and sea level was about 20 m above the present sea level; d) land and sea about
3500 years ago, when sea level was 10–15 m above present. Arrows on the figure represent
proglacial drainage paths during deglaciation. Modified from Dredge (2001, p. 26).
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ure 3]) and along an east channel that followed a similar

path to the modern river (Figure 2c). An extensive flat sand,

silt and gravel terrace situated west of the community was

formed during this period. By 3500 years ago, sea level was

10–15 m above present and drainage occurred along the

modern Coppermine River channel only. Sand, silt and

gravel terraces forming the northern shoreward margins of

Kugluktuk and raised alluvial terraces east of the airport

along the Coppermine River (Figure 3, unit At) were de-

posited at this time of a higher sea level (Figure 2d). Ero-

sion of the raised alluvial terraces by the Coppermine

River, over the past 3500 years of isostatic uplift, has pro-

duced the extensive alluvial plain (Ap) shown on Figure 3,

much of which appears to experience seasonal or occa-

sional flooding. Alluvial sediments are also found west of

town along small streams (some of which may be ephem-

eral) that cut perpendicular downslope through areas of ex-

tensive beach ridges. In places west of town, these channels

are over-deepened and -widened suggesting that they have

incised into ice-rich terrain. The terrain underlying the cen-

tral part of Kugluktuk comprises a marine-washed surface

lag. Sediments are predominantly sandy, but may contain

significant quantities of finer grained material (silt and

clay) and clasts. Till was not identified in the field, but may

underlie some areas. Thicknesses of unconsolidated sedi-

ments in the M terrain unit areas are generally thin (<2 m),

but locally may infill deeper bedrock hollows. Ice content is

unknown in this unit, but it may be significant in the areas

of infill and small in the other areas based on an absence of

thermokarst surface morphology. However, in the area of

the sealift and port facility (west of the townsite; Figure 3),

extensive pitting and surface ponding suggests that the pre-

dominantly marine sediments in this area have undergone

thermokarst (Figure 3, unit Mk), that is, melting of ice-rich

permafrost. Areas surrounding this exhibit a hummocky to-

pography (Figure 3, unit Mh) also suggestive of differential

ground ice melt. Most of the remaining terrain in the

Kugluktuk area is characterized as beach ridges (Figure 3,

unit Mb) where distinctive parallel ridges extend perpen-

dicularly upslope, often with small ponds impounded be-

hind ridge crests. Large ice wedges and extensive erosion

by small streams in both the beach ridge (Mb) and glacio-

fluvial delta (Gd) deposits suggest that ice content may be

significant, but highly variable in these deposits. Organic

deposits are found in low-lying wet terrain, west and south-

west of the airport. Thickness of organic matter in these ar-

eas is unknown.

Projecting through the terraced landscape is a series of par-

allel east-northeast–oriented, elongate bedrock hills char-

acterized by cliffed southern faces and more gently sloping

northern faces. Cliffed areas are frequently associated with

talus accumulations. Prominent bedrock outcrops occur

throughout the town and, based on their physiographic ex-

pression, bedrock is considered to shallowly underlie much

of the central and southern extents of the townsite.

Climate

Kugluktuk’s weather is influenced by arctic air masses

year-round and is characterized by short, cool summers and

long, cold winters. Based on the 1971–2000 Canadian cli-

mate normals (Environment Canada, 2013), Kugluktuk has

a mean annual air temperature of –10.6°C, with monthly

averages ranging from a low of –27.8°C in January to a high

of 10.7°C in July. The coldest temperature was –47.2°C on

February 20, 1998, and the warmest temperature was

34.9°C on July 15, 1989. Annual average precipitation is

249.3 mm, of which roughly half (133.4 mm) falls as rain,

the rest (165.7 cm) as snow. Average maximum snow depth

is ~0.5 m, and is typically present throughout February,

March and April. Extreme daily rainfall was 53.7 mm on

August 12, 1982, whereas extreme daily snowfall was

26.2 cm on January 1, 1988. This extreme rainfall event

was eclipsed by the 55.7 mm of rain received July 20, 2007,

immediately followed by the 115.0 mm received July 21,

2007 (Prno et al., 2011). Monthly average wind speed is

fairly constant year-round, ranging from 19 km/h in Janu-

ary to 14 km/h in June. Wind direction does show seasonal-

ity, being predominantly from the southwest in winter and

from the east in summer. Maximum monthly hourly wind

speeds are almost always from the northwest, and maxi-

mum gusts range from 74 km/h in June to ~106 km/h in the

December–March period. Over the period of 1978–2008,

there appears to be a 1–1.5°C increase in mean annual air

temperature (Figure 4; Environment Canada, 2013).

Permafrost

Kugluktuk lies within a region of continuous permafrost.

Depth of seasonal thaw (active layer thickness) is unknown

in Kugluktuk and is likely to be spatially variable depend-

ing on parent material, vegetation cover and seasonal snow
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Figure 4: Graph of mean annual air temperature from 1978–2008,
Kugluktuk, Nunavut (Environment Canada, 2013).



cover. Short term (~1 yr) thermistor profiles collected for

two near-coastal sites, ~20 km east of Kugluktuk (Figure 1,

sites GSC 001, 002), show depth of thaw penetrating be-

tween 1.5 and >2 m (Figure 5; Wolfe, 2000).

Periglacial landforms are widespread in the Kugluktuk

area, and garner consideration in any development pro-

posal. While much of the marine sediments that blanket ar-

eas of Kugluktuk are predominantly sand, they do contain

significant proportions of silt and clay. These sediments are

conducive to water retention, which in a permafrost envi-

ronment becomes ice. During initial permafrost aggrada-

tion into these sediments (following isostatic uplift), water

would have migrated through the sediments to a freezing

front, leading to the development of horizontal ice lenses. It

is suspected that such lenses (which can range from milli-

metres to decimetres thick) are present in the lower alluvial

terrace sediments (Figure 3, unit At), upon which much of

the northern part of Kugluktuk is built. An assessment of

the ice content in these sediments is important for determin-

ing foundation stability of existing buildings and for future

infrastructure design. Consideration should be given to the

potentially increased thaw subsidence that may occur un-

der climate warming. If ice lenses do occur in these alluvial

terrace sediments, then their exposure to wave action along

the shore, causing erosion and slumping of sediments (Fig-

ure 6), or their exposure to surface runoff, causing erosion

and incision (Figure 7), could lead to increased and rapid

coastal retreat, imperilling nearshore infrastructure.
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Figure 5: Ground temperature profiles for a) site GSC-001 (location shown on Figure 1; Wolfe, 2000, p. 39) and
b) site GSC-002 (location shown on Figure 1; Wolfe, 2000, p. 40), near Kugluktuk, Nunavut.



Saline permafrost (Biggar and Sego, 1993; Hivon

and Sego, 1993) is also an issue throughout the

Kugluktuk area. Because the whole region was inun-

dated by the sea, and then subsequently isostatically

uplifted, the marine sediments would naturally con-

tain saline pore waters. During aggradation of per-

mafrost into these sediments, brines would have

formed, until they eventually became trapped within

interstitial crystal lattices. The nature of saline per-

mafrost is such that it weakens the bonds of the crys-

tal structure, making the permafrost far more plastic

and deformable than nonsaline permafrost. The

presence of brines also depresses the freezing point,

such that saline permafrost will melt at lower tem-

peratures than regular permafrost, and thus is more

susceptible to changes in ground temperature as may

occur under projected climate warming.

Perceived sensitivities to climate
change

Observations from this reconnaissance visit and sub-

sequent research, presented above, are used to infer a range

of landscape sensitivities in the Kugluktuk region to poten-

tial climate change. It is stressed, however, that these infer-

ences require more field-based study and substantiation be-

fore they may be incorporated into a design/adaptation

strategy. They are perhaps most useful in identifying

knowledge needs/gaps that can be used to support the plan-

ning process.

1) In the specific context of climate warming, landscape

and permafrost-related hazards in Kugluktuk appear to

be of low risk. That is not to say that there could not be

significant impacts on local infrastructure. It is just that

as most of the town is situated on bedrock, or on a thin

veneer of predominantly sandy sediments overlying

bedrock, it can be regarded as occupying an enviably

stable building platform.

2) Warming could have a potential influence on thaw sub-

sidence in the alluvial terrace sediments (Figure 3, unit

At) upon which the northern extents of the town are

built. Sediment coring would have to be undertaken to

determine and characterize this risk.

3) Based on the presence of thermokarst terrain along the

beachfront regions in the port facility and west of there

(Figure 3, unit Mk), it can be deduced that some of the

areas covered by raised beaches contain significant

quantities of buried ice. This is not unusual, as during

the beach-forming process, ice push and subsequent

burial of ice masses can occur. Urban development,

such as roads and building pads in areas of beach ridges,

would need to take into account the potential presence

of buried ice. This includes any trenching activities that

might expose ice-rich sediments.
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Figure 6: Erosion of sandy alluvial terrace sediments along Kugluktuk’s
northern shore, Nunavut. Gabion baskets (foreground), which were installed
to reduce erosion, are now being undercut and/or destabilized by wave-
induced erosion. Wave-induced undercutting of vegetated slopes, seen in
the background (marked by arrows), has resulted in slumping of sediments
along the base of the active layer. Exposure of underlying frozen sediments
along cracks will lead to further erosion.

Figure 7: Stream erosion atop alluvial terrace sediments beside
the seashore, Kugluktuk, Nunavut. Channelling of meltwater and
rainwater from the community through an unarmoured channel
has resulted in physical erosion and incision. Incision of the chan-
nel has also likely led to melting of underlying permafrost, resulting
in thermal erosion, and enhanced over-deepening of the channel.
Slumping of sediments along channel margins points to ongoing
instability and lateral propagation of the channel margins.



4) Over-deepened and -widened alluvial channels, found

adjoining the runway and elsewhere in regions of exten-

sive raised beach cover, suggest that the stream channel

morphology reflects melting of ice-rich sediments.

Stream diversion efforts, such as has been undertaken

along the western end of the airport runway, must take

this into account. Simple excavation of ditches will not

protect underlying permafrost. Armouring of the bed

with larger rock material will be required to ensure that

easily eroded sandy sediments are not removed, as this

could lead to further thermal erosion of underlying sedi-

ments and accentuated erosion.

5) The extensive network of ice wedge polygons and indi-

vidual ice wedges in the glaciofluvial delta terrace (Fig-

ure 3, unit Gd) that underlies most of the airport merits

significant attention. The large size (length and width)

of ice wedges suggests significantly large ice masses un-

derlie the active layer in this region. Climate warming

could result in melting of the upper sections of these ice

wedges leading to subsidence along the ice wedge de-

pressions. These depressions then readily form drain-

age conduits, leading to increased thermal melting of

the ice wedge, and continued subsidence. In extreme

cases, channelling of meltwater along these ice wedge

depressions can result in the rapid melting and incision

of the entire ice wedge below, resulting in metres of in-

cision and destabilization of the adjacent slope materi-

als. The morphology of various tributary streams flow-

ing east from this area down toward the Coppermine

River suggests that they have formed in part by this pro-

cess. Even though it can be argued that this area

emerged from the sea over 5000 years ago and thus

shows considerable stability, it must be recognized that

the construction of infrastructure, and particularly the

diversion of meltwater from pre-existing pathways, can

have dramatic consequences upon a permafrost land-

scape. Changes in snow drifting can also be of potential

significance here in terms of meltwater generation and

thermal insulation of the ground. On the south side of

the airport runway, a large area of surface sediments has

been removed—presumably as part of the runway con-

struction process. Removal of the surface layer will un-

doubtedly have exposed ice wedges or at least caused

the active layer to now extend down below their top. It

can be anticipated that ice wedges will exhibit pro-

nounced melt and subsidence in this region until equi-

librium conditions are re-attained. Attention would

need to be paid to ensure that subsidence/erosion does

not propagate headward into the runway pad.

6) In addition to the ice wedge polygons in the glacio-

fluvial delta terrace region, some areas east of the air-

port terminal pad show evidence of thermokarst, sug-

gesting that the ice wedge polygons themselves may

have significant ice contents below them. Under a

climate-warming scenario, it could be anticipated that

further subsidence may occur in this region. Any devel-

opment considerations in this area would have to first

assess subsurface ice content.

Climate warming is only one component of climate change,

and thus a broader scope of environmental changes and po-

tential impacts must be assessed with respect to determin-

ing risk in Kugluktuk.

7) Changes in sea ice are likely to produce the biggest im-

pacts on day-to-day life for residents of Kugluktuk.

Even though most of this research is beyond the scope

of this assessment, impacts of reduced summer sea-ice

cover, particularly as it pertains to reductions in the ex-

tent of shorefast ice and increases in wave fetch, need to

be taken into account in regards to shore stability. This

is likely to be less of an issue in the more gently inclined

regions of the beach occupying the western part of the

town. In the eastern part of the town, where there is a

fairly steep shore profile (Figure 6), reductions in sea

ice and increased wave action may accelerate shore ero-

sion. Note, wave action also needs to take into account

wakes from boats operating close to the shore. The pres-

ent gabion baskets appear insufficient, and need to be

reconstructed or bolstered in order to halt further ero-

sion taking place. Several small shacks and two housing

properties appear to be at direct risk to continued shore

erosion and coastal slumping.

8) Even though Kugluktuk presently lies within a region

that is continuing to experience positive isostatic uplift

(projected to be up to 10 cm between 2010 and 2100

[James et al., 2011]), it is conceivable that under various

climate-change scenarios, it may start to see net subsi-

dence when eustatic (sea level) rise outpaces isostatic

(land) uplift. James et al. (2011) project that sea level at

Kugluktuk could rise up to 50 cm between 2010 and

2100. Significant changes could thus occur along vari-

ous shore profiles, and indeed it is possible that storm

surges could see flooding of low-lying thermokarst ter-

rain around the port facility and west of there.

9) Protection of Kugluktuk’s water supply must be exam-

ined in terms of its long-term sustainability. Currently,

freshwater is drawn from the Coppermine River, by a

large pipe system, into settling ponds and a holding

tank. It was reported to the author that the town has ex-

perienced several saltwater incursion events that have

temporarily contaminated their water supply. Reasons

for this are potentially manifold, but it may be a conse-

quence of increased storm surge brought about by

higher winds and increased open-water fetch during pe-

riods of reduced summer sea-ice extent. Changes in

channel geometry within the Coppermine River are also

a likely contributor. Historical and ongoing surveys of

beach and nearshore profiles by Natural Resources
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Canada (D.L. Forbes and G.K. Manson, unpublished

data, 2013) do not incorporate the region around the

freshwater intake. It is suggested that a detailed bath-

ymetric and hydrological survey be established near the

freshwater intake in order to better understand the na-

ture of the hydrological system, particularly as it applies

to mechanisms leading to saltwater incursions. Such a

survey could also be used as a bench mark upon which

future changes can be assessed. It also needs to be rec-

ognized that changes in channel depth and sedimenta-

tion will naturally occur in this region of the Copper-

mine River as a consequence of continued isostatic

uplift, eustatic rise and delta formation. Melting of ice-

rich permafrost and increased formation of active-layer

detachments along the banks of the Coppermine River

(c.f. Dredge, 2001) may also result in increased sedi-

mentation rates and shallowing of the Coppermine

River, further exacerbating the problem.

10)Urban hydrology is universally identified as a problem

in northern communities. Poorly maintained, often un-

dersized drainage culverts and a lack of retrofitting of

downstream drainage systems to handle new, upslope

infrastructure development (which results in an in-

creased and hurried routing of meltwater and precipita-

tion) is a significant problem. In Kugluktuk, it has to be

recognized that the sandy nature of the surface sedi-

ments and those used in road construction are particu-

larly susceptible to stream erosion. The dramatic ero-

sion of streets (Figure 8) during the July 20–21, 2007

extreme precipitation event (170.7 mm) points to the

problem of insufficient urban drainage capacity. Rout-

ing of meltwater must be addressed from source, right

down to output into the sea or Coppermine River. As

demonstrated in Figure 8, free drainage across unpro-

tected surface sediments can lead to rapid erosion and

incision of drainage channels, which can then perpetu-

ate thaw subsidence of underlying ice-rich permafrost

leading to further erosion and channel incision. Drain-

age infrastructure built to handle existing meltwater and

precipitation regimes may not be suitable to address

what could occur under climate-change scenarios that

foresee increased storm activity and seasonal rainfall.

11)Another component of urban hydrology that needs to be

addressed is that of surface ponding of water. Construc-

tion of roads and building pads can lead to impound-

ment of meltwater and precipitation. In permafrost en-

vironments, ponding of surface water can lead to

thermal erosion of underlying materials. When this oc-

curs in ice-rich sediments bordering culverts, it can re-

sult in subsidence of land effectively stranding the cul-

vert above the subsided surface—a positive feedback

loop that leads to increased ponded water depth and

greater thermal erosion and therefore further subsi-

dence. Ponded water can also saturate coarse materials

used in most building pad construction. Building pads

purposefully use coarse materials in order to ensure free

drainage of water away from them. If water is allowed

to pond around a building pad, then it can be anticipated

that ice will seasonally form within the pad, resulting in

differential heave of the building above it and pro-

gressive disturbance and compromising of the pad’s in-

tegrity.

12)Snow drifting is something that has to be considered in

building design and community planning. In terms of

climate change, there may be changes in both the

amount of snow (increased) and perhaps more signifi-

cantly, changes in wind direction and strength, particu-

larly during storm events. This can result in significant

changes in snowdrift patterns within the community.

Snowdrifts must be considered in terms of their insula-

tion properties and their eventual meltwater production

and the routing of this meltwater. In permafrost terrain,

it is often essential that materials be allowed to freeze

deeply each winter in order to preserve the existing land

stability. Snowdrifts act to insulate the ground materials

and can significantly alter the seasonal thermal profile,

allowing for a thickening of the active layer. Therefore,

changes in snowdrift patterns or thicknesses, including

consideration of where snow cleared from the airstrip or
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Figure 8: Erosion of Kugluktuk streets as a result of the extreme
July 20–21, 2007, storm event (170.7 mm; Environment Canada,
2013). Photo by J.Prno, 2007.



community streets is dumped, needs to be taken into ac-

count during the planning process.

Economic considerations

This report illustrates existing environmental conditions

and landscape and coastal hazards faced by infrastructure

within and adjacent to the hamlet of Kugluktuk. It further

considers how these factors may be compounded as a con-

sequence of climate change. Understanding of these condi-

tions and the risks they pose to infrastructure can be inte-

grated with future community planning in order to enhance

stability and sustainability, thereby reducing costs of

infrastructure development and maintenance.
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