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Abstract

An assessment of terrain and coastal sensitivity to climate change in Whale Cove, Nunavut, on the west coast of Hudson
Bay, was completed in 2009. Available climate data from 1986 to present show that significant warming is taking place and
that inter-annual climate variability has increased. Community members reported on the impacts of these changes on living
conditions and their traditional activities. The community was first established on low elevation beaches near the seashore
and a small pond was filled to make room for early buildings. Currently, the community is expanding on relatively flat, gla-
cially polished, bedrock surfaces, which make solid ground and are at little risk to be impacted by climate warming. Adapted
foundations for buildings on unconsolidated surficial sediments will be necessary in the older part of the hamlet in prepara-
tion for warming permafrost and increased active layer depth. The shoreline in the townsite is primarily made of bedrock,
but there are small pocket beaches, which host much of the coastal infrastructure. Sea-ice concentration is expected to de-
crease over the next few decades and it is anticipated that Whale Cove will experience higher and more frequent waves,
which may cause localized erosion. With possible changes in storminess, storm surges may also become more frequent but
will likely be no higher because storms are not expected to be significantly stronger. Relative sea level is falling in the area at
a rate of approximately 6.4 mm/yr due to crustal uplift and sea-level change. This presents an issue for coastal infrastructure
that will slowly be stranded above a lowering water line; wharfs may need to be lowered and extended. Accelerating global
and regional sea-level rise may cause a slowing of the rate of emergence at Whale Cove in the future.

Résumé

Une évaluation de la sensibilité du terrain et des zones côtières aux changements climatiques a été réalisée en 2009 à Whale
Cove, au Nunavut, sur la côte ouest de la baie d’Hudson. Les données climatiques recueillies depuis 1986 jusqu’à aujour-
d’hui révèlent que la région est sujette à un réchauffement important et que la variabilité interannuelle du climat a augmenté.
Des membres de la communauté ont exprimé leur opinion au sujet de l’incidence de ces changements sur leurs conditions de
vie et sur la poursuite de leurs activités traditionnelles. La collectivité a pris naissance sur les plages de faible élévation
situées à proximité du rivage et un petit étang a dû être comblé afin de créer l’espace nécessaire à l’implantation des premiers
immeubles. Actuellement, la collectivité continue de s’étendre sur des surfaces de substratum relativement plates, qui ont
été polies par le passage des glaciers; il s’agit d’un sol ferme qui présente peu de risque de subir les répercussions du
réchauffement du climat. Il faudra adapter les fondations des immeubles érigés sur des sédiments superficiels non consoli-
dés dans la partie plus ancienne du hameau en prévision du réchauffement du pergélisol et de l’augmentation de la profon-
deur de la couche active. La ligne de rivage du lotissement urbain est constituée essentiellement de substratum rocheux,
jalonnée de plages qui forment de petites enclaves sur lesquelles se dressent la plupart des infrastructures côtières. On
s’attend à une diminution de la concentration en glace de mer au cours des prochaines décennies et il est alors possible que
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Whale Cove subisse l’attaque de vagues plus fréquentes et plus hautes, susceptibles de causer de l’érosion à certains
endroits. Les changements possibles au niveau de la sévérité des tempêtes laissent prévoir une fréquence accrue des ondes
de tempête mais, puisque les tempêtes ne seront pas plus fortes, leur ampleur ne devrait pas changer. Le niveau relatif de la
mer s’abaisse au rythme d’environ 6,4 mm/a en raison du soulèvement de la croûte et du changement du niveau de la mer.
Cela pourrait causer des problèmes aux infrastructures côtières qui risquent de se trouver progressivement coincées au-
dessus d’une ligne d’eau qui ne cesse de s’abaisser; il faudra possiblement procéder à l’abaissement et à l’extension des
quais. À long terme, la vitesse croissante de l’augmentation du niveau de la mer à l’échelle mondiale et régionale pourrait
entraîner un ralentissement du taux d’émergence à Whale Cove.

Introduction

Under a changing climate, Arctic communities, such as
Whale Cove, Nunavut (Figure 1), are facing potential chal-
lenges related to the thawing of permafrost, expected sea-
level changes, and evolving coastal erosion and storm-
surge hazards. For example, the deepening of the active
layer over time affects soil-bearing capacity, soil drainage
and slope stability. Impacts are expected on building foun-
dations and municipal infrastructure, as well as marine in-
frastructure at the shoreline. Adaptation planning is
increasingly important to reduce the impacts of climate warm-
ing on terrain, coastal stability and community infrastruc-
ture.

Climate warming also generates impacts on the traditional
way of life of Inuit, who harvest an important part of their

food supply from the surrounding environment. This in-
cludes activities such as travelling, hunting, fishing and
gathering on the land and at sea, notably in winter over the
ice cover.

This short paper presents results of a brief assessment of
terrain conditions collected during a field visit to Whale
Cove on July 28–31, 2009. Some information relative to
other impacts of climatic events and climate change was
also obtained through discussions and meetings in the
community.

Physiography and coastal geomorphology of
Whale Cove

Whale Cove is located on the west coast of Hudson Bay
(62°10'20"N, 92°34'47"W), between Arviat and Rankin In-
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Figure 1: Satellite imagery of Whale Cove, Nunavut, showing coastal infrastructure. Background image
(Quickbird; DigitalGlobe, Inc., 2006) includes copyrighted material DigitalGlobe, Inc., all rights reserved.



let. The relief is generally low and the elevations in the
hamlet gently rise from sea level to about 20 m above sea
level (asl) on the rolling rock outcrops that make up most of
the landscape. The airport, which is located 9 km inland, is
built on a sandy plain at an elevation of only 8 m asl. Nu-
merous lakes are located in rocky depressions.

The region is at the core of the Canadian Shield and the bed-
rock consists of various types of volcanic rocks, such as ba-
salt, diorite and pillow lavas. Granite gneiss is also a wide-
spread rock type. The outcrops are glacially profiled;
roches moutonnées and striations are to be seen almost ev-
erywhere in the landscape.

Under the prevailing Arctic climate conditions, permafrost
is present in the bedrock. This implies that water is frozen
within structural features. The numerous bedrock heave

features on outcrops across the region are the most wide-
spread geomorphological evidence of the presence of per-
mafrost in the bedrock (Figure 2). The region was deglac-
iated approximately 8000 years ago and was thereafter cov-
ered by the Tyrrell Sea. The peninsula emerged only
recently.

The townsite (Figure 1) is near the southern end of a rocky
peninsula and flanked by a semi-enclosed bay to the west
and Hudson Bay to the east. The shoreline is predominantly
exposed bedrock covered in places by thin, raised, shelly,
gravel beach deposits with thicker beach deposits accumu-
lating in gullies between bedrock exposures. Beaches
within the hamlet boundary are typically small pocket
beaches confined between bedrock points, but farther north
along the outer coast, fringing barrier beaches are common,
as are multiple raised beach ridges on the emerged terrain
behind.

The tidal range at Whale Cove is 2.2 m (large tides). Storms
that bring high waves are typically easterly to southeasterly;
waves can reach 3–4 m offshore in a 50 km/h wind but are
lower once they impact the shoreline of the community
(G. Enuapik, pers. comm., 2009). Based on 30-year medi-
ans (1981–2010) available from the Canadian Ice Service
archives (Canadian Ice Service, 2013), freeze-up has typi-
cally occurred in early November and break-up of shorefast
ice in early July.

Current climate and recent climatic trends

The nearest climate station with a good quality meteorolog-
ical record is Rankin Inlet (airport). The normal (30-year
average, 1971–2000) mean annual air temperature was –
11°C (Environment Canada, 2013). Winter is very cold;
from December to the end of March, the daily air tempera-
ture varies between –25 and –38°C. The midsummer

months are typical of the shrub tundra
ecoregion: mean temperatures are
10.6°C for July and 10.8°C for Au-
gust. Mean long-term annual precipi-
tation is about 300 mm. Total snowfall
is about 120 cm and late-winter snow
cover is on average 30 cm thick.

Mean annual air temperatures have
significantly increased since 1986
(Environment Canada, 2013; Fig-
ure 3). The warming occurred in every
month of the year (Environment Can-
ada, 2013; Figure 4a, b). In the 1980s,
mean annual air temperatures were
around –12°C. However, tempera-
tures have varied around –9.7°C since
1994. The average warming trend
from 1982 to 2013 was 0.12°C/yr. The
inter-annual variability is currently
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Figure 3: Mean annual air temperature in Rankin Inlet, Nunavut, 1986–2012 (Environment
Canada, 2013).

Figure 2: Heaved bedrock disrupting a glacially polished rock sur-
face, near Whale Cove, Nunavut.



174 Canada-Nunavut Geoscience Office

Figure 4a: Mean monthly air temperature changes in Rankin Inlet, Nunavut, January to August, 1986–2012 (Environment Canada, 2013).



greater than in the 1980s; for example, from 2004 to 2005
the mean annual air temperature jumped from –13 to –
7.4°C. Such shifts imply important changes in daily and
monthly temperatures and in seasonal effects, such as
weather patterns, storm frequency and timing of ice forma-
tion on lakes and the sea. Analysis of Canadian Ice Service
charts shows local sea-ice concentration at Whale Cove in
November (freeze-up) has decreased significantly over the
last few decades (Canadian Ice Service, 2013; Figure 5).
This trend in sea-ice concentration and the increased vari-
ability in the weather make prediction of conditions more
difficult, affecting traditional land-use practices.

Trend lines applied to mean monthly air temperatures indi-
cate that the warming occurred principally over the fall and
in early winter (Figure 4a, b). October, November, Decem-
ber and January temperatures increased at rates from 0.15
to 0.19°C/yr. In the spring, April also warmed at a rate of
0.10°C/yr. These values are in accordance with observa-
tions by community members of a delay in freeze-up of wa-
ter bodies and sea-ice formation, as well as earlier and
faster spring thaw accompanied by a fast freshet and some-
times flooding conditions along streams. Even though they
remained cold, winters have definitely become shorter over
the past 20 years.

Potential impacts on permafrost

The observed warming of air temperatures inevitably has
an impact on permafrost. As ground temperatures increase,
the summer thaw depth (the active layer) gets deeper. How-
ever, it cannot be said precisely how much the active layer
has deepened in Whale Cove over recent years because
there has been no monitoring of active layer depth and
ground temperature. However, by general comparison with
regions of comparable climate, it is estimated that the active
layer may have increased by about 1 m in bedrock and by
several centimetres, even decimetres, in sediments such as
till (Smith et al., 2010). Permafrost thawing in the local
bedrock has practically no impact on terrain stability be-
cause the rock is massive and contains very little ice. In ar-
eas of poorly drained surficial sediments, permafrost thaw-
ing makes the ground more sensitive to artificial disturbance.
It may also destabilize some buildings and provoke some
thaw settlement under roads and airport runways.

The landscape in Whale Cove is bedrock-dominated with a
gently rolling topography, which makes it possible to con-
tinue development on stable ground (bedrock) while keep-
ing away from the poorly drained sediment areas.

Map of ground conditions

As a support to decision making, a surficial geology map was
prepared (Figure 6). The units of the legend represent broad
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Figure 4b: Mean monthly air temperature changes in Rankin Inlet, Nunavut, September to December, 1986–2012 (Environment Canada,
2013).



terrain categories that are representative of the site condi-
tions that exist within the community and which so far have
been taken into consideration by local managers and deci-
sion makers for urban planning.

The first map unit consists of poorly sorted sand and gravel,
which is generally found at low elevations. Afraction of silt
appears present in the sediments. This material is of marine
origin. In many places within this map unit, drainage is
poor in summer as the perched water table, overlying the
permafrost, is close to the surface. This map unit includes
an area of fill in the lower, older part of the community. This
was the site of a small pond that was filled with marine sedi-
ments from nearby pits to allow building construction. The
former pond area appears in the inset of Figure 6 as it was
mapped from old airphotos. It must also be mentioned that
the artificial soil at this former pond site was contaminated
many years ago by a diesel fuel spill near the power station.
One geotechnical study confirmed hydrocarbon contami-
nation in this area (EBA Engineering Consultants Ltd.,
1990). Dedicated geotechnical studies are recommended
before establishing large buildings in this map unit. The
new municipal garage in Whale Cove is a good example of
an appropriate design as it was built on thermosyphons (Fig-
ure 7).

The second map unit consists of shallow (<6 m), shell-
bearing, sandy-silty, poorly sorted sediments found in hol-
lows between rock outcrops. In the deepest part of these de-
posits, some till appears to be present beneath these marine
sediments. These marine sediments were reworked by
waves and coastal ice during postglacial land emergence.
They are the main source of fill and other aggregate mate-
rial and are extracted from numerous local shallow pits.

Many of these pits have now been
depleted and are mapped as bedrock
in Figure 6.

The third map unit is bedrock that
occurs over vast expanses of terrain.
As the topography is rather flat and
gently rolling over wide areas, this
terrain type provides solid ground
for construction. Some levelling is
required and can be achieved by
covering the bedrock surface with
small quantities of fill material (Fig-
ure 8).

Airport site

The airport site was also inspected
during the field visit. The gravel
runway was in good condition. The
surface is affected by numerous
frost cracks that open in winter and
sometimes sever buried cables, af-

fecting runway lights that need to be fixed frequently. Ac-
cording to the person in charge of maintenance, the runway
surface becomes soft during the spring thaw, which is nor-
mal for such infrastructure. Resurfacing is done every sum-
mer as part of normal maintenance. A concern was raised
about its long distance from the community (>8 km), which
makes efficient highway maintenance essential in order to
maintain access to the airport but difficult after snowstorms
as there is no garage for the machinery at the airport.

Coastal infrastructure

At Whale Cove, there are three main components of coastal
infrastructure: the fuel resupply facility; the community
pier; and the supply barge landing. There are several other
areas where small boats are pulled ashore. These small boat
landings range from skidways to landings on sand or gravel
beaches cleared of boulders. The community dump is also
close to the shoreline.

The fuel resupply facility (Figure 9) is located near the tank
farm southwest of the community. Fuel barges moor off-
shore and connect temporarily to permanent onshore pipe-
lines to refill tanks. No evidence of wave impact or flooding
was observed on the infrastructure and the highest wrack-
line at time of observation was below the terminus of the
pipeline.

The community pier (Figure 10) is a filled timber breakwa-
ter in a sheltered cove in the eastern part of the community.
It was built circa 2004 and shows signs of ice damage at its
southwestern corner. Its function is not clear as its deck is
too high for use by the majority of boats in Whale Cove at
the time of the field visit and its foot is too shallow for per-
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Figure 5: Trend in sea-ice concentration off Whale Cove, Nunavut, in November (1971–2011)
showing a statistically significant decrease in sea-ice concentration at freezeup, implying a
longer open-water season (Canadian Ice Service, 2013).
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Figure 6: Surficial geology of Whale Cove, Nunavut.



manent mooring. There are two approximately 9 m vessels
in the community that may use the pier for on- and off-load-
ing at suitable tides.

The barge landing (Figure 11) receives supply barges. A
floating dock is moored off the seaward end of the access
road and connected to the road by a ramp. Gravel is pushed
off the end to support the landward end of the ramp. Each
September and October, the gravel at the end and sides of
the causeway is lost. Some is recovered from the sides of
the causeway the following year. There is a plan to stabilize
the sides and front of the causeway with timbers, poten-
tially solving the continued loss of gravel. Smaller landing
barges, which unload sealift ships anchored offshore, will
be able to dock at this modified facility.

The most significant of the small boat landings (Figure 12)
is located in a narrow cleft just west of the community pier
(middle arrow in Figure 1). The two largest boats in the

community were pulled ashore at the time of the field visit.
Other small boat landings are ad hoc on available beaches,
sometimes with boulders removed to just below the low
tide line.

The community dump (Figure 13) is located southwest of
the community. It is partly located on raised beach deposits
with intervening wetlands, and partly in blasted bedrock.
The most seaward part of the facility impinges on recently
active beach gravel. An earth retaining dam at this end of
the dump is intended to prevent contaminated surface run-
off entering the ocean.

Sea-level change

Whale Cove is currently experiencing falling relative sea
level, which is a function of both vertical land motion and
change in regional sea level. No tide-gauge records are
available at Whale Cove, so the rate of relative sea-level fall
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Figure 7: Garage built on thermosyphons, which keep the ground
frozen under the concrete floor slab. Site is on fill material, which
covers a former shallow pond, in Whale Cove, Nunavut. Note
nearby poor terrain drainage.

Figure 8: Residential site built on bedrock in 2009, Whale Cove,
Nunavut.

Figure 9: Fuel resupply facility with the tank farm and community in
the background, Whale Cove, Nunavut.

Figure 10: The community pier showing ice damage and boats typ-
ical of the community, Whale Cove, Nunavut. Freighter canoes and
Lund-style aluminum boats are also common.



with respect to the land is unknown.
James et al. (2011) use the rate of
glacio-isostatic uplift given by ice
model Ice-5G VM2 (Peltier, 2004; Fig-
ure 14) and a regional estimate of abso-
lute sea-level rise under various sce-
narios of changing climate, including
the effect of sea-level finger-printing,
which depends on the global location
of the source of meltwater flowing into
the oceans. At Whale Cove, this analy-
sis indicates glacio-isostatic uplift at
approximately 8.2 mm/yr. Taking a
globally averaged rate of absolute sea-
level rise over the last four decades of
1.8 mm/yr (Intergovernmental Panel
on Climate Change, 2007), this sug-
gests a present-day rate of relative sea-
level fall of approximately 6.4 mm/yr.
Figure 15 shows how relative sea level
can be falling while global (and re-
gional) sea level is rising and also why
coastal lagoons are shrinking—a phe-
nomenon described by residents of
Whale Cove.

James et al. (2011) project future amounts of sea-level
change at Whale Cove to the year 2100. Though the range
in the different scenarios is 0.84 m, the results suggest that
future rates of sea-level fall will probably be between 6.1
and 0 mm/yr. The range reflects that there is uncertainty and
that regional and global sea-level rise is expected to in-
crease over the projected time-frame. Whale Cove is not
expected to switch to a regime of relative sea-level rise by
2100, but the relative rate of sea-level fall shall decrease
over time.

Economic implications

Large expanses of bedrock-dominated terrain with a man-
ageable topography are available for the future develop-
ment of residential areas in Whale Cove. With proper but
somewhat more expensive engineering designs, the other
terrain types can also be used. Examples of well-
constructed new buildings with adapted foundations, such
as the hospital, the community centre and the garage, are
found in the community.

The community has begun to adapt properly to permafrost
thawing, thanks to rather favourable geological and topo-
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Figure 11: The causeway to the barge landing, Whale Cove,
Nunavut. Piles of sand and gravel on the causeway have been re-
covered from the beach or newly excavated from inland sources.

Figure 12: The most significant small boat landing with skidway,
Whale Cove, Nunavut. The two largest boats in the community
were both pulled out though the green boat was relaunched the
next day.

Figure 13: The community dump adjacent to an active pocket beach showing surface run-
off behind an earth containment dam, Whale Cove, Nunavut.



graphic conditions. Eventually, the airport could need more
maintenance as the active layer deepens.

Under falling relative sea level, over time the elevation of
storm-surge flooding decreases, assuming unchanging
storminess and sea ice. Therefore, exposure and vulnerabil-
ity to storm-surge flooding at Whale Cove is expected to

decrease. Though there is little con-
sensus on changing storminess under
changing climate (e.g., Intergovern-
mental Panel on Climate Change,
2007), one scenario of changing
storminess suggests increased fre-
quency of the most severe storms
(Lambert, 2004) with the potential for
increased frequency of storm-surge
flooding at Whale Cove. Under fall-
ing relative sea level, even with in-
creased frequency of severe storms,
over time the vulnerability of coastal
infrastructure in Whale Cove is
expected to decrease, resulting in
reduced repair costs.

With falling relative sea level, storm-
wave energy is focused lower on the
shoreface and vulnerability of coastal
infrastructure to erosion decreases.
However, with anticipated reduction
in sea ice, waves can grow higher and
act on shorelines for a longer period
of time in the year. As with storm
surges, the more severe events may be
expected to occur more often and
Whale Cove may experience in-
creased localized erosion of beaches
due to more frequent and severe
waves. Bedrock sections of the shore-
line will not be significantly eroded.
Given falling relative sea level and
low exposure and sensitivity to storm-

surge flooding and erosion, vulnerability is expected to
remain low.

One implication of continued sea-level fall is that coastal
infrastructure slowly becomes separated from the sea.
Wharves become too high to be usable and the approaches
become too shallow for the vessels for which the infrastruc-
ture was designed. Options include abandonment, or a
planned strategy of lowering wharf levels and extending
them offshore, with associated costs.

An area of concern is the earth dam at the community dump.
Depending on the rate of increase in severity and frequency
of storm waves relative to the rate of relative sea-level fall,
the dam may be increasingly exposed and sensitive to ero-
sion. Given the risk of contaminated surface water entering
the marine ecosystem, should the earth dam be breached,
and that the community is currently considering some im-
provements to the facility, there is an opportunity to rede-
sign the surface water management strategy at the dump
and reduce the potential for contaminated water to enter the
marine ecosystem. Costs associated with redesigning the
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Figure 14: Rates of vertical land motion over the last 500 years from ice model Ice-5G Ver-
sion 1.2/VM2, northern Canada (Peltier, 2004). Whale Cove and Arviat are located just east
of a significant area of rapid uplift, Cambridge Bay is farther away from the area of uplift, and
both Kugluktuk and Iqaluit are closer to zones of subsidence. The darker solid line between
purple and brown represents the 0 mm/yr isobase (i.e., no vertical motion) and the lighter line
shows the 2 mm/yr isobase where relative sea level may begin to rise over the next 100 years.
Kugluktuk and Iqaluit lie very close to this line, but the other communities are less likely to ex-
perience sea-level rise.

Figure 15: Schematic illustration of land uplift, sea-level rise and
relative sea-level fall.



community dump may be significant, but the present
situation is unsustainable, even under falling relative sea
level.

Conclusions

The geomorphology of Whale Cove is dominated by bed-
rock, which provides solid ground for new construction
and limits the sensitivity to waves and erosion along the
shore. However, the main coastal infrastructure is located
on the several beaches in the community. These tend to be
in protected bays and the risk of most infrastructure to
coastal erosion is probably low. However, sea ice is ex-
pected to decrease (in concentration and seasonal dura-
tion), resulting in a longer open-water season and greater
open-water fetch, allowing higher waves to build during
storms. It is also possible that the frequency of severe
storms may increase, which would cause more erosion and
storm-surge events. The community dump site may be the
infrastructure that is most vulnerable to erosion and storm-
surge flooding, with potential for release of contaminated
water into the marine environment.

These risks will be mitigated, over time, by relative sea-
level fall. Climate change is not expected to cause a switch
to relative sea-level rise in Whale Cove, but may reduce the
rate of fall by a few millimetres per year. Storm surges will
in the future reach lower shoreline elevations.

Sea-level fall does cause some impacts on the continued
utility of coastal infrastructure. As the waterline recedes,
the approaches to the community pier, the fuel resupply fa-
cility and the barge landing site will be more difficult with
shallower water. It may be necessary in the future to extend
or lower waterfront infrastructure, incurring added costs.
Planning of future infrastructure should consider the impli-
cations of changing climate as presented here.

Climate warming and increasing variability in meteorolog-
ical and sea-ice conditions will continue to affect the way of
life of the people of Whale Cove.
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