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Abstract  

 

Extensive erosion of lacustrine coastlines on Pelly Island (NWT, Canada) 

 

By Francois Malenfant 

This paper quantifies rates of shoreline change and investigates the influence of surficial 

geology on shoreline dynamics between 1950 and 2018 on Pelly Island, located 10 km off the 

Mackenzie Delta. Long-term changes in shoreline position were calculated using imagery analysis 

and Analysing Moving Boundaries Using R (AMBUR), and short-term volumetric erosion was 

calculated using UAV-SfM methods. The influence of shoreline exposure to predominant storm 

direction and influence of surficial geology were examined for Northwest and Southeast zones. 

The average annual linear regression rate (LRR) rate during the 1950-2018 observation period was 

-3.8 m∙a-1. The end point rate (EPR) was calculated for six observation periods: 1950-1972, 1972-

1985, 1985-2000, 2000-2018, 2013-2018. A mean EPR of -5.5 ± 0.7 m∙a-1 was calculated for the 

2000-2018 period, and a maximum retreat rate of 46.7 ± 2.1 m∙a-1 was recorded during the 2013-

2018 observation period.  
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Chapter 1: Introduction 

 

During the 1950-2000 period permafrost coastlines along the Circum-Arctic were eroding 

at a mean rate of -0.5 m∙a-1 (Lantuit et al. 2012). The highest rates of coastal erosion in the circum-

Arctic during the 1950 to 2000 period were observed in the Canadian Beaufort Sea (-1.1 m∙a-1) 

(Lantuit et al. 2012). Research in Canada has mostly focused on Arctic coastal sites where retreat 

rates have been previously documented, such as the Beaufort Sea coast (e.g., Lim et al., 2020; 

Solomon, 2005; Manson and Solomon, 2007; Forbes et al., 1995; Couture et al. 2018; Lantuit and 

Pollard, 2008; Irrgang et al. 2018; Tanski et al. 2019). The Quaternary geology of the Beaufort 

Sea region was initially investigated by the Geological Survey of Canada in the 1960s due to active 

oil and gas exploration. Exploration throughout the region emphasized the importance of surficial 

geology studies to effectively manage transportation. This led to the compilation of observations 

of stratigraphic sequences of Quaternary deposits and landforms; the distribution of permafrost 

and ground ice in relation to Quaternary deposits; and the effects of modern geomorphological 

processes on the landscape (Rampton, 1988). Our research focuses on Pelly Island (Figure 1.1), 

the largest of three islands located in the outer island zone of the Mackenzie Delta Estuary in the 

Canadian Arctic. Previous research found that the outer islands of the Mackenzie Delta had a mean 

rate of retreat of 1.5 m∙a-1 during the 1972 to 2000 period, and Pelly Island had the highest 

maximum retreat rate reported for the entire Beaufort-Mackenzie shoreline in the 1972-2000 

period (22.5 m∙a-1) (Solomon, 2005). Pelly Island has been identified as being ecologically and 

biologically significant in the Beaufort Sea and is the only outer Island of the Mackenzie Delta to 

lie within the boundaries of the Okeevik sub-area of the Tarium Niryutait Marine Protected Area 

(Integrated Ocean Management Plan for the Beaufort Sea 2003) (Figure 1.1).  
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Figure 1.1: Pelly Island surficial geology map modified from 1950 Geological Survey of Canada map 

1647A (Rampton 1987). Pelly Island is located 10 km from the Mackenzie Delta front and lies within the 

boundaries of the Tarium Niryutait Marine Protected Area (GEBCO 2m isobath). 
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1.1 Approaches to the study of Arctic Coastal Dynamics 

Prior to 1950, the Davisian Cycle of erosion was the primary framework applied to the 

study of coastal geomorphology and viewed landscapes as being primarily influenced by orderly 

stages of uplift, planation and sea level change (Davidson-Arnott 2010). It interpreted coastlines 

as a simple system which moved toward a more static equilibrium by straightening coastlines 

through the action of waves and currents, which worked to erode headlands and build bay- mouth 

barriers. This framework for landform studies has mostly been replaced by the paradigm of 

denudation chronology, which involves the detailed reconstruction of coastal landscape evolution 

using concepts of erosion based on landforms rather than stratigraphy. The combination of the 

paradigm of denudation chronology and the advent of new technology in remote sensing, coring, 

and sediment dating has allowed for the detailed description of glacial history and post-glacial 

evolution of coasts worldwide (Davidson-Arnott 2010). Arctic coasts have been studied for over 

two centuries, with the first academic studies framing the basic knowledge of Arctic coasts by 

Adams (1807), Leffingwell (1919) and Hmiznikov (1937). Knowledge of Arctic coastal dynamics 

was then broadened by authors such as Mackay (1963, 1986), Are (1988) and Rampton (1988).   

 

1.2 Arctic coastal environment and systems 

In the past two decades there has been an acceleration of erosion of ice-rich permafrost in 

the Arctic due to changing environmental factors such as declining sea ice, warming temperatures 

and increased forcing events (Lantuit et al. 2012, Khon et al. 2014, Johannssen et al. 2002, Manson 

et al. 2005). Arctic permafrost is receiving greater attention because its degradation both onshore 

and offshore can release greenhouse gases, which contribute to a warming climate (Rachold et al, 
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2005). Detailed investigations of the Earth’s climate show that we are currently experiencing a 

warming period due to increasing quantities of greenhouse gases (Overland et al., 2011). This trend 

is amplified in the Arctic because of a positive feedback system (Figure 1.2). Increasing air 

temperatures result in the decrease of land and sea ice cover, leading to a decrease in reflective 

surfaces and an increase in absorption of solar radiation, which in turn increases air temperatures. 

 

Figure 1.2: The positive feedback system observed in the Arctic due to a warming climate. 

The evidence for the impact of a warming climate in the Arctic environment over the past 

four decades is found in the decreasing sea ice extent, increasing soil temperature, increasing air 

temperature, and increasing precipitation patterns (Konopczak et. al., 2014). Polar regions are 

considered to have a strong influence on global climate because of this negative feedback system 

(Overland et al., 2011). Changes in global and regional climate will impact the physical processes, 

biodiversity and socio-economic development in Arctic coastal zones (Rachold et al. 2005).  

 

1.3 Environmental forcing and coastal processes in the Arctic 

The coastal zone is the area where energy exchanges between land and ocean occur, and 

in the Arctic (like in many other places in the world) it is the location with the most human activity 

(Rachold et al. 2005). However, the Arctic coastal zone differs from temperate regions due to the 
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presence of ice in marine and terrestrial environments (sea ice, permafrost and ground ice) and the 

short open water season (3-4 months). Therefore, an understanding of environmental forcing and 

coastal processes specific to the Arctic is important for managing Arctic coastal hazards and human 

impacts on the coastal zone. 

Continental shelves and margins are the interface between land and the open ocean, an area 

which is important for sequestering sediments, recycling and sequestering organic carbon, 

biological productivity, and human activity (Berner 1982; Lavoie et al., 2010). The Arctic has the 

largest proportion (30%) of continental shelf for all the world oceans and represents 20% of the 

worlds continental shelf area (Macdonald et al., 1998). This thesis focuses on the Canadian portion 

of the Beaufort Shelf, also known as the Mackenzie Shelf, which is the largest shelf on the North 

American side of the Arctic Ocean. The Mackenzie Shelf has been extensively studied and has 

multiple sediment sources, dynamic transport processes, and an open communication with the 

Arctic Ocean. It is estimated that about half of the terrestrial sediment supply is trapped in the 

Mackenzie Delta with about 40% deposited to the shelf and the remainder brought to the shelf 

edge (Macdonald et al., 1998).  

International Arctic Coastal projects are compiling data from numerous coastal monitoring 

sites across the Arctic, with the goal of estimating sediment and carbon fluxes on a Circum-Arctic 

scale (Reimnitz et al. 1998; Rachold 2000; MacDonald et al. 1998, Brown et al. 2003; Jorgenson 

et al. 2003). The erosion of permafrost rich coasts (highest rates observed in Beaufort and Laptev 

Seas) is assumed to play a major role in the material budget of the Arctic Ocean (Rachold et al., 

2005). Studies have shown that coastal erosion is an important component of sediment and total 

organic carbon to Arctic Seas (Brown et al. 2003; Grigoriev and Rachold 2003; Jorgenson et al. 

2003; Rachold et al. 2003). Arctic permafrost is thought to store approximately half of global soil 
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organic carbon, and its degradation both onshore and offshore can release greenhouse gases 

(Rachold et al, 2005). Degradation of exposed subaerial and subaqueous permafrost has been 

found to increase while in contact with relatively warmer and saline seawater (Rachold et al, 2005), 

making permafrost degradation in the coastal zone of significance. Degradation of permafrost can 

transfer soil carbon to the ocean, where it is either buried in nearshore shelf sediments, exported 

offshore or mineralized by bacteria then released to the atmosphere as a greenhouse gas furthering 

the current warming climate (Tanski et al., 2019).  

Changes in Arctic climate can trigger many environmental responses. Arctic coastlines are 

highly variable both temporally and spatially (Rachold et al. 2000; Solomon 2005; Lantuit & 

Pollard 2008; Harper et al. 1985; Solomon and Covill 1995; Solomon et al. 1994). Spatial 

variability is mainly due to variations in lithology, geocryology (ground ice, sea ice and 

permafrost), and geomorphology, shoreline planform (shoreline orientation and exposure) all of 

which are controls on the erodibility of coastal materials and the littoral sediment supply (Solomon 

2005). Temporal variability is mainly controlled by environmental forcing (wind, waves, sea ice, 

currents, and sea level changes), thermal conditions and the presence of sea-ice (Solomon et al. 

1994; Solomon 2005). The processes of shoreline recession and progradation are in response to 

these variations (Figure 1.3).  
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Figure 1.3: The environmental responses which lead to accelerated coastal erosion. (Modified from 

Rachold et al., 2005) 

Sea level changes and the processes associated with waves and currents act together to 

modify the coast at temporal scales ranging from seconds to thousands and millions of years. As 

relative sea level rises it allows access of larger waves to the shore, which is why wave height and 

water surface elevation have been identified as one of the primary controls for coastal erosion 

(Wobus et al., 2011, Konopczak et al., 2014). Wave energy is dissipated through many 

mechanisms such as seafloor frictional drag and wave breaking (Lintern et al., 2013). Wave energy 

dissipation is an important component in nearshore coastal dynamics since it can re-suspend 

sediment in the nearshore region, allowing it to be subsequently transported by currents (Lintern 

et al. 2013).  

Arctic coastal processes are strongly controlled by the presence and absence of sea ice, as 

it can act as a barrier protecting the coastline from environmental forcing (hydrodynamic forcing 
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and the thawing power of the warmer sea water) (Rachold et al. 2005, Manson et al. 2005). 

However, coastal erosion rates in the Arctic are comparable and even exceed temperate regions 

regardless of these restrictions (Rachold et al. 2000; Lantuit el al. 2013). The reduction in minimum 

sea ice extent due to a warming climate and the associated extension of the open water season is 

thought to affect the rate at which ice-rich unconsolidated coasts retreat (Lantuit et al. 2013, Wobus 

et al. 2011). The presence of longer open water seasons and increasing fetch from the coast to sea 

ice is predicted to increase wind induced waves (Lintern et al, 2013). Due to the threat of longer 

open water seasons and greater fetch, specifically in the fall, there has been a great deal of attention 

devoted to the impacts of storms on shallow coastal zones like that of the southern Beaufort Sea 

and other Arctic shelves (Lintern et al., 2013). Coastal regions tend to be heavily influenced by 

the impact of high magnitude weather events (Rachold et al. 2004). During the open water season 

storm winds can induce larger magnitude waves and surface currents (Hill and Nadeau, 1989). 

Storms in the Arctic are thought to be one of the largest drivers of coastal erosion (Overeem et al. 

2011), although their influence is reduced by the presence of sea ice and terrestrial ice (permafrost 

and ground ice) (Atkinson 2005).   

Unique to high latitude coastal regions is the presence of ground ice, which is known as all 

types of ice contained in freezing and frozen ground (Lantuit et al. 2011; Solomon 2005). The 

subaerial and subaqueous presence of ground ice is thought to be a major control on sediment 

budgets and nearshore morphological response (Mackay 1986; Wolfe et al. 1998; Dallimore et al. 

1996; Mackay 1972). Ground ice can lead to thermal abrasion (TA), which is a process combining 

the kinetic action of waves and the thawing of ground ice (Are 1988). The process of melting 

ground ice enhances the vulnerability of the coastal zone to erosion. Coastal erosion is particularly 

enhanced by the thawing of massive ice (up to 80% ice) in coastal cliffs or the formation of 
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thermokarst features (Wolfe et al. 2001; Jorgenson & Brown 2005; Lantuit & Pollard 2005; Jones 

et al. 2008; Lantuit & Pollard 2008). Thawing-induced cliff top retreat (thermo-denudation) and 

marine abrasion (thermo-abrasion) are the two main erosional processes on Arctic coasts 

(Grigoriev & Rachold 2003). Thermo-denudation (TD) is when insolation and heat flux on coastal 

exposures thaws permafrost, leading to headwall erosion and the subsequent transport of material. 

Thermo-abrasion (TA) is the combined action of mechanical and thermal energy of sea water at 

water level causing erosion. Thermo-abrasion (TA) is only active during the open water season, 

while thermo-denudation (TD) can proceed throughout the summer. The intensities of these two 

coastal erosion processes (TA and TD) are controlled in part by the increasing of the open water 

season and the summer air temperatures (Grigoriev & Rachold 2003). In June as the air 

temperature rises and the snow melts, mud flows accumulate at the base of coastal bluffs while the 

adjacent sea is still covered in sea-ice (preventing TA). In late August TD rates slow since the 

coast refreezes, while TA can still occur until sea ice develops. Therefore, there is a phase shift 

between TA and TD. Based on results from Gunther et al. (2013) on Muostakh Island (Eastern 

Siberian shelf), the synchronicity of both TA and TD processes is more important than the 

extension of either active season.  

 

1.4 Geomorphological features 

Block failures (Figure 1.4) are an important component of coastal retreat in permafrost 

cliffs with semi-cohesive fine-grained sediments (Walker 1988; Williams & Smith 1989). 

Permafrost coasts are commonly characterized by the presence of ice-wedge polygons (Figure 1.5) 

(French 2007). Ice wedges are an important part of block failure erosional features since these 
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failures tend to occur along longitudinal axis of ice wedges which are oriented parallel to the coast 

(Figure 1.5) (Hoque & Pollard, 2016). Ice wedges are formed when temperatures fall below -15 

0C as sediments and soil become brittle and crack. These cracks are then filled with meltwater 

come spring, and the meltwater is subsequently refrozen in these cracks creating an ice wedge. 

With each subsequent year ice wedges can grow due to the cracks expanding incrementally as 

meltwater freezes and expands, deepening and widening the size of the ice wedge and leading to 

more meltwater and more growth in subsequent years. A second important component in the 

formation of block failures is the formation of erosional niches at the base of cliffs (Hoque & 

Pollard, 2016). Through the process of thermo-abrasion, an erosional niche can be created, and as 

this niche extends into bluffs there are decreasing amounts of material underlying and supporting 

coastal bluffs, leading to the bluff failing and collapsing (Hoque & Pollard 2016). The mechanics 

of block failures are rather complex and still poorly understood due to a lack of data on niche 

geometry and the complexity of forces acting within frozen sediment due to the heterogeneous 

nature of ground ice (Hoque & Pollard 2016). 

 



15 
 

Figure 1.4: Block failures occurring on Pelly Island, NWT (August 2018 GSC expedition) 

Figure 1.5: Ice wedge polygons on The Yukon Coastal Plain (July, 2018 NRCan/GSC expedition) 
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In many parts of the world, mainly temperate latitudes, former permafrost is indicated by 

ice wedge casts (Figure 1.6) (Péwé, Church, and Andresen 1969). Ice wedge casts are formed 

when ice wedges are thawed due to lowering of the permafrost table allowing water carrying 

sediment to percolate down into the polygonal trenches. As the sediments surrounding the 

polygonal trenches lose their cementing ability due to thawing ice, sediments collapse into the area 

formally occupied by the ice wedge and are preserved as an Ice wedge cast. Ice wedge casts are 

widely used as palaotemperature indicators (Murton, Péwé 1966 a,b). 

Figure 1.6: An Ice wedge cast in comparison to an active ice wedge (August 2018 GSC field season) 

The Beaufort Sea coast is the most ice-rich permafrost coast in the Canadian Arctic and 

experiences high rates of erosion and retrogressive slump activity (Figure 1.7) (Lantuit & Pollard, 

2008). Thermokarst is defined by van Everdingen 1998 as the process which drives landform 

characteristics resulting from the thawing of ice-rich permafrost and/or melting of massive ice. 
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Retrogressive thaw slumps are closely linked to coastal processes, as they are often initiated by 

wave erosion at the base of coasts uncovering massive ice (Burn & Lewkowicz 1990). Thaw 

slumps are often initiated by thermo-abrasion at the base of coast bluffs uncovering massive ice, 

thawing of exposed ground ice leads to a retreating slope face creating retrogressive slumps 

(Lantuit & Pollard, 2008; de Krom 1990). If massive ice melts at a rate faster than coastal erosion, 

thaw slumps form (Lewkowicz, 1987). The formation and magnitude of thermokarst features is 

directly connected to the thermal stability of the upper section of permafrost and the ground-ice 

content (Lantuit & Pollard, 2008). 

 
Figure 1.7: Thaw slump along the Canadian Beaufort Sea coast (photo by: Roger Macloed/ 2016 GSC) 

 

1.5 Spatial and Volumetric change analysis 

Terrain models derived from unmanned aerial vehicles (UAVs) and structure from motion 

software (SfM) have demonstrated the ability to produce high resolution digital surface models 
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with the precise geographic positioning necessary for GIS based volumetric change measurement 

(Haas et al. 2016). Accurate and high-resolution terrain models are essential so that geomorphic 

features may be accurately represented and their change over time accurately quantified. Digital 

Surface Models (DSMs) are a 3D representation of a surface which are created from elevation data 

and include elevation values from objects on the surface of the earth such as houses or trees, 

whereas Digital Elevation Models (DEMs) represent the surface of the earth excluding objects on 

its surface (https://desktop.arcgis.com/en/arcmap/10.3/manage-data). A DSM can be in raster or 

vector format, with the raster datasets being composed of square cells in a grid and vector datasets 

being composed of a triangular irregular network (TIN). DSMs are most commonly created using 

elevation data collected using remote sensing (photogrammetry, lidar, InSAR) but they can also 

be created from land surveying. Recent advances in ground-based, airborne-based, and remotely 

sensed survey methods, such as structure from motion (SfM) and light detection and ranging 

(LiDAR), have revolutionized the collection of high-resolution terrain models. The use of 

unmanned aerial vehicles (UAVs) coupled with the photogrammetric method of SfM can be 

significantly more cost effective compared to LiDAR when surveying smaller parcels of land, 

which has contributed to its widespread adoption for budget research applications across a range 

of scientific disciplines (Eltner et al. 2016; Westoby et al. 2012). Auto-pilot systems integrated in 

UAV applications have also increased the ease of use while high quality digital cameras and GPS 

have enabled UAVs to collect high resolution imagery with precise geographic positioning (Turner 

et al. 2015). This thesis uses UAVs and the SfM method to analyze the volumetric erosion for the 

northwest cliffs (NW) of Pelly Island annually between 2016 and 2019.  

Previous research on the historical (1972 to 2000) shoreline change rates in the Beaufort 

Mackenzie region was conducted by Solomon (2005), who reported the mean shoreline change 

https://desktop.arcgis.com/en/arcmap/10.3/manage-data/las-dataset/lidar-solutions-creating-raster-dems-and-dsms-from-large-lidar-point-collections.htm
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rate using Digital Shoreline Analysis System (DSAS) (Thieler et al., 2009). The research presented 

in this thesis uses Analyzing Moving Boundaries Using R (AMBUR) (Jackson 2009) as the 

approach for 2D shoreline change analysis of Pelly Island. The combination of AMBUR with high 

resolution satellite imagery is expected to provide accurate and up-to-date assessment of coastal 

erosion rates between 1950 and 2018. The influence of surface geology and shoreline orientation 

are also analyzed to identify possible controls on shoreline change.  

Both human and biological systems in the nearshore and offshore environments can be 

altered by changes in the coastal zone. In the past two decades there has been an acceleration of 

erosion of ice-rich permafrost in the Arctic due to changing environmental factors such as 

declining sea ice, warming temperatures and increased forcing events (Lantuit et al. 2012, Khon 

et al. 2014, Johannssen et al. 2002, Manson et al. 2005). Our research seeks to provide a better 

understanding of the coastal change occurring on Pelly Island, which lies within the ecologically 

and biologically significant Okeevik MPA (Integrated Ocean Management Plan for the Beaufort 

Sea 2003) and hopes to provide an updated assessment of coastal response to changing external 

conditions. More specifically our research leverages advances in technology and analysis 

techniques to accurately determine short-term volumetric erosion rates and long-term planimetric 

erosion rates and the influence of surficial geology and storminess on these processes.   

The purpose of this study is to determine the controls on shoreline change rates for Pelly 

Island from 1950 to 2018. The primary objective is to examine the influence of surficial geology 

and exposure on shoreline rates. The second objective is to compare our estimates of shoreline 

change rates to the previously documented values (Solomon 2005). 
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Chapter 2: Study Area 

 

The landscape of the Mackenzie Beaufort region was formed by recurring glaciations and 

varying sea level of more than 140 m below present sea level (Hill et al, 1985). Over the past ten 

thousand years the Mackenzie Delta has prograded into the Beaufort Sea (Hill et al., 2001) 

depositing deltaic sediments between Pleistocene uplands at the mouths of Mackenzie River 

distributary channels (Figure 1.1). Pelly Island is part of these Pleistocene upland deposits, which 

have been altered by glacial, marine, fluvial, and coastal processes.  The region became ice-free 

approximately 20,000 yr BP (Tuktoyaktuk uplift rate of 1.04 m∙a-1 from James et. al. 2014) is 

experiencing relatively minor isostatic uplift (compared to the Canadian Shield) and an ongoing 

marine transgression (average sea level change of 1.7 cm∙a-1, RCP 8.5 Projection at 2010 from 

James et. al. 2014) (Lantuit et al. 2013; Konopczak et al. 2014; Hill et al, 1985). The hummocky 

uplands of Pelly Island are composed of surficial moraine deposits and lacustrine deposits. 

Moraine deposits consist of till, forming a veneer generally less then 1 m thick, and are assigned 

to the Toker Point Member of the Tuktoyaktuk Formation. Underlying the moraine deposits are 

pre-Wisconsin aged units, composed of glacial materials deposited during the early Toker Point 

Stade (Rampton 1988). They can be identified by the unconformity between the Kidluit formation 

and the Kittigazuit formation (Figure 2.1). In low lying thermokarst basins, surficial lacustrine 

deposits take the form of drained lake beds, which are generally two to eight metres thick and 

composed of a reworked matrix of the surrounding glacial materials (Murton 2009, Rampton 

1988). Abundant sediment supplied from both the Mackenzie River and coastal erosion has led to 

the development of Holocene marine deposits in the form of wide beaches, extensive spits, and 

barrier islands.  
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Figure 2.1: Surficial geology of Pelly Island comprises moraine deposits (𝑀𝑣
𝑡), underlying units (UD), 

lacustrine deposits (L), Holocene beach deposits (Wr). Photo A and B were taken along the northwest cliffs 

of Pelly Island (August 2018 and 2019 GSC field season). Locator map (bottom left) background is 2013 

Geoeye-1, inset map (bottom right) background is a 2013 digital elevation model (DEM) courtesy of Porter 

et al., 2018, “ArcticDEM”. Both locator and inset map include 5 m contour lines derived from the 2013 

DEM. 
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2.1 Coastal processes in the Canadian Beaufort Sea 

Sea-ice cover in the Beaufort Sea is about seven to nine months long (Melling et al., 2005; 

O’Brien et al., 2006; Lintern et al. 2013), acting as a physical barrier restricting erosion from 

hydrodynamic forcing and thawing of permafrost due to the access to warmer sea water (Rachold 

et al. 2005). Open-water conditions in the Beaufort Sea are mainly characterized by wind-driven 

waves, and with the presence of longer open water seasons and increasing fetch from the coast to 

sea ice, it is predicted that wind induced waves are to increase in magnitude (Lintern et al, 2013). 

Storm winds in the Beaufort Sea have been known to reach over 80 km∙h-1 (Hill and Nadeau, 

1989).  Manson and Solomon (2007) predict that the overall relation between magnitude and 

frequency of storms may change in the Beaufort Sea, with the frequency predicted to decrease 

slightly and the magnitude of storms to increase along with flood risk. Pelly Island and adjacent 

areas are undergoing rapid rates of erosion and accretion which are driven by periodic storms and 

long-term sea level rise (Solomon 2005). Manson et al (2005) identified coastal morphology, sea-

level trends, sea ice, and storms as the major controls on spatial variability in the Canadian 

Beaufort Sea 

 

2.2 Coastal features in the Canadian Beaufort Sea 

The Canadian Beaufort Sea is known to be quite shallow, both in the nearshore region and 

extending out towards the slope of the continental shelf, with the distance to the 10 m isobath being 

over 10 km from Pelly Island’s shoreline (Lintern et al, 2013). Coastal landscapes in the area are 

composed of hummocky till-capped hills and organic-rich drained lakes beds (Rampton 1988; 

Dallimore et al, 1996; Murton et al. 1997). Most of the region is composed of poorly bonded 
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sediments which are relatively easily resuspended by waves and transported by currents (Lintern 

et al., 2013). The Beaufort Sea is known to have large sediment fluxes which are dominated by 

sediment discharge from the Mackenzie River (Hill and Nadeau 1989; Macdonald et al., 1998). 

Abundant sediment supply from coastal erosion has formed wide beaches and extensive spits from 

exposed headlands, some of which have detached from their headland sources and turned into 

barrier islands (Figure 2.2). Beach and nearshore profiles are characterized by a relatively steep 

slope from the water line flattening out at about 3-4 m depth (Solomon 2003).  

 

Figure 2.2: A geomorphic description of Pelly Island in 2013 (Geoeye 2013) 
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Chapter 3: Methods  

 

Coastal change was assessed using four UAV surveys between year 2016 and 2019 to 

improve the understanding of the quantity of sediment delivered to the nearshore of Pelly Island. 

Air photos and satellite imagery collected between years 1950 and 2018 were also used to calculate 

rates of shoreline change and the influence of surficial geology on these changes.   

 

3.1 Volumetric Analysis 

To better understand the rapid changes occurring on Pelly Island we have conducted a 

volumetric analysis of sediment resulting from erosion of the northwest cliff on an annual basis 

using DSMs created from aerial photogrammetry, which were acquired using UAVs during field 

surveys between 2016 and 2019. Software using SfM processing was used to create 3D models of 

the coastal cliffs from 2D low altitude, hyperspatial aerial photos. Estimated ground ice 

concentrations formulated by Dallimore et al. (1996) on Richards Island were used to estimate 

ground ice concentration on the NW cliff of Pelly Island. The morainal deposits found on the outer 

islands (Pelly Island, Garry Island, Kendal Island) of the Mackenzie Delta are described as being 

of similar geological origin and composition to that of Richards Island (Rampton 1987). By 

calculating the volume change between DSMs from 2016 to 2019 and subtracting the estimated 

ground ice concentrations, it was possible to estimate the volume of sediment delivered to the 

nearshore from the NW cliff during this time period.  
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3.1.1 Change Detection using UAV-SfM 

A total of four annual UAV surveys were conducted in 2016, 2017, 2018, and 2019 

between the months of July and August along Pelly Island’s NW cliff. A base station was 

established to collect a GPS coordinate on a known point using a Real Time Kinematic Differential 

Global Positioning System (RTK DGPS). The base station was then able to provide accurate 

corrections of 3D points collected by the RTK rover, which sends the position of a point collected 

to the base station for corrections. The 3D points were collected in the center of square colored 

targets which were used as Ground Control Points (GCPs) (Figure 3.1). Each GCP was surveyed 

to collect their respective geospatial position using a Hemisphere S321 multi-GNSS, multi-

frequency smart antenna receiver (Figure 3.1). The targets were placed strategically along the top 

and bottom of the North West cliff in a zig zag pattern and in each corner of the survey area at 

approximately 200m apart ensuring adequate spacing between GCPs (Tonkin and Midgely, 2016). 

This was done following the evolving recommendations found in the literature focusing on using 

UAVs and SfM for change detection in various landscapes (Tonkin and Midgely, 2016; Raczynski, 

2017), using a minimum of 4 GCPs (actual range 10-22) for georeferencing with the remaining 

used as check points for the accuracy of georectification when available (Tonkin and Midgely, 

2016). The DGPS rover received RTK corrections via its base station which had corrected its 

logged position for over three hours. These positions were then corrected using Precise Point 

Positioning (PPP). The reported horizontal and vertical accuracies for the S321 are 20 mm and 40 

mm respectively (https://www.hemispheregnss.com, 2020), however it yielded accuracies of 

approximately 1 cm in the horizontal and 1-3 cm in vertical. The GCPs were surveyed in the 

NAD83 CSRS UTM Zone 8 Epoch 2010 coordinate system. The vertical datum was CGVD28. 

https://www.hemispheregnss.com/
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These coordinates were converted to CGVD 2013 using GPS H 3.3 software 

(https://webapp.geod.nrcan.gc.ca/geod/tools-outils/gpsh.php?locale=en).  

Figure 3.1: A Hemisphere S321 RTK rover being used to collect a GPS point on a GCP on Pelly Islands 

(August 2018, GSC)  

The UAVs used for aerial surveys were: DJI Phantom 3 Professional in 2016 and 2017; 

DJI Phantom 4 Professional in 2018 (Figure 3.2); and a DJI Mavic 2 in 2019. All surveys were 

flown with the Pix4D Capture App in 2016 and 2017, and the DJI Ground Station Pro App in 2018 

and 2019. UAV Surveys were conducted with approximately 50 m of altitude with a speed of 

approximately 2 to 3 m·s-1. The pictures used in the SfM software were nadir facing and had 

between 65% and 80% sidelap and 75% and 85% frontlap. The resultant pixel size of the DSM 

was approximately 2 cm (1.9-2 cm).  

https://webapp.geod.nrcan.gc.ca/geod/tools-outils/gpsh.php?locale=en
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Figure 3.2: Conducting a UAV survey of Pelly Island’s using a DJI Phantom 4 Professional (August 2018, 

GSC) 

Digital Surface Models (DSMs) were created using aerial imagery of Pelly Island’s 

northwest cliff. Data files were imported into the structure from motion software Pix4d to stitch 

together tie points found from overlapping 2D images using algorithms to create DSMs. These 3D 

terrain models, or DSMs, were then georeferenced in Pix4d by assigning ground control points to 

their respective geographic position. Pix4D workflow utilizes a variation of SfM-MVS workflow 

described above (Carrivick et al, 2016; pix4d.com, 2020). The default settings were used for the 

Initial Settings, the Point Cloud and Mesh creation and the DSM orthomosaic creation. The value 

used for the Horizontal and Vertical Accuracy columns in the GCP Manager was the accuracy 

reported by the RTK DGPS associated with the GCP (2 cm). Once the DSMs were created, they 

were exported and further processed using the GIS software package ArcGIS 10.6 (Figure 3.3).   
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Figure 3.3: Workflow for Pelly Island’s Volumetric change of the NW cliff from 2016-2019 

To obtain an accurate estimate of volumetric change of the NW cliff it was important to 

remove any areas of the DSM which negatively influenced the accuracy of the analysis (Haas et 

al, 2016). This meant removing any artifacts which give an over-estimation of surface elevations 

in the DSMs when there is not an adequate number of tie points to perform a quality bundle 

adjustment. A hillshade visualization was applied to the DSMs to identify artifacts which were 

subsequently removed using the clip tool. Artifacts created in the DSMs due to ocean waves were 

removed (Figure 3.4), and a few meters of the perimeter of each DSM were removed where 

artifacts created from GCPs were found to not properly calibrate with the point cloud in Pix4d.  

GPS GNSS

UAV Settings

SfM software 
settings

Further 
processing in 

GIS

Zero Raster

Threshold
Volumetric 

change 
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Figure 3.4: A clipped area of artifacts in the 2019 DSM created by the presence of water.  

 

3.1.2 Volumetric Change 

A sequence of calculations was conducted using ArcGIS 10.5 to measure the amount of 

sediment which was eroded and subsequently deposited into the nearshore from summer 2016 to 

summer 2019. To prepare the DSMs for volumetric analysis, each DSM was clipped to ensure they 

had the same geographic extent. The Difference Function was then used to create four new rasters 

representing the difference in elevation at each pixel between the 2016 and 2017 DSMs, the 2017 

and 2018 DSMs, the 2018 and 2019 DSMs, and finally the 2016 and 2019 DSMs. A Level of 

Detection (LoD) threshold was applied to each difference raster to ensure that only the pixels 
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which underwent significant changes in elevation between the two DSMs are used for calculating 

volumetric change. The LoD threshold was determined using Equation 1 (Wheaton et al., 2010):  

𝑈𝑐𝑟𝑖𝑡 = 𝑡(𝛿𝐷𝑜𝐷)     (1) 

where t is equal to 2.807 (for a 99.5% confidence interval) and is multiplied by the uncertainty 

between the two DSMs (Wheaton et al, 2010), which is found using Equation 2: 

𝛿𝐷𝑜𝐷 =  √(𝑅𝑀𝑆𝐸𝑍𝑂𝑙𝑑)2 +  (𝑅𝑀𝑆𝐸𝑍𝑁𝑒𝑤)2    (2) 

where RMSEzOld is the root mean square error value of the vertical component of the older DSM, 

and RMSEzNew is the root mean square error value of the vertical component of the newer DSM 

(Brasington et al., 2003; Lane et al., 2003). The error of each DSM was reported as a root mean 

square error value (RMSEZ) of the vertical component of the DSMs, which were obtained using 

check points from RTK-GPS measurements and comparing measured values with those in the 

DSMs (Smith and Vericat, 2015). In cases where RMSEz could not be calculated due to lack of 

check points, the error for the DSM was reported by multiplying the pixel size of the DSM by 

three (pix4d.com, 2020).  

 Once a LoD threshold was determined using Equation 1, raster calculator was used to set 

all values within the LoD threshold to be No Data for each respective DEM of Difference. All 

pixels with positive elevation change (growth) were also set to No Data since we are only interested 

in finding the volume loss over time. Volume change was then calculated using the Cut Fill tool 

in ArcGIS, which calculates volume changes by using the elevation at each pixel between the two 

DSMs and multiplying it by the area of a pixel where c equals pixel size in equation 3:   

∑[(𝐷𝑆𝑀𝑛𝑒𝑤 − 𝐷𝑆𝑀𝑜𝑙𝑑) 𝑐2]   (3) 
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3.2  Spatial and Temporal Variability of Shoreline Change 

3.2.1 Air photo and satellite image acquisition 

Air photos of Pelly Island were acquired from the National Air photo Library for years 

1950, 1972, 1985, and 2000 and were scanned at 400 dpi to produce digital images (Table 1). 

Satellite imagery was obtained for the years 2013 (Geoeye-1), and 2018 (Sentinel-2). All imagery 

was co-registered to an orthorectified 2013 Geoeye-1 satellite image of Pelly Island in the NAD83 

CSRS UTM Zone 8 Epoch 2010 coordinate system with all root mean square (RMS) error values 

below 6.0 m. 

 

3.2.2 Uncertainty of shoreline position 

The imagery was then enlarged to the 1:1000 scale to digitize Pelly Island’s shoreline, with 

the water line used as the shoreline proxy and when not visible the cliff top was used (Figure 3.5). 

Due to the inherent high variability of shoreline position of the Pelly Island spit, it was excluded 

from the analysis as per the Solomon (2005) study. Positional uncertainties were calculated for 

each digitized shoreline to account for errors in the co-registration process along with variations 

in spatial resolution. The uncertainty of each shoreline position (U) was calculated using equation 

(4) (modified from Hapke and Reid, 2007): 

𝑈 = √(𝐸𝐺𝑅 𝑎𝑙𝑖𝑔𝑛𝑒𝑑 𝑖𝑚𝑎𝑔𝑒
2 + 𝐸𝐺𝑅 𝑚𝑎𝑠𝑡𝑒𝑟 𝑖𝑚𝑎𝑔𝑒

2 + 𝑅𝑀𝑆2 + 𝐿𝑂𝐴2)   (4) 

where, EGR aligned image is the ground resolution of the source image, EGR master image is the ground 

resolution of the 2013 orthorectified Geoeye-1 satellite image, RMS is the root mean square error 

of the ground control points (GCPs) used in the georectification process, LOA is the loss of 

accuracy created by the user while digitizing (from Hapke and Reid, 2007). The positional 
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uncertainty for each shoreline ranged between a low of 2.7 m for the 2013 GeoEye-1 shoreline to 

a high of 10.5 m for 2018 Sentinel-2 shoreline (Table 1).        

Table 1: Metadata and accuracy for remote sensing imagery of Pelly Island 1950-2018. 

Date Number 

of 

images 

Type of 

image 

Scale 1 

to 

Ground 

resolution 

Ground 

control 

points 

(GCP) 

Root mean 

square (m) 

2nd order 

Polynomial 

Loss of 

accuracy 

(LOA) 

(m) 

Uncertainty 

(m) 

2018 1 Sentinel-2 

L1C 

(multispectral) 

/ 10 9 1.89 2 10.5 

2013 1 GeoEye-1 

(multispectral) 

/ 1.8 Base 

image 

/ 2 2.7 

2000 2 Polychrome 

air photos 

58 000 3 21 1.79 to 3.67 4 6.5 

1985 1 Monochrome 

air photos 

60 000 3 15 3.4 4 6.3 

1972 2 Monochrome 

air photos 

60 000 3 17 0.62 to 5.24 4 7.4 

1950 2 Monochrome 

air photos 

40 000 2 22 2.03 to 5.84 3 7.1 
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Figure 3.5: Digitized historical shorelines of Pelly Island for years 1950, 1972, 1985, 2000, 2013, and 

2018. Also shown is the designated NW zone, facing the predominant storm direction, and the more 

sheltered SE zone of the island. Background is a 2013 GeoEye-1 satellite image. 
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3.2.3 Shoreline change analysis 

Shoreline position changes were analyzed and visualized using AMBUR (Analyzing 

Moving Boundaries Using R) (Jackson 2009) to quantify distances and rates of shoreline 

movement. The measured change was reported as End Point Rate (EPR), which is the rate of 

change between shorelines from two time periods measured along a transect. The measured change 

was also reported as a Linear Regression Rate (LRR) for all historical shorelines digitized between 

1950 and 2018. In total, the EPR and LRR were calculated along 550 transects. 

In AMBUR the shoreline movements were calculated between inner and outer baseline 

vectors (baseline was drawn offshore of the historical shorelines, and an inner baseline located 

onshore) using the 1950 and 2018 coastlines. Transects were cast perpendicular to the coast, 

between the two baselines, at 50 m intervals.  Rates of shoreline change were calculated for each 

transect intersection using the end-point rate (EPR) formula. The shoreline change summary 

statistics net, minimum, maximum, mean, and standard deviation were then calculated for each 

transect and for each observation period.   All computed AMBUR shoreline change rates are 

published in a comma-separated value file in the supplemental information database 

(Pelly_Supertable.xls). The EPR was calculated using the following equation: 

𝐸𝑃𝑅 =  
𝐷2 − 𝐷1

𝑇2 − 𝑇1
    (5) 

where, D is the distance between historical shoreline points along a transect and T is the year the 

image was obtained. Using the positional uncertainty (U) values from Equation 4, the Dissolution 

of Accuracy (DOA) for each observation period was calculated using equation (6) (equation 

modified from Foster and Savage, 1989): 
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𝐷𝑂𝐴 =
√𝑈1

2+𝑈2
2

𝛥𝑇
   (6) 

where, U1 is the uncertainty of shoreline position from the first point in time, U2 is the uncertainty 

of shoreline position from the second point in time, and 𝛥T is the time duration, in years between 

the digitized shoreline source images. These DOA values are shown in Table 2. Significant 

changes in shoreline change rates using EPR were identified as those that exceeded a two-sigma 

deviation from the mean change rate (Pelly_Supertable.xls). The two-sigma (2σ) changes were 

calculated using the mean EPR and standard deviation of each transect using equation (7), with n 

being the number of transects: 

∑ 𝐸𝑃𝑅𝑛

𝑛
 ± 2𝜎    (7) 

A linear regression (LRR) analysis was also conducted, and the standard error of the coefficients 

of the linear regression calculated using the P value (equal or less than 0.5) of the linear regression. 

Table 2: The Dissolution of Accuracy (DOA) for shoreline positions for each observation period. 

Time Period DoA(m∙a-1 ) 

1950 to 1972 0.5 

1972 to 1985 0.7 

1985 to 2000 0.6 

2000 to 2013 0.5 

2013 to 2018 2.1 

2000 to 2018 0.7 

1950 to 2018 0.9 
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3.2.4 Coastal exposure 

To examine the relationship between coastal exposure and predominant storm direction on 

shoreline change, Pelly Island was divided into two zones: one facing the predominant storm 

direction from the northwest (NW Zone) (Hill et al., 1991; Lintern et al., 2013; Solomon 2005, 

Manson and Solomon 2007), and the other facing the more sheltered Southeast (SE zone) (Figure 

3.5).   

Records of historical wind speeds and direction were obtained from Environment Canada’s 

online climate data archives (http://climate.weather.gc.ca) for a weather station on Pelly Island 

(weather station number 2203095) to better understand the influence of storms on erosion during 

the open water season. A database of hourly wind speed and direction was created; however, data 

were only available for download between years 2005 to 2018 (see supplemental data 

Pelly_Island_Historical_Wind.xls). In order supplement our storm database we included the storm 

count from the 2007 Manson and Solomon study, which had access to wind data from the weather 

station on Pelly Island from 1994 to 2000, and combined it with data from three wind stations in 

Tuktoyaktuk from 1958 to 2000 to create a synthetic wind record of Pelly Island from 1958 to 

2000. To keep as much consistency between Manson and Solomon’s (2007) record of storms from 

1958 to 2000 with our 2005 to 2018 storm record we defined storms using the same criteria., 

Storms were identified during the open-water season (June to October) and defined as events with 

wind speeds greater than 50 km∙h-1 for at least six hours with a wind vector cut off which only 

included winds from the north-westerly direction (270° to 360°). The storm count for each 

observation period can be found in Figure 3.6.  

http://climate.weather.gc.ca/
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Figure 3.6: A record of storms on Pelly Island from 2005 to 2018 merged with a synthetic record of storms 

from 1950 to 2000 sourced from Manson and Solomon (2007). Storms were defined by at least six hours of 

wind speeds greater than 50 km∙h-1 with a wind vector cut off which only included winds from the north-

westerly direction (270° to 360°) during the open-water season (June to October).  

 

3.2.5 Classification of Surficial Geology 

To investigate the role of surficial geology on shoreline change rates, a surficial geology 

classification was created by modifying Rampton’s 1987 surficial geology map of Pelly Island to 

identify general location of the three surficial geology deposit types shown in Figure 1.1 

(Geological Survey of Canada Map 1647A, Rampton, 1987). The map was then refined utilizing 

the air photos based on geomorphological characteristics. Beaches and barrier islands were 

classified as Holocene marine deposits, lower lying headlands that appear to be drained lake beds 

were mapped as lacustrine deposits, and all other headlands were classified as moraine deposits. 

The same method was applied using the 2013 and 2018 satellite imagery with the addition of a 

2013 and 2018 2 m digital surface model (Porter et al., 2018, “ArcticDEM”) used to identify lower 
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elevation drained lake beds as lacustrine deposits. We used our modified surface geology mapping 

to classify each of the digitized shorelines to examine the relationship between surficial geology 

and the spatial and temporal variability of shoreline change. This was done using a multistep spatial 

attribute query to identify transects which cross the same surficial geology units within subsequent 

shoreline years. The identified transects were then matched to corresponding EPR results (Figure 

3.7).  
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Figure 3.7: Pelly Island historical shorelines integrated with our modified surface geology classification 

scheme. Background is hillshaded DEM with 5m contour lines courtesy of Porter et al., 2018, 

“ArcticDEM”. 
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Chapter 4: Results   

 

4.1  Volumetric Analysis 

4.1.1 Digital Surface Model Accuracy Validation 

The point-to-raster validations of the DSMs reveal RMSEZ values ranged from 0.005m – 

0.071m (Table 3).  Standard deviation (SD) had a range between 0.005m – 0.059m. For the 2017 

DSM with no associated validation data, all values for the SD and RMSEZ are replaced by three 

times the ground sample distance (GSD) (0.12 m for 2017) and are indicated as an “X” in Table 3 

(pix4d.com, 2020).   

Table 3: Accuracy validation for each DSM. For each flight the number of ground control points (GCPs), independent 

check points (n), the mean, standard deviation (SD), root mean squared error of the vertical component (RMSEz).  

Date GCPs (#) n Mean (m) SD (m) RMSEZ (m) 

August 2016 17 3 -0.001 0.005 0.005 

August 2017 5 1 0.091 X X 

August 2018 13 4 -0.040 0.058 0.071 

August 2019 12 7 -0.003 0.059 0.060 

 

4.1.2 Volumetric Change 

A volumetric analysis was conducted for a 450 m stretch of shoreline on the rapidly eroding 

NW cliffs of Pelly Island (Figure 4.1) for the 2016 to 2019 observation period to determine the 

volume of sediment delivered to the nearshore. The total volume change for the entire observation 

period of 2016 to 2019 was 506 230 m³ with a Level of Detection (LoD) threshold of 0.39 m³ 

(99.5 % confidence interval) (Table 4). The total volume change for the 2016 to 2017 period was 

184 487 m³ with a LoD threshold of 0.48 m (99.5% confidence interval) and represented 36% of 
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the total volume change from 2016 to 2019. The total volume change for the 2017 to 2018 period 

was 152 864 m³ with a LoD threshold of 0.45 m (99.5% confidence interval) and represented 30% 

of the total volume change from 2016 to 2019. The total volume change for the 2018 to 2019 

period was 168 083 m³ with a LoD threshold of 0.31 m (95% confidence interval) and represented 

33% of the total volume change from 2016 to 2019. When normalizing the volume change rates 

for each meter of shoreline (length of shoreline was 450 m), the 2016 to 2017 period eroded at 410 

m³ per meter, the 2017 to 2018 period eroded at 339 m³ per meter, the 2018 to 2019 period eroded 

at 373 m³ per meter. The entire observation period from 2016 to 2019 eroded at an average annual 

rate of 375 m³ per meter. Using the estimate for ground ice volume of 54% calculated by Dallimore 

et al. (1996) for similar morainal deposits on Richards Island adjacent to Pelly Island, we 

determined that the estimated volume of sediment delivered to the nearshore from the 2016 to 

2017 period was 84 864 m³, from the 2017 to 2018 period was 70 317 m³, from the 2018 to 2019 

period was 77 318 m³, and for the entire observation period from 2016 to 2019 was 232 865 m³ 

(Table 4).  

Table 4:Results of the volumetric change analysis using 99.5% confidence interval to determine the Level of Detection 

for each observation period.  

State Year 

Level of 

Detection 

Treshold 

(m) 

Total Volume 

Change (m³) 

Ground Ice Volume Estimate 

(54%) (m³) 

Sediment 

Volume 

Estimate 

(m³) 

Eroding 
2016 to 

2017 
0.48 184 487 99 623 84 864 

Eroding 
2017 to 

2018 
0.45 152 864 82 546 70 317 

Eroding 
2018 to 

2019 
0.31 168 083 92 765 77 318 

Eroding 
2016 to 

2019 
0.39 506 230 273 364 232 865 
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Figure 4.1: A DSM of difference showing the elevation loss on the NW cliff of Pelly Island from 2016 to 

2019 with a hillshaded 2019 DSM with 5m contours as a background. The 2016 and 2019 cliff line are 

represented by dashed lines. 

 

4.2 Spatial and Temporal Variability of Shoreline Change Rates 

The linear regression shoreline change rate during the 1950-2018 observation period was 

-3.8 m∙a-1, with 377 of 550 transects having a p value less than or equal to 0.05, therefore 

suggesting significant differences in rates of retreat between years. In comparison, the mean EPR 

for Pelly Island from 1950 to 2018 was -4.5 ± 0.9 m∙a-1 (Table 5), with 88% percent of the shoreline 

retreating and 12% prograding (Figure 4.2). The mean EPR initially decreased from -3.4 ± 0.5 m∙a-

1 in the 1950-1972 period, to -2.2 ± 0.7 m∙a-1 in the 1972-1985 period. This was followed by an 

increase in retreat, with a mean EPR of -4.4 ± 0.6 m∙a-1 in the 1985-2000 period, and -5.5 ± 0.7 
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m∙a-1 in the 2000-2018 period. The mean EPR from the 2000-2013 period was -4.6 ± 0.53 m∙a-1, 

which was followed by a marked increase in retreat rates, with mean EPR rates of -8.0 ± 2.1 m∙a-

1  for the 2013-2018 period. The 2013-2018 observation period also showed the greatest variability 

in EPR with a standard deviation of 11.1 m∙a-1 (Table 5). 

Table 5: EPR Statistics for Pelly Island. The error associated with mean EPR is ± 0.9 m∙a-1, which is the mean 

dissolution of accuracy (DOA) for all years. 

Observation 

period 

Mean EPR (m∙a-

1) 

Standard 

Deviation 

(m∙a-1) 

Significant Erosion (-

2 Σ) (m∙a-1) 

Significant 

Progradation (+2 

Σ) (m∙a-1) 

1950-1972 -3.4 ± 0.9 m∙a-1 6.6 -16.6 9.8 

1972-1985 -2.2 ± 0.9 m∙a-1 3.7 -9.7 5.2 

1985-2000 -4.4 ± 0.9 m∙a-1 8.3 -21.0 12.1 

2000-2013 -4.6 ± 0.9 m∙a-1 6.9 -18.3 9.2 

2013-2018 -8.0 ± 0.9 m∙a-1 11.1 -30.3 14.3 

1950-2018 -4.5 ± 0.9 m∙a-1 8.0 -20.4 11.4 
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Figure 4.2. The Mean End Point Rate from 1950 to 2018 superimposed on Pelly Island’s 2018 digitized 

shoreline with a 1950 image of Pelly Island as a background. 
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          Of the 550 shoreline change transects, 293 were in the Northwestern (NW) zone and 257 

were in the Southeastern (SE) Zone (Figure 3.5). In the NW zone 96% of the transects had 

shoreline change rates which were retreating and 4% were prograding, while 80% of SE Zone 

transects had shoreline change rates which were retreating and 20% prograding. The mean retreat 

rate for all transects in the NW zone was 8.3 ± 0.9 m∙a-1  in the 1950-2018 observation period, in 

comparison the mean retreat rate for all transects in the SE zone was  0.4 ± 0.9 m∙a-1 (Table 6). The 

NW zone showed the greatest variation in EPR with a standard deviation of 5.4 m∙a-1 compared to 

1.3 m∙a-1 in the SE zone of the island. The transects in the NW zone of Pelly Island experienced 

the highest retreat rates with values up to -21 ± 0.9 m∙a-1 and progradation rates up to 0.6 ± 0.9 

m∙a-1 (see Pelly_Supertable.xls in supplementary information database). In the SE zone, mean EPR 

rates were less negative and ranged from -5.7 ± 0.9 m∙a-1 to 4.4 ± 0.9 m∙a-1. The SE zone had 

positive mean EPR rates (indicating progradation) greater then the DOA (0.9 m∙a-1) whereas the 

NW zone did not.       

Table 6: EPR Statistics generalized for NW and SE side from 1950 to 2018. The error associated with mean EPR is 

the mean of the DOA errors for all years.  

Spatial and Temporal Analysis NW Zone SE Zone 

Number of transects 293 257 

Mean EPR (m∙a-1) -8.30 ± 0.9 m∙a-1 -0.4 ± 0.9 m∙a-1 

Standard deviation (m∙a-1) 5.4 1.3 

Significant erosion (-2 Sigma) (m∙a-1) -19.0 -3.0 

Significant progradation (+2 Sigma) (m∙a-1) 2.5 2.0 

          The mean EPR was also calculated for the three surficial geology classes for each 

observation period. During the 1950-2018 period lacustrine deposits accounted for an average of 

17% of the total transects for each historical shoreline in the study, the morainal deposits accounted 

for a mean of 37%, and the Holocene marine deposits accounted for a mean of 38% of the transects. 

Although lower in coverage, the lacustrine deposits had the highest mean EPR (Figure 6) in all 
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observation periods except for the 1950-1972 observation period, when Holocene marine deposits 

had the greatest mean EPR. The Holocene marine deposits were the most represented class in terms 

of percentages of transects in each observation period prior to 2000, and the morainal deposits 

were most represented in the 2000-2013 and 2013-2018 periods. An increase in retreat for all three 

surficial geology classes occurred during the 2000-2013 period, and the 2013-2018 period (Table 

7).  

Table 7: Mean EPR rates for each surface geology class for the entire island, NW zone, and SE zone. Percentage of 

mean transects represented by surface geology class also included. 

Surficial 

geology 

EPR entire island 

1950-2018 (± 0.9 m∙a-1) 

EPR NW zone 1950-

2018 (± 0.9 m∙a-1) 

EPR SE zone 1950-

2018 (± 0.9 m∙a-1) 

Mean 

Transects (%) 

Lacustrine -5.3 -12.0 -0.8 17 

Moraine -2.7 -5.7 -0.4 37 

Holocene -5.0 -7.3 -0.9 38 

Due to the mobile nature of modern beach deposits and their natural ability to rebuild and 

readjust themselves (lacustrine deposits and the moraine deposits do not share this dynamic 

equilibrium), a separate analysis on the control of differing surficial geology on shoreline change 

in the NW and SE zone was conducted, excluding the Holocene beach deposit class. When 

isolating the NW zone of Pelly Island, the lacustrine deposits hosted the highest retreat rates in 

each of the observation periods (Figure 6). Only in the SE zone of Pelly Island, during the 1950-

1972 observation period, did the moraine deposits have slightly higher mean EPR compared to the 

lacustrine deposits. However, the mean EPR values for the SE zone of Pelly Island were not found 

to be most negative and were generally within the DOA range. During the 1972-1985 period the 

moraine deposits had a positive mean EPR indicating progradation, this is due to the SE zone of 

Pelly Island having a prograding cuspate foreland and active thermokarst slumps with mud lobes 

which prograded into the ocean.  
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Manson and Solomon’s (2007) storm count for the 1958-2000 period indicate that storms 

may have been a control on coastal erosion rates for Pelly Island during the 1972 to 1985 period. 

The decreased mean erosion rates observed in the 1972 to 1985 period, when compared to the 

1950-1972 and 1985-2000 periods, did correlate with a lower number of storms (and associated 

lower wave energy) in the 1972-1985 period (Table 8, Figure 4.3). The higher erosion rates 

observed on Pelly Island during the 1950-1972 period (-3.4 ± 0.9 m∙a-1), and the 1985-2000 period 

(4.4 ± 0.9 m∙a-1) could be related to stormy periods on Pelly Island during the early 1960s, and late 

1980s to early 1990s identified by Manson and Solomon (2007). The most storms (n=36) occurred 

in the 1950-1972 period (Table 8). 

Table 8: Storm count and mean EPR for each observation period are tabulated. Record of storms from 1950 to 2000 

were sourced from Manson and Solomon (2007). 

Observation Period 
Number of wind events 

exceeding 50 km h-1 
Mean EPR (m∙a-1) 

Storms/yr 

1950-1972 36 -3.4 ± 0.5 1.64 

1972-1985 23 -2.2 ± 0.7 1.77 

1985-2000 30 -4.4 ± 0.6 2.00 

2000-2013 3 -4.6 ± 0.5 0.23 

2013-2018 5 -8 ± 2.1 1.00 

          Based on the 2005 to 2018 Pelly Island wind data, storm events could have had less influence 

on coastal erosion since 2000. From 2005 to 2013 there were only three storms recorded, which 

was a very notable drop in storm count compared to the storm count for observation periods from 

1958 to 2000 compiled by Manson and Solomon (2007). However, erosion rates in the 2000-2013 

period were comparable to those for the 1985-2000 and 1950-1972 periods (Table 5). During the 

2013-2018 period there were only five storms recorded, which is another noteworthy drop in storm 

count compared to the 1958-2000 period and does not correlate with the observed increase in 

erosion during this period. This indicates that another factor could be driving the high rates of 

erosion, or that there are errors in the historical wind speeds and directions obtained for Pelly 

Island during the 2005 to 2018 period (Table 8). 
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Figure 4.3. The Mean End Point Rate for the Northwest (NW) zone, Southeast (SE) zone and entire island 

for each surface geology class.  
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Chapter 5: Discussion and Conclusion   

 

Our research quantified shoreline change rates and investigated the influence of surficial geology 

and exposure to storms on shoreline change dynamics for Pelly Island between 1950 and 2018.  

5.1 Rates of Coastal Retreat of Unconsolidated Permafrost Coast are increasing 

The average annual LRR rate for Pelly Island during the 1950-2018 observation period was 

-3.8 m∙a-1, with 377 of 550 transects having a p value equal to or below 0.05 and an average 

standard error of the coefficient of the linear regression of 0.6 m∙a-1. This would indicate that 68% 

of the shoreline change rates changed significantly between 1950 and 2018, and the shoreline 

change rate is most likely to change by 0.6 m∙a-1. In order to better understand the shoreline change 

rates for each observation period, the EPR was calculated for all observation periods (Table 5).  

When comparing the decadal shoreline change rates (excluding the 2013 historical 

shoreline), the mean EPR rates increased in retreat by 1m in three of the four observation periods 

(-3.4 ± 0.5 in the 1950-1972 period, -4.4 ± 0.6 m∙a-1 in the 1985-2000 period, -5.5 ± 0.7 m∙a-1 in 

the 2000-2018 period). During the 1950-1972 period, the retreat rate decreased from -3.4 ± 0.5 to 

-2.2 ± 0.7, which be related to decreased number of storms in the region during this time (Solomon 

and Manson 2007). Increased in shoreline retreat rates since the early 2000s has also been reported 

in other shoreline change studies in the circum-Arctic (Nielsen et al, 2022 Jones et al, 2020). Our 

data agrees with Solomon (2005) that Pelly Island has historically had the highest retreat rates in 

the Canadian Beaufort Sea up to the year 2000, and when comparing our reported change rates for 

the 2000-2018 period (-5.5 ± 0.7 m∙a-1) with other shoreline change reports in the Canadian 
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Beaufort Sea since 2000 (e.g Irrgang et al, 2018; Obu et al, 2016; Lim et al, 2020; Berry et al, 

2021; O’Rourke 2017) our data suggest that Pelly continues to be the location with the highest 

reported shoreline change rates in the Canadian Beaufort Sea.  

When including the 2013 historical shoreline in the comparison of mean EPR rates (no 

longer decadal shoreline change rates), the mean EPR rate during the 2013 to 2018 observation 

period were the most negative (-8.0 ± 2.1 m∙a-1), almost twice as negative as the mean EPR for the 

2000 to 2013 observation period (Table 5). This is likely due to the comparison of a decadal 

shoreline change rate from the 2000-2013 period with an observation period which is half its length 

in time, since decadal shoreline change rates are less influenced by short-term non-linear nature of 

shoreline change rates. This is exemplified by the mean EPR for the 2000-2018 period, which was 

-5.5 ± 0.7 m∙a-1 in the 2000-2018 period. However, the inclusion of the 2013 historical shoreline 

(derived from the image used for co-registration of all other imagery) still adds value to our 

investigation of shoreline change rates on Pelly Island. It is important to note that a mean EPR of 

-46.7 ± 2.1 m∙a-1 was calculated for a transect in the NW zone of Pelly Island during the 2013 to 

2018 period. This shoreline change rate was calculated for a transect located along a section of 

shoreline classified as moraine deposits, and the adjacent transects had similarly high rates of 

shoreline retreat. When comparing this this extreme retreat rate with other more local change rates 

for similarly smaller sections of shoreline (e.g.: Lim et al, 2020; Berry et al, 2021; O’Rourke 2017; 

Irrgang et al, 2018; Obu et al, 2016) could be the greatest local retreat rate reported in the Canadian 

Beaufort Sea, and possibly the circum-Arctic.  

The compilation of storms (with mean speeds > 50 km∙h-1, duration > 6 hours, wind vector 

cut off to only include 270° to 360° direction) during the open-water season (June to October) for 

each observation period was aggregated to identify relationships between storm count and mean 
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shoreline change rates on Pelly Island (Table 8, Figure 3.6). Storms were found to be a control on 

coastal erosion from 1950 to 2000. During the 2000 to 2013 observation period (which had missing 

data from 2000 to 2005), there was a marked decrease in storms with only three storms recorded 

at the Pelly Island weather station compared to 30 storms calculated by Manson and Solomon 

(2007) for the 1985-2000 observation period (Table 8). Despite this, both observation periods had 

similar erosion rates regardless of the number of storms. The 2013 to 2018 period also had very 

low number of storms compared to the number of storms calculated by Manson and Solomon 

(2007) during the 1950-2000 period, with only five storms recorded during a period where mean 

erosion rates had almost doubled all other observation periods (Table 8). The decreased number of 

storms in the last two decades could be due to the two different methods for compiling wind data, 

with our storm count from 2005 to 2018 derived from the Pelly Island weather station, whereas 

the 1958 to 2000 storm count used in our project was derived from Manson and Solomon (2007) 

which combined wind data from weather stations from Tuktoyaktuk from 1958 to 2000 with wind 

data from the Pelly Island wind station from 1994 to 2000 to create a synthetic storm count for 

Pelly Island from 1958 to 2000. It is worth noting that wind conditions on Pelly Island are known 

to be more characteristic of marine winds (Manson and Solomon 2007), having much greater 

speeds and variability when compared to the other more sheltered or inland wind stations, such as 

the Tuktoyaktuk wind stations used in the synthetic storm record created by Manson and Solomon 

(2007). Therefore, we would expect greater number of storms to be recorded when using data 

strictly derived from the Pelly Island weather station compared to the synthetic storm record which 

includes wind data from Tuktoyaktuk weather stations. O’Rourke (2017) compiled storms for the 

Beaufort Mackenzie region from 2008 to 2015 using wind data from a Tuktoyaktuk weather station 

and yielded storm count results comparable to those found by Manson and Solomon (2007) in the 
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1958-2000 period, however O’Rourke (2017) used a storm criteria which only identified storms 

over 50 km∙h-1, with no reported criteria on storm duration or storm direction (wind vector cut off), 

which would likely yield higher storm counts compared to the storm count criteria used in our 

study and in the Manson and Solomon (2007) study. It is possible that the decreased storm count 

from 2005 to 2018 in our study is accurate (although seems unlikely), which would be in line with 

the prediction from Manson and Solomon (2007) that storms in the Beaufort were going to 

decrease in frequency and increase in strength as we approach 2050. When normalizing storms it 

was found that the number of storms has only decreased slightly post 2000s. Additional studies on 

storms are recommended to confirm if there has been a decrease in storms using the storm 

definition set out by Manson and Solomon (2007), and further analysis of storms without a wind 

vector cut off would be useful to determine the influence of storms form the south-east.  

 

5.2 Shoreline change rates are controlled spatially by coastal exposure and local geology 

The NW zone of Pelly Island (Figure 3.5), which faces the predominant storm direction to 

the Northwest (Lintern et al., 2013; Solomon 2005), had a mean EPR of -8.27 ± 0.9 m∙a-1 during 

the 1950 to 2018 observation period, in stark comparison the more sheltered SE zone had a mean 

EPR of -0.44 ± 0.9 m∙a-1 (Table 6). During the 1950 to 2018 observation period, the NW zone had 

96% of its transects retreating and 4% prograding and the SE zone had 80% of it transects 

retreating and 20% prograding. This major difference in coastal retreat rates is due to the exposure 

of the NW zone to the predominant storm direction, allowing wind driven waves and associated 

high water level during storm surges to erode the coastline. However, both the NW zone and SE 

zone of Pelly Island have been primarily retreating and not prograding. The NW zone experienced 
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the most shoreline retreat, having eroded by as much as 1.4 km over the 1950 to 2018 period (see 

supplemental information database Pelly_Supertable.xls).  The Canadian Beaufort Sea is known 

to be quite shallow (Lintern et al., 2013). Subtle variations in nearshore bathymetry could also play 

a role in the higher retreat rates observed in the NW zone of Pelly Island since it has a deeper 

nearshore profile compared to the SE zone possibly allowing larger waves to reach the shoreline 

(see bathymetric contours in Figure 1.1).  

The ice-rich moraine deposits (and underlying units) on Pelly Island are found in higher 

elevation headlands (5 to 30 m) compared to the ice-rich lacustrine deposits which occupy lower 

lying headlands. Although lower in coverage (represented an average of %16 of the transects for 

each historical shoreline), lacustrine deposits had the most negative change rates for all but one 

other observation period. When excluding the Holocene marine deposits from our analysis and 

only comparing the different change rates for lacustrine and moraine deposits in the NW and SE 

zone of Pelly Island, lacustrine deposits had the highest coastal retreat in all observation periods 

except for the SE zone during the 1950 to 1972 observation period. It is important to note that the 

portion of moraine deposits in the south-eastern portion of the NW zone may be contributing to 

the reduced retreat rates for moraine deposits in the NW zone because a high percentage of the 

NW moraine class transects are along this non-eroding (drift-aligned) coast, parallel to the 

dominant direction of wave approach. The implementation of a surficial geology classification 

scheme combined with our mean shoreline change rates agrees with other studies (Solomon 2005, 

Pelletier and Medioli 2014) that the lower lying ice-rich lacustrine deposits are more susceptible 

to coastal retreat. 

Coastal change in the Beaufort Sea is driven by the impact of periodic storms and long-

term rising sea level (Manson and Solomon 2007; Lintern et. al. 2013; Solomon 2005; Berry et. 
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al. 2021; Scharffenberg et. al. 2019; Kim et. al. 2021). It has been suggested that local geological 

and morphological conditions could influence coastal change in the Beaufort Mackenzie region 

(Solomon 2005). Lacustrine deposits are absent on the other two islands in the outer island zone 

identified by Solomon (2005), which could help explain why Pelly Island has such high coastal 

retreat rates in comparison (Lim et al, 2020), the increased retreat rates observed from lacustrine 

deposits on Pelly Island.  

Previous research on the historical (1972 to 2000) shoreline change rates in the Canadian 

Beaufort Mackenzie region was conducted by Solomon (2005), who reported the mean shoreline 

change rate for five zones, one of which was designated for the outer islands of the Mackenzie 

Delta and included Pelly Island (although shoreline change rates for Pelly Island specifically was 

not reported). Through Natural Resources Canada (NRCan) it was possible to access the data and 

results specifically for Pelly Island (including georeferenced historical imagery) from the Solomon 

(2005), allowing a direct comparison to the shoreline change rates for Pelly Island. A total of 136 

transects were used in the Solomon (2005) study to calculate shoreline change rates. In 

comparison, our study used a total of 550 transects to calculate shoreline change rates. 

First, we compared the two differently georeferenced historical imagery (1972, 1985, 

2000) from our study, which was the same imagery used in the Solomon (2005) study, but co-

registered to a high resolution satellite image of Pelly Island (2013 Geoeye). It was found that the 

position of the Southwestern shoreline of Pelly Island deviated by as much as 40 m for the 1972 

and 1985 imagery used in the Solomon (2005) study, which is due to the Solomon (2005) study 

having used two images with very clear warping of one of two images in the 1972 period (southern 

image of Pelly), and one of two images in the 1985 period (southern image of Pelly again) due to 

georectification errors. Shoreline positions in all other areas of the Pelly Island imagery from the 
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1972 to 2000 Solomon (2005) study did generally agree with our 1972 to 2000 imagery which was 

co-registered (within 10m).  

Shoreline change rates from 1972 to 2000 for our study and the Solomon (2005) study are 

found in Table 9. Our study calculated the mean shoreline change rate from 1972 to 2000 was -3.4 

± 0.7 m∙a-1, whereas a mean shoreline change rate of -1.4 m∙a-1 was found when analysing data 

from the Solomon (2005) study. Pelly Island was identified as having the highest retreat rate in the 

Beaufort-Mackenzie region from 1972 to 2000 in the Solomon (2005) study, with up to 22.5 m∙a-

1 ± 1 m∙a-1of coastal retreat observed in the 1985 to 2000 period (the only shoreline change rate 

given for Pelly Island specifically). In comparison, our study found that Pelly Island had an even 

greater maximum retreat rate, with -26.7 ± 0.6 m∙a-1 during the 1985 to 2000 period. When 

analysing the shoreline change data used in the Solomon (2005) study, we found that the maximum 

shoreline retreat distance calculated for Pelly Island was -429.2m, in contrast our study found that 

Pelly Island had a maximum shoreline retreat of -554.6 m (Table 9). Two reasons for the 

differences in shoreline change rates compared to those in the Solomon (2005) study are primarily 

due to our project having almost double the transects used in the shoreline change analysis, which 

could lead to better representation of shoreline change rates. A second reason is that our study had 

more accurate shoreline positions in the southern part of Pelly Island for the 1972 and 1985 period, 

due to two images used in the Solomon (2005) study which had shoreline position errors due to 

clear georectification errors in one of two images used in 1972, and one of two images used in 

1985. 
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Table 9: A comparison of the shoreline change results in our study using AMBUR (Jackson 2009) compared to the 

shoreline change results in Solomon (2005) using DSAS (Thieler, 2009). 

EPR 1972-2000 Solomon (2005), using DSAS 
Our study using 

AMBUR 

Mean shoreline change rate -1.4 m∙a-1 -3.4 ± 0.9 m∙a-1 

Maximum progradation per year 3.8 m∙a-1 6.8 ± 0.9 m∙a-1 

Maximum erosion per year -15.3 m∙a-1 -19.8 ± 0.9 m∙a-1 

Maximum progradation distance 107.5 m 190.3 m 

Maximum retreat distance -429.2 m -554.6 m 

Transect Count 136.0 550.0 

To better highlight differences in these two methods, we compared shoreline change results 

from five adjacent transects from the northwestern zone for each study (Table 10). The chosen 

location for comparison was on the Northwestern zone of Pelly Island, an area where 

georectification and shoreline position generally agreed for both studies compared to other areas. 

Four out of five transects (all adjacent to each other) compared were found to have marked 

differences for rates of coastal retreat (Transects A to D). However, there was an instance where 

the transect in each study agreed almost perfectly (Transect E), indicating that both methods could 

produce very similar results. The differences in shoreline change rates and shoreline retreat is 

thought to be due to differences in the greater number of transects used in our study and the two 

images with georectification errors used in the Solomon (2005) study. 

Table 10: A comparison of transect results from this research to Solomon (2005) results along the NW cliff of Pelly 

Island  

Transects from NW 

of Pelly 1972  to 

2000 

Solomon (2005), using DSAS Our study, using AMBUR 

Retreat (m) EPR (m∙a-1) Retreat (m) EPR (m∙a-1) 

Transect A -239.8 -8.6 -274.7 -9.8 

Transect B -229.7 -8.2 -288.6 -10.3 

Transect C -265.7 -9.5 -356.1 -12.7 

Transect D -349.7 -12.5 -410.4 -14.7 

Transect E -429.1 -15.3 -429.3 -15.3 
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The total volumetric erosion for the NW cliffs (Figure 4.1) of Pelly Island from 2016 to 

2019 was 506 230 m³ (with a 95 % confidence interval), of which an estimated 232 865 m3 of 

sediment and nutrients were liberated into the nearshore. The 450 m stretch of the NW cliffs 

fluctuate in elevation from 1 m to 24 m, with approximately 1 m being moraine (minimal ice 

content), and the underlying units comprising the rest of the cliff (high ice content). When 

normalizing volumetric erosion, it was estimated that the 450 m stretch of coastline studied was 

eroding at 373 m3 m-1 a-1. In comparison, Obu et al. (2016) estimated that the rate of volumetric 

erosion from block failures on the north side of Herschel Island (Yukon) was 73 m3 m-1 a-1 between 

2004 and 2013, and Berry et al. 2020 reported that the block failures on Pullen Island (NWT) have 

been eroding at 37.5 m3 m-1 a-1 from 2016 to 2017. The presence of block-failures along coastal 

segments has been more closely correlated with environmental forcing as opposed to planimetric 

erosion rates (Obu et al., 2016), which could indicate that the higher rates of volumetric erosion 

observed along the NW cliffs of Pelly Island are due to greater exposure to environmental forcing 

and wave-action compared to Herschel Island. In contrast, Pullen Island is adjacent to Pelly Island 

(40km away) and shares similar coastal exposure to the predominant storm direction and has 

volumetric erosion rates for block-failures which are much lower than those at Herschel Island 

(130km NW of Pelly). Based on storm data by Berry et al (2020) for Pullen Island, the 2016 to 

2017 period had storms of greater duration and intensity compared to the 2017 to 2018 period of 

their study and resulted in greater volumetric erosion of block failures from 2016 to 2017. A similar 

observation was made for Pelly Island, which had the highest volumetric erosion rates during the 

2016 to 2017 period and would have been affected by the same increase in storm intensity and 

duration. Cliffs over 30 metres generally have large volumetric erosion rates even while eroding 

at low planimetric erosion rates (Obu et al., 2016). The cliffs with block failures on Pullen Island 
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are only 5 m in elevation, therefore it can be assumed that Pelly Island’s larger cliffs are the reason 

for the greater erosion rates observed on the NW cliffs. This could indicate that the combination 

of high elevation cliffs and coastal exposure to storms is driving the abnormally high volumetric 

erosion rates observed on Pelly Island.  

Land loss and the liberation of high sediment and nutrient loads into the nearshore from 

rapid erosion of permafrost coasts has a significant impact on coastal ecosystems and the food 

security of northern communities (Semiletov et al. 2016; Ford et al. 2015; Johnson et al. 2003; 

Mars and Houseknecht 2007). Large quantities of sediment and nutrient loads can be released by 

coastal erosion (Rachold et al. 2004) and to quantify the proportions of these materials volumetric 

erosion data are required. Historically Arctic coastal erosion studies were mostly based on linear 

shoreline movements (planimetric coastal erosion) and land loss observations, with only a small 

quantity of studies estimating volume losses (volumetric coastal erosion). Volumetric coastal 

erosion was poorly understood due to the limitations of traditional remote sensing methods and 

the absence of high resolution DEMs (Obu et al. 2016). Mass fluxes of sediments and nutrients 

were based on the combination of planimetric shoreline movement rates and average cliff heights 

(e.g., Jorgenson and Brown 2005; Gunther et al 2013) and assumed that shoreline retreat correlates 

with volumetric erosion. The scarcity of volumetric data significantly reduces the accuracy of 

estimates for sediment and nutrient fluxes (Obu et al. 2016). However, the recent advent of higher 

temporal and spatial resolution remote sensing methods (<1m satellite imagery, LiDAR, UAV-

SfM) has improved the ability to capture short-term geomorphic change in the Arctic while using 

DEMs (Jones et al. 2013; Gunther et al. 2015; Obu et al. 2016; Jones et al. 2018; Cunliffe et al. 

2019; Berry et al. 2021, Clark et al. 2020).  
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Chapter 6: Conclusions 

 

By quantifying the shoreline change rate for the 1950-2018 observation period and comparing 

the influence of surficial geology and exposure to storms on shoreline change rates it was possible 

to draw the following conclusions about the coastal dynamics on Pelly Island. 

- The average annual LRR rate for Pelly Island during the 1950-2018 observation period was 

-3.8 m∙a-1, with 377 of 550 transects having a p value equal to or below 0.05.  

- A mean EPR of -5.5 ± 0.7 m∙a-1 was calculated for the 2000-2018 period, and a maximum 

retreat rate of 46.7 ± 2.1 m∙a-1 was recorded during the 2013-2018 observation period. 

- Shoreline exposure to the predominant storm direction from the Northwest was found to 

be a major influence on shoreline change rates in all observation periods, with the NW 

zone of Pelly Island (Figure 3.5), which faces the predominant storm direction to the 

Northwest, had a mean EPR of -8.27 ± 0.9 m∙a-1 during the 1950 to 2018 observation 

period. In stark comparison the more sheltered SE zone had a mean EPR of -0.44 ± 0.9 

m∙a-1 (Table 6). 

- The NW zone experienced the most shoreline retreat, having eroded by as much as 1.4 km 

over the 1950 to 2018 period. 

- Although lower in coverage compared to moraine deposits and modern Holocene beach 

deposits (represented an average of 16% of the transects for each historical shoreline), 

greater retreat rates were observed for lacustrine deposits in all but one observation period. 
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- When normalizing volumetric erosion, it was estimated that the 450m stretch of the NW 

cliffs of Pelly Island coastline were eroding at 373 m3 m-1 a-1 (± 0.39 m3). 

- Pelly Island continues to host the highest retreat rates in the Canadian Beaufort Sea, and 

our study reports that Pelly Island’s retreat rates have been increasing since the year 2000. 

Pelly Island continues to be an extreme example of shoreline retreat in the Mackenzie-Beaufort 

region. Further investigation is needed to define the direct impacts of environmental forcing (wind, 

waves, air temperatures) on the island and the implications this could have on coastal dynamic 

processes of extreme change that have been observed through this study.    
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