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Abstract 

Small islands and coastal areas are threatened by the negative impacts of climate change. Sea-level rise, 

increased storm event and frequency, and other coastal hazards are expected to impact infrastructure, 

settlements, and facilities that support the livelihood of coastal communities. In addition, small islands 

and coastal communities are often considered to lack the capacity to properly anticipate and adapt to a 

quickly changing climate. Proper coastal adaptation requires a number of key components including 

data collection, monitoring and evaluation. This thesis sought to evaluate two methodologies of data 

collection and monitoring on Prince Edward Island, Canada: one low cost method using terrestrial peg 

line measurement; and two, the use of low altitude small Unmanned Aerial Vehicles (UAvs) to create 

high resolution orthomosaics and digital surface models for coastal assessment. Considerations of cost, 

agility and accuracy of the research methods are made throughout the thesis with an intended 

application to a long-term monitoring program that can be adopted by other small island and coastal 

communities around the world interested in improving their resiliency and ability to adapt to climate 

change.  

An historical terrestrial measurement method was employed on Prince Edward Island by the 

Department of Community and Cultural Affairs Marine Environment Section in 1984 but abandoned 

several years later in the early 1990s. This thesis investigated this method through re-measurement and 

study of old log books and revealed several inadequacies. Improvements to the historical monitoring 

method are made through the resurrection and establishment of 74 erosion measuring locations across 

Prince Edward Island during the 2014 and 2015 field seasons. Measurement of these 74 cliff and bluff 

coastal environments resulted in an average annual loss of 0.46 m with a single largest loss of 2.69 m. 

This method is limited by the type of data collection but provides a good starting point for coastal 

communities with limited knowledge and expertise in the field to begin understanding and quantifying 

coastal change.  
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Recent developments in Unmanned Aerial Vehicle technology have led to a wide-spread interest in 

using the technology across many industries and fields of study. A major advantage of using UAVs is 

their ability to efficiently collect high resolution orthomosaics and elevation models at a fine temporal 

scale for coastal assessments. This thesis utilized two UAV systems at a study site in North Lake, Prince 

Edward Island, Canada - a fixed wing system by PrecisionHawk, and a quadcopter by 3DRobotics - and 

conducted a comparative analysis to determine the best platform for the application to coastal data 

collection and monitoring. Results found consistently improved performance of the quadcopter versus 

the fixed wing, including accuracy, a lower upfront cost, and the ability to perform to expectation in high 

sustained winds. Some results include an image marker to ground control point difference of 0.10 m for 

the fixed wing and 0.03 m for the quadcopter. The quadcopter showed better results when comparing 

elevations to a survey grade GPS survey of the study site, and coastal delineations of the orthomosaics 

showed a slight improvement using the quadcopter. This comparative analysis showed the real 

possibility of accurately representing a coastal cliff or bluff environment using UAV technology that can 

be monitored to detect annual change. The ability of UAVs to cost-effectively and accurately produce 

data rich products leads to the conclusion that the technology provides a realistic alternative to 

traditional monitoring methods and has great implications for the adoption to monitor coastal 

environments of small islands and coastal communities.     
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Chapter 1 

1.1 Introduction 

Coastal areas and small islands are vulnerable to the human-induced effects of climate change. In 

particular, sea-level rise is expected to threaten infrastructure, settlements and facilities that support 

the livelihood of coastal communities through exacerbated inundation, storm surge, erosion, and other 

coastal hazards (Nurse et al, 2014). The Fifth Assessment Report (AR5) of the IPCC (Intergovernmental 

Panel on Climate Change), the leading authority on climate change, contains a chapter on the challenges 

faced by small islands due to climate change (Nurse et al, 2014). The IPCC report notes that settlements 

and infrastructure are mostly located in coastal areas of small islands and are highly vulnerable to sea-

level rise and high energy waves and storm surges. A loss of coastal amenities coupled with temperature 

and rainfall changes has the potential to greatly affect the vital tourism industry of islands. Cultural 

assets are also considered to be at risk (Nurse et al, 2014).  

The intention of this thesis was to investigate alternatives to common data collection methods in coastal 

areas by assessing two methods - a conventional (peg line) and emerging (UAV) ones for characterizing 

coastal morphology and change. The purpose of investigating these methods was to determine if low 

cost, agile approaches to coastal mapping and monitoring are accurate enough to detect annual changes 

over many study sites. The motivation of this work was to provide low capacity small islands and coastal 

communities with a means to record and quantify coastal change to build resilience and enhance 

adaptation capabilities under a changing climate.      

This thesis focuses on Prince Edward Island, Canada, an island province similar to the small islands 

described in the IPCC AR5. The conclusion made by the IPCC AR5 was for small islands to focus urgently 

on enhancing resilience and adaptation implementation holds true (Nurse et al, 2014). An assessment of 

the IPCC Technical Guidelines for coastal adaptation by Klein et al (1999) proposed a broad framework 
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approach to coastal adaptation assessment: (i) information collection and awareness raising; (ii) 

planning and design; (ii) implementation; and (iv) monitoring and evaluation (Klein et al, 1999). The 

focus of this thesis is on the development and assessment of a terrestrial and an airborne method for 

addressing information collection and monitoring of the coastal adaptation approach. Information 

collection and monitoring of coastal erosion on Prince Edward Island is detailed in Chapters 2 and 3 of 

this thesis. Chapter 2 investigates the use of peg-line terrestrial measurements of coastal erosion in cliff 

and bluff environments across Prince Edward Island and its application to a long term monitoring 

program. Chapter 3 is a comparative analysis of two UAV (Unmanned Aerial Vehicle) platforms for 

collecting airborne imagery to generate high resolution orthomosaics and DSM (Digital Surface Models) 

of a cliff envƛǊƻƴƳŜƴǘ ŀƭƻƴƎ tǊƛƴŎŜ 9ŘǿŀǊŘ LǎƭŀƴŘΩǎ ƴƻǊǘƘ ǎƘƻǊŜΦ ¢Ƙƛǎ ŎƘŀǇǘŜǊ ŀŘŘǊŜǎǎŜǎ ǘƘŜ ŀŎŎǳǊŀŎƛŜǎ ƻŦ 

the generated data and the development of a methodology for the application to long term coastal 

monitoring using UAVs. Together this work aims to build upon previous efforts made on Prince Edward 

Island to document, monitor, and disseminate coastal change information. The methods explored in this 

work intend to address challenges of long term monitoring at small temporal and spatial scales. 

Considerations of cost and capacity are a major theme of this work. The methods investigated in 

Chapter 2 and 3 were chosen based on the limited cost and staff required to collect and process data 

across many study sites.  

Methods are assessed based on several criteria including; cost, time, accuracy, skills required, 

regulations, data output, and feasibility to implement Island wide. It is hypothesized that UAV 

technology can be effectively applied to coastal environments and prove the most viable solution to 

accurately detecting coastal cliff and bluff erosion at small spatial and temporal scales.  
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1.2 Background 

1.2.1 Coastal Change Methodologies on Prince Edward Island 

The negative impacts of climate change on Prince Edward Island are expected to be most prevalent 

along the coast (Fenech, 2016). Accelerating relative sea-level rise coupled with projections of increasing 

storm intensity and declining winter ice cover in the southern Gulf of St. Lawrence suggests an increase 

in coastal erosion hazards (Forbes et al, 2004). Millions of dollars in damage to harbour facilities, coastal 

tourism infrastructure, and damage to private homes occurred during three major storms in the 

southern Gulf of St. Lawrence in 2000-2001 through storm surge flooding, wave action, and sea-ice run 

up (Forbes et al, 2002). Storms can also cause geomorphological changes such as beach, dune, and cliff 

erosion. Understanding of natural responses to environmental forcing is required for coastal 

management practices and realistic ability to predict shoreline change (Forbes et al, 2004). 

Recent work conducted by Webster and Brydon (2012) on Prince Edward Island studying coastal change 

examined black and white orthophotos from 1968 and colour orthophotos from 2010 where the  

coastline was defined at metre increments. Webster and Brydon (2012) defined the coastline as the 

most landward influence of the ocean. For the purposes of this thesis, a modified definition of coastline 

is used to describe the seaward edge of land along a cliff top.  

Moreover, Webster and Brydon (2012) calculated distance of change by interpreting and mapping the 

coastline from orthophotos across multiple years. Rates of change were then calculated based on when 

the orthophoto datasets were collected (Webster, 2012). A Geographic Information System (GIS) was 

used to complete the analysis resulting in an average rate of erosion of 0.28 m/year between 1968 and 

2010. Direction of coastline change determined erosion and accretion of the coastline and were 

included in the above calculation. Anomalous areas defined as areas with rates higher than +/- 3 m per 

year were not included in the final tally (Webster and Brydon, 2012). This study provided an historical 
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rate of change that is now used by provincial government officials for coastal management practices 

such as decision-making regarding issuing building permits, and determining set-back regulations. 

Currently, while there are exceptions to these general rules, the set-back regulation for a given property 

seeking a building permit shall be no closer than 75 feet or 60 times the annual rate of erosion, 

whichever is greater, to a beach, measured from the top of the bank (Planning Act - Subdivision and 

Development Regulations).  Levels of risk were generated by Webster and Brydon (2012) using the 

results of their study: High Risk: great than 90 cm/year; Moderate Risk: 30 ς 90 cm/year; Low Risk: less 

than 30 cm/year.  Levels of vulnerability (high, moderate, and low) of coastal infrastructure on Prince 

Edward Island have also been generated using the results of this study by multiplying the metre 

increment change by 30, 60, and 90 year projections (Fenech et al., submitted 2016) which assumes a 

linear progression of historical rates of erosion. This assumption introduces potential issues and 

uncertainties particularly in areas where high rates of change were found around low lying marsh land. 

The interpretation of the coastline between 1968 and 2010 can suggest a large change when the extent 

of a salt marsh changes but will not necessarily persist because of the topography. These inconsistencies 

present an opportunity for improved data collection methods that can lead to better decision-making. 

Additionally, province-wide orthophotos are captured by the Department of Forestry every 10 years for 

updating the provincial forest inventory and use across departments (PEI State of the Forest Report, 

2010). This time scale lacks the ability to study annual coastal change and the influencing effects of 

climate change; particularly sea-level rise and increased storm severity. Annual changes are necessary to 

track areas of coastal risk and vulnerability (Boak et al, 2005). A supplementary approach at a finer time 

scale can improve the ability to manage the coastal zone.  

Additional work for monitoring and resolving a rate of coastal change on Prince Edward Island was 

ǎǘŀǊǘŜŘ ōȅ tǊƛƴŎŜ 9ŘǿŀǊŘ LǎƭŀƴŘΩǎ 5ŜǇŀǊǘƳŜƴǘ ƻŦ /ƻƳƳǳƴƛǘȅ ŀƴŘ /ǳƭǘǳǊŀƭ !ŦŦŀƛǊǎ aŀǊƛƴŜ 9ƴǾƛǊƻƴƳŜƴǘ 

Section in 1984. This method involved taking annual terrestrial measurements using a measuring tape 
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from known landmarks or installed angle iron stakes to the coastline at locations across the province. 

The differences in annual measurements were used to quantify coastal change to give a rate of change 

for a given study site. This method continued until the early 1990s at which point the coastal change 

monitoring program was mostly abandoned as seen in the field notes in Appendix A .  

1.2.2 Application of UAV to the Coastal Zone 

Small Unmanned Aerial Systems (sUAS) or Unmanned Aerial Vehicles (UAV) have seen a dramatic 

increase in use for studying the environment (Whitehead et al, 2014). (Note: UAV (Unmanned Aerial 

Vehicle) refers directly to the aircraft whereas sUAS (small Unmanned Aerial System) encompasses all 

components required for flight including but not limited to aircraft, ground control station, data link, 

and sensor.) sUAS provide researchers with a relatively low cost tool ($4,000 - $40,000) that enables the 

collection of high resolution airborne spatial data at many temporal scales. Previously, orthorectified 

aerial images or digital elevation models (DEM) were generated using data captured using either 

manned aircraft or satellites. Compromises of cost, spatial scale, and temporal scale were something 

researchers needed to work around. Improved image-matching algorithms, battery technology and 

design, and automated mission control software has enabled the potential for sUAS to become a reliable 

alternative to traditional spatial data collection methods. UAV have been applied for research to mining 

(for example, Lejeune et al, 2013), forestry (for example, Immerzeel et al, 2014), animal pattern 

movements (for example, Zmarz, 2014), and glacier dynamics (for example, Tong et al, 2015) with 

several papers focused on assessing the accuracy of photogrammetrically-derived elevation models 

(Douterloigne et al, 2010, Harwin and Lucieer, 2012, Hugenholtz et al, 2013). Additionally, application of 

sUAS to river channels and coastal environments has been studied by Flener et al. (2013) and Mancini et 

al. (2013). 
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Flener et al. (2013) used UAV technology coupled with terrestrial mobile LiDAR to develop a method for 

creating high resolution digital terrain models (DTM) of river channels and their floodplains. UAV were 

flown to create an image-based bathymetric model of the river bed and photogrammetrically-derived 

point cloud of the study site (Flener et al, 2013). Terrestrial mobile LiDAR was used in river channel 

mapping where turbidity was low. UAV were controlled manually leading to challenges in coverage. UAV 

reliability was also a challenge as a UAV malfunction resulted in the UAV ending up in the river during 

the first campaign (Flener et al, 2013). GCP (Ground Control Points) were used to validate the sUAS data 

and resulted in under 10 cm spatial and elevation errors. Ultimately, data from several sources were 

combined successfully to map the river channel between 2010 and 2011 where a change detection 

analysis using transects was able to map geomorphological differences of the river channel. This study 

concludes that a UAV-only approach may be preferred combining photogrammetry point clouds for dry 

areas and bathymetric modelling for inundated areas (Flener et al, 2013). 

Mancini et. al. employed the use of sUAS for a beach dune system in Marina di Ravenna, Italy as they 

sought a rapid, inexpensive, and automated method for producing a dense point cloud and subsequent 

DSM (Digital Surface Model) (Mancini et al, 2013). Comparison of the data to a Terrestrial Laser 

Scanning (TLS) survey and GNSS (Global Navigation Satellite System) survey was used for validation. 

Results of the vertical comparison showed very little difference between the sUAS and TLS DSM (0.015 

m) suggesting the vertical accuracy of the sUAS dataset is comparable to the industry accepted TLS 

(Mancini et al, 2013). Eighteen ground control points were used for the hex-copter survey of a 200 m 

wide dune system. Mancini et al. concludes that the sUAS workflow provides a promising alternative to 

expensive, time consuming data collection methods for deriving DSM in dune environments. Mancini et 

al. noted that difficulties can arise in sudden topographic changes in slope and that assessment of 

different geomorphic environments is required (2013).      
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Abstract 

Prince Edward Island, Canada in the Southern Gulf of St. Lawrence has historically experienced high 

rates of coastal erosion that threaten homes, cottages, lighthouses, wells, septic systems, roads and 

other infrastructure. Expected impacts of climate change on the Island include increased storm severity 

and frequency, and sea-level rise leading to an increase in the vulnerability of coastal infrastructure. A 

sharp increase in sea-level rise after 2004 at Charlottetown, PE affirms these concerns. As a result, there 

exists a need to consistently monitor and quantify coastal change across the province on an annual 

basis. The objective of the work outlined in this chapter was to collect coastal change data along the 

ǇǊƻǾƛƴŎŜΩǎ ŎƭƛŦŦ ŀƴŘ ōƭǳŦŦ Ŏƻŀǎǘŀƭ ŜƴǾƛǊƻƴƳŜƴǘs for application to an annual monitoring program. In order 

to do this, a low cost, low technology method was employed at measuring locations across the Island. 

The terrestrial peg line measuring method is based on an historical erosion monitoring program 

established and run by the Department of Community and Cultural Affairs Marine Environment Section 

in 1984 until the early 1990s. Historical study sites were re-measured during the 2014 summer field 

season where possible using the methods outlined in the historical field notes. Improvements were 

made to the methods to improve accuracy and sustainability of the program and constitute the 

beginning of a new erosion monitoring program across Prince Edward Island. Seventy-four cliff top 

measurement locations were measured during the 2014 and 2015 field season resulting in an average 

loss of 0.46 m. Twenty-four additional sites were added in 2015. The largest single loss of 2.69 m was 

observed at Wood Islands Lighthouse. It is recommended that this monitoring program continue to 

grow for many years as a supplement to other coastal monitoring initiatives to understand the long term 

impacts and trends of coastal change in an uncertain changing climate. 
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2.1 Introduction 

Coastal environments are experiencing the adverse effects of climate change from sea-level rise and 

extreme events (Nicholls and Cazenave, 2010). The coast of PEI is no exception and has been identified 

ŀǎ ƻƴŜ ƻŦ /ŀƴŀŘŀΩǎ Ƴƻǎǘ ǾǳƭƴŜǊŀōƭŜ ŎƻŀǎǘƭƛƴŜǎ ǘƻ ǎŜŀ-level rise (Forbes et al, 2002). Coastal hazards on 

PEI are influenced by sea-level rise, tides, storm surge, and wave action and effect, and result in coastal 

erosion, coastal flooding, and damage to coastal ecosystems (Davies, 2011). Generally, erosional 

processes are dictated by wave energy, wind, surface run-off, and ground water flow (Irvine, 2014). The 

ǎŜƴǎƛǘƛǾƛǘȅ ƻŦ t9LΩǎ ŎƻŀǎǘƭƛƴŜ Ŏŀƴ ōŜ attributed to a few main factors: fragile sandstone bedrock; sandy, 

dynamic shore zones; indented shoreline with extensive salt marsh; low backshore terrain with 

increased flooding potential; high rate of shore retreat; and ongoing coastal submergence (Hawkins, 

нллтύ ŀƴŘ ǊƛǎƛƴƎ ǎŜŀ ƭŜǾŜƭǎ ό²ŜōǎǘŜǊΣ нлмнύΦ t9LΩǎ ǎǳǎŎŜǇǘƛōƛƭƛǘȅ ǘƻ Ŏƻŀǎǘŀƭ ŎƘŀƴƎŜ Ƙŀǎ ƭƻƴƎ ōŜŜƴ 

recognized (Armon and McCann, 1977, Avery, 2005, Webster, 2012, Forbes et al, 2002) including a 

report by Forbes et. al. in 2004 that found variability in time and location of coastal erosion rates along a 

sample study site on the North Shore of PEI in the Southern Gulf of St. Lawrence. Cliff erosion rates less 

than 1 m / year (slow and persistent) to 2.5 m/year or greater (more variable) were found (Forbes et al, 

2004).  

5ŜǎǇƛǘŜ ǘƘŜ ǿƻǊƪ ǎǘǳŘȅƛƴƎ ǘƘŜ ǎŜƴǎƛǘƛǾƛǘȅ ƻŦ t9LΩǎ ŎƻŀǎǘΣ ƴƻ ŎƻƳǇǊŜƘŜƴǎƛǾŜ ŀƴƴǳŀƭ Ŏƻŀǎǘŀƭ ƳƻƴƛǘƻǊƛƴƎ 

program has been in place. Coastal monitoring over a range of temporal and spatial scales has been 

recognized by the Intergovernmental Panel on Climate Change (IPCC) as an important aspect to 

understanding the effects of climate change (Nicholls and Cazenave, 2010). This chapter introduces a 

Provincial historical monitoring program and assesses the practicality and benefits of resurrecting, 
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improving, and maintaining a low cost, agile coastal monitoring program using direct field 

measurements of cliff top pins.  

! ƎŜƻƳƻǊǇƘƛŎ ǎƘƻǊŜƭƛƴŜ ŎƭŀǎǎƛŦƛŎŀǘƛƻƴ ƻŦ tǊƛƴŎŜ 9ŘǿŀǊŘ LǎƭŀƴŘΩǎ ǊƻǳƎƘƭȅ оΣолл ƪƳ ό5ŀǾƛŜǎΣ нлммύ Ŏƻŀǎǘŀƭ 

and estuarine shoreline length (coastal ς 800 km, estuarine ς нΣрлл ƪƳύ ǎƘƻǿŜŘ ǘƘŀǘ рн҈ ƻŦ ǘƘŜ LǎƭŀƴŘΩǎ 

open coasts are represented by cliffs and bluffs while 31% is sand dune. Wetlands dominate estuarine 

shorelines representing 54%, with cliffs and bluffs at 24% and low plains at 12% (Davies, 2011). The data 

collection method described in this chapter focuses primarily on coastal monitoring of cliff and bluff 

shore types, both defined as vertical, high steep banks of rock and soil faces on the shore. However, 

conclusions will be drawn on the effectiveness to monitor other representative shore types such as low 

plains, sand dunes, and wetlands.  

A recent study (Webster and Brydon, 2012) interpreted the entire coastline of PEI at metre increments 

using orthorectified aerial photos from 1968 and 2010 datasets. The resulting distance measurements 

were calculated as a rate of change in metres per year. Over this 42 year period, an average rate of 

coastal change of -0.28 m/year was calculated, the negative rate representing erosion. This approach to 

coastal change monitoring provides a good baseline; however, quantifying annual coastal change 

through a comprehensive field measurement method aims to better understand the year-to-year 

processes leading to coastal erosion. Note that the province acquires orthophotos every decade (PEI 

{ǘŀǘŜ ƻŦ ǘƘŜ CƻǊŜǎǘ wŜǇƻǊǘΣ нлмлύΦ ¢ƘŜǊŜŦƻǊŜΣ ŜǊƻǎƛƻƴ ǊŀǘŜǎ Ŏŀƴ ŦƛǊǎǘ ōŜ ǳǇŘŀǘŜŘ ǳǎƛƴƎ ²ŜōǎǘŜǊΩǎ ƳŜǘƘƻŘ 

in 2020 should this approach be chosen. This chapter will provide the framework for continuous 

monitoring of coastal sites to present reliable estimates of coastal erosion in cliff and bluff environments 

and highlight areas sensitive to coastal erosion.  

Generally, measuring cliff or bluff erosion rates can be categorized into 4 different methods with varying 

degrees of accuracy, expense, and expertise required. These methods include: oblique and vertical aerial 
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photography (Dolan et al., 1991, Wray et al., 1995, Forbes et al, 2002, Webster, 2012); airborne laser 

scanning (Forbes et al, 2004, Mitasova et al, 2003, Day et al, 2013 ); cartographic measurements using 

historical maps (Gray, 1988, Camfield and Morang, 1996, Addo et al, 2008); and direct field 

measurements (Amin and Davidson-Arnott, 1995, Gulyaev and Buckeridge, 2003, Day et al, 2012, Irvine, 

2014, Baptista et al, 2008). Direct field measurements can include profiling techniques, repeated 

surveys, or, in the case of this study, cliff and bluff top edge pin measurements. A coastal edge pinning 

method was first implemented on Prince Edward Island in 1984 by the Prince Edward Island Department 

of Community and Cultural Affairs Marine Environment Section over concerns of the rates of coastal 

erosion and the impact of sand mining on these rates. Original field books and site logs were obtained 

and digitized in 2014. The original study consisted of 50 measuring locations - 15 in Kings County, 26 in 

Queens County, and 9 in Prince County ς which form the basis of this thesis work both in locations and 

methodology. During the field season of 2014, original log books and methods were used to re-measure 

all sites where pins could be found. Thirty-four measurements of historical measuring locations were 

made that correspond to an average annual rate of erosion of 0.40 m/year at those locations from 1984 

to 1996. Improvements to the historical methodology were made through the establishment of 16 new 

sites and 40 measuring locations at the end of the 2014 field season. Although there have been 

significant improvements made in global positioning system (GPS) technology since the original method 

was developed, and use of the technology is standard in terrestrial monitoring methods of the 

environment (Baptista et al, 2008, Harley et al, 2011, Ollerhead et al, 2013, Irvine, 2014), the spirit of the 

simple low cost, low technology original method was maintained throughout this study.  

Coastal variability and erosion-accretion trend analysis is essential across coastal disciples including 

scientists, engineers, and managers (Boak et al, 2003). Due to the dynamic nature of the coastal 

boundary, a functional definition of the coastline is required to study any temporal change. 

Traditionally, the coastline is considered to be the water-land intersection, however, a range of coastal 
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indicators dictated by temporal and spatial scale are needed for practical purposes (Boak et al, 2003). 

Coastline identification involves the definition and selection of a coastal indicator feature, used as a 

proxy for the true coastline position (Boak et al, 2003). For the purposes of this thesis, the seaward edge 

of land along the top of a cliff or bluff is used as the coastal indicator feature. The figure below 

demonstrates a range ƻŦ ǇƻǎǎƛōƭŜ ƛƴŘƛŎŀǘƻǊ ŦŜŀǘǳǊŜǎ ǿƘŜǊŜ ά!έ ƛǎ ǘƘŜ Ŏƻŀǎǘŀƭ ƛƴŘƛŎŀǘƻǊ ǳǎŜŘ ƛƴ ǘƘƛǎ ǎǘǳŘȅΦ 

 

Figure 1: Range of commonly used shoreline indictor features for a cliff or bluff coastal 
environment. Consistent definition of the coastline through use of a coastal indicator feature is 
necessary for reliability in change detection. Figure taken from Boak et al, 2003. 
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Figure 2: Cliff top slumping seen at Thunder Cove, PE study site. 

Figure 2 above demonstrates common representative cliff top slumping at Thunder Cove, PE. A major 

source of uncertainty arises from the interpretation of the coastal indicator feature and whether to 

include slumping in the measurement. Therefore, the methods outlined in this study attempt to provide 

a clear and consistent approach for reducing edge errors.    
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Gulyaev and Buckeridge (2004) describe the difficulties in specifying the exact edge of a cliff 

environment in a paper on terrestrial methods for monitoring cliff erosion. Uncertainties exist using 

airborne photography, and laser scanning as well as terrestrial methods including those used in this 

study. 

 

Figure 3: Illustration of potential cliff edge definition issues. Scenarios A and C are common 
issues for terrestrial peg line measurements. Scenario A demonstrates sloping of the cliff edge 
where scenario C demonstrates slumping or overhanging of a cliff edge. Scenario B 
demonstrates and edge definition issue when using airborne photography. Figure taken from 
Gulyaev and Buckeridge, 2004. 

 

2.2 Methods 

2.2.1 Field Methodology 

A wide array of techniques can be applied to measure coastal geomorphology. Methods can range from 

low-cost repeated measurement of pins or peg-lines to more advanced terrestrial or airborne 

measurements. The former was utilized throughout this study to quantify rates of erosion at 74 peg-line 

measuring locations across Prince Edward Island. Log books from the historical coastal erosion 

monitoring program established in 1984 and managed by the Department of Community and Cultural 
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Affairs Marine Environment Section indicate a version of a cliff top pin measuring protocol was 

implemented. Digitization of the log books during the 2014 field season was followed by the re-

measurement of 34 of the 50 original measuring locations. In some cases, measurements had not been 

taken for 20 years and pin locations were either lost to erosion or overgrown by thick vegetation and 

could not be located. Also, the historic monitoring program did not always use pins as a reference. It 

was common for measurements to be taken from existing structures like the corner of a lighthouse, 

cottage deck, or monument and then simply άin the direction perpendicular to the shorelineέΦ CƻǊ ǘƘƛǎ 

reason it was determined that improvements to the methodology had to be made as monument 

reference points could be altered. Prince Edward Island has a long history of moving lighthouses back 

from an eroding shore, or property owners might install a new cottage deck or construct some repairs 

over a period of time. Because large intervals of time are needed to estimate coastal erosion with 

significant confidence, according to Gulyaev and Buckeridge (2003), the variability in reference points 

needed to be addressed and improved. Below is a sample log sheet describing a site measured from a 

ǎǘǊǳŎǘǳǊŜ ǘƘŀǘ ƛǎ ǎǳōƧŜŎǘ ǘƻ ƳƻǾŜ ŀƴŘ ŘƛǊŜŎǘƛƻƴ ƻŦ ǘƘŜ ƳŜŀǎǳǊŜƳŜƴǘ ǘƻ ōŜ ǘŀƪŜƴΣ άǇŜǊǇŜƴŘƛŎǳƭŀǊ ǘƻ ǘƘŜ 

shorelineέΦ  
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Figure 4:  Historic monitoring program log sheet at Naufrage, PE. The notes indicate the 
measurement to be taken from the north east corner of a lighthouse. Measurement line is 
unclear and if the lighthouse is moved the measurement reference point will be lost.  
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άtŜǊǇŜƴŘƛŎǳƭŀǊ ǘƻ the shorelineέ ǇǊƻǾŜŘ ǘƻ ōŜ ǘƻƻ ǾŀƎǳŜ ŦƻǊ ŀŎŎǳǊŀǘŜ ŀƴƴǳŀƭ ƳŜŀǎǳǊŜƳŜƴǘǎ ŀǎ ƛǘ ǊŜƭƛŜŘ 

too much on the interpretation of the field crew to determine the angle of measurement without 

sufficient reference points. The angle at which the measurement is taken will affect the distance value 

of the measurement and can result in different locations being measured over time; therefore, a new 

approach to measurement direction is required. As a result of the lessons learned during the 2014 

historical erosion monitoring program resurrection, an improved peg-line methodology was developed 

that sought to simplify the protocol, reduce error, limit impact on study sites, and eliminate 

measurements from structures that could be potentially moved, increasing the longevity of the 

program. 

In practice, the approach involves physically hammering two roughly 1 metre (m) lengths of 15 

millimetre (mm) diameter ƳŜǘŀƭ ǊŜōŀǊ άǇƛƴǎέ ƛƴǘƻ ǘƘŜ ƎǊƻǳƴŘ ƛƴ ŀ ƭƛƴŜ ǎǇŀŎŜŘ мл Ƴ ŀƴŘ нл Ƴ ǊƻǳƎƘƭȅ 

normal to the coast and manually taking a measurement to the coastal indicator feature using a 

measuring tape. The improved method begins with a site assessment identifying access, human activity 

nearby, and any vegetation that may impede with accurate measurements. A new study site typically 

has three measurement locations spaced evenly along the coastline of the study site. This is to increase 

the amount of data points and get a better overall picture of coastal erosion at any given site. It is 

possible for no change to occur at one set of stakes compared to a loss at another set of stakes metres 

away. Generally, two sets of stakes will be established along the apparent property lines normal to the 

coast with the third set established roughly in the middle of the property lines. This number of 

measurement locations is believed to be the least invasive approach to property owners while still 

providing sufficient data points.  
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Figure 5: A typical distribution of measuring locations at a newly established site. Points 
represent the set of pins from which the measurement is taken. Study site ς North Lake, PE.  

 

 

At each measurement location, the metal rebar pins are driven into the ground using a metal mallet at 

10 and 20 m intervals perpendicular to the coastline. The methodology allows for some flexibility in the 

placement of the pins based on ŀ ǎƛǘŜΩǎ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ ǿƘƛŎƘ ƛǎ determined during the site assessment. 

Measurements are taken, using a 100 m measuring tape, from the front stake (10 m) where the back 

stake (20 m) is used to line up with the front stake to ensure the same measurement line is used each 

time (Irvine, 2015). The metal rebar is either pounded flush with the ground or left raised based on the 

site assessment. Often property lines contain overgrown vegetation and the pins need to be left raised 
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in order to find them and to create a straight line with the measuring tape over the low vegetation. 

Metal caps, see Figure 6, are hammered on the ends of the rebar using a rubber mallet just before the 

desired depth is achieved. Following installation, a final measurement is taken to eliminate any errors 

that may have occurred during installation. Measurement is taken from the center of a cap. 

Measurements are recorded in a log book along with a cliff height estimate. The ǎƛǘŜΩǎ ƎŜƻƭƻƎȅ ŀƴŘ 

characteristics are described and pictures of the study site are taken for reference.   

 

CƛƎǳǊŜ сΥ ά¦t9L /ƭƛƳŀǘŜ wŜǎŜŀǊŎƘ [ŀōέ ƳŜǘŀƭ ǊŜōŀǊ ŎŀǇǎΦ  

Global positioning system (GPS) locations of each stake are taken using a Garmin eTrex recreation grade 

GPS for general site mapping and locating stakes year-to-year. The accuracy of this unit does not allow 

for any direct measurements to be taken, however, it is common (Boak et al, 2005, Ollerhead and 

Davidson-Arnott, 2012, Irvine, 2014) to see peg-lines measured using professional grade GPS which 

would improve mapping accuracies and reduce errors. Professional grade GPS would instantly increase 

project startup cost significantly as well as ongoing costs and expertise required (Boak et al, 2005, 
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Hawkins, 2009). A typical centimetre grade RTK-GPS can cost upwards of $20,000+ plus another 

$20,000+ for a base station or alternatively a subscription to a network based correction service for 

$1,200/year. In keeping with the tradition of the historical monitoring program, the use of expensive 

technology was not included in this aspect of the study.  

At each historical study site, only one measurement location had ever existed. The improved 

methodology requires multiple peg-line measurements to be taken at each study site to get a better 

representation of erosion along a stretch of coastline. After measuring all historical sites possible and 

developing an improved methodology, 40 new measuring locations were installed at the end of the 

2014 field season at 16 study sites. During site selection, there was a focus on filling gaps in the program 

ǘƻ ƎŜǘ ŀ ōŜǘǘŜǊ ŘƛǎǘǊƛōǳǘƛƻƴ ƻŦ t9LΩǎ cliff and bluff coastal environments.  Ultimately, site establishment 

rested on land owner permissions. As a result, many new locations were set up on land owned by the 

Nature Conservancy of Canada, Provincial Parks, or local residents with an expressed interest in the 

monitoring program.  During the 2015 field season, measurements were taken at all 74 new and 

operational historic sites. At this time new measuring locations were installed at historical sites 

according to the improved methodology for a uniform monitoring program moving forward. Fifteen (15) 

new sites were also added to the program consisting of 24 measuring locations during the 2015 field 

season. Following the 2015 field season, a total of 98 measuring locations exist at 50 historical and new 

study sites.  
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Time spent at each study site varies with average time spent being about 30 minutes per site. Difficulty 

finding pins or establishing new measurement locations tend to increase time at a study site. Driving 

times also vary but most sites can be visited within an hour or less driving time from Charlottetown, PE. 

Sites in the same geographic region can be visited on the same day to driving time. The western part of 

the Island can take two hours of driving from Charlottetown and is a possible reason for the lack of 

study sites in this area.  

Figure 7: Distribution of erosion monitoring sites across PEI. Red- historical sites, Blue ς sites established 
2014, Green ς sites established 2015. Significant gaps exist in monitoring sites along the western coasts 
of the Island as well as gaps along the north shore that are dominated by dunes systems and operated 
by federal authorities. 
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The focus of this studȅ ǿŀǎ ƻƴ ŎƭƛŦŦ ŀƴŘ ōƭǳŦŦ ŜƴǾƛǊƻƴƳŜƴǘǎ ŀƭƻƴƎ tǊƛƴŎŜ 9ŘǿŀǊŘ LǎƭŀƴŘΩǎ Ŏƻŀǎǘŀƭ ŀǊŜŀǎΦ 

Below is a diagram demonstrating a typical profile of this type of environment.  

 

Figure 8: Profile of a typical cliff or bluff coastal environment. Cliffs and bluffs have a definitive 
edge from which measurements can be made. Measurements are taken along the peg line to 
the cliff top edge represented above by the left extent of the horizontal green line. Image taken 
ŦǊƻƳ /ƻƭŘ ²ŀǘŜǊ /ƻƴǎǳƭǘƛƴƎΩǎ ǎƘƻǊŜƭƛƴŜ ŎƭŀǎǎƛŦƛŎŀǘƛƻƴ ƻŦ t9I.  

 

In practice, this method requires minimal expertise and training lending itself well to summer student 

work. The developed methodology calls for the measurement to be taken from the first instance of solid 

land of the cliff or bluff top edge. If there is a large overhang occurring at the edge, the measurement is 

to be taken from the point directly above the point in which the edge is no longer part of the overhang. 

This is illustrated in Figure 9.   An understanding of edge effects is needed by all crew members taking 

measurements. It can be tough and even dangerous to identify exactly how much undercutting is 

occurring. When considering these sources of error, this study has experienced uncertainties up to +/- 

0.20 m introduced mainly through human error when measuring and determining cliff edge. 
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Accuracies will depend on how much care is taken to ensure a straight measuring tape and how the cliff 

or bluff edge is interpreted. It is very typical for this type of coastline to experience overhanging or 

cracking at the edge of the cliff or bluff as seen below in Figure 9. 

 

 

Figure 9: Edge measurement location of a typical study site at North Lake, PE. This demonstrates 
that the furthest edge is not always where the measurement should be taken from. The edge, in 
this case, would not be able to support any weight and is therefore left out of the measurement.  
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The historical methodology had several sites where data was collected for other coastal types (dunes, 

wetlands) which were outside the scope of this study and were not included in final calculations. This is 

because a clear coastal indicator feature cannot be resolved using the terrestrial manual measurement 

method employed in this study. That is, a clear beginning of a dune, for example, cannot accurately be 

identified on the ground from year-to-year in many cases. Additionally, measurement of a dune system 

would require direct interaction with the sensitive environment which is discouraged on Prince Edward 

Island.  

2.2.2 Data Analysis  

A table (see Appendix A) was first created from the digitized log books. Included for each coastal 

monitoring site was the date established with subsequent dates when measurements were taken 

corresponding to distance from coastline values in metres. Global positioning system (GPS) locations, 

cliff height, field crew, and any notes taken were also included in the table. Thirty-four (34) of the 50 

historical measuring locations were measured in 2014. Data from these locations were added to a 

master table that includes all newly established measuring locations from 2014. This resulted in 74 

measuring locations for the 2015 field season. Sites established in 2015 were added to the master table 

for the following field season. From the master table, an average rate of erosion was calculated between 

2014 and 2015 field seasons based on the difference in yearly measurements.  

Dt{ ƭƻŎŀǘƛƻƴǎ ǿŜǊŜ ǳǎŜŘ ǘƻ ŎǊŜŀǘŜ ŀ Ǉƻƛƴǘ Řŀǘŀ ǎƘŀǇŜŦƛƭŜ ƻŦ ŀƭƭ ƳŜŀǎǳǊƛƴƎ ƭƻŎŀǘƛƻƴǎ ǳǎƛƴƎ !ǊŎDL{Ωǎ Ψ!ŘŘ 

·¸ 5ŀǘŀΩ ŦǳƴŎǘƛƻƴ ǘƻ ǾƛǎǳŀƭƛȊŜ ǘƘŜ ǎǇŀǘƛŀƭ ŘƛǎǘǊƛōǳǘƛƻƴΦ The distribution can be seen in Figures 7 and 11. 

Furthermore, a shapefile (Figure 10) created by Cold Water Consulting in 2010 divides Prince Edward 

Island into 17 littoral cells or coastal compartments used to describe a shoreline classification of the 

coast resulting from the influence of winds, waves, currents, and sea-level changes  - shoreline units 

within which sediment transport processes are either partially or completely contained (Davies, 2010).  
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Figure 10: t9LΩǎ мт Ŏƻŀǎǘŀƭ ŎƻƳǇŀǊǘƳŜƴǘǎ ƻǊ littoral cells based on sediment transport processes, 
providing a framework for coastal interpretation. 

 

This was overlaid with the measuring locations shapefile which allows for the separation of erosion rates 

based on littoral cell.  The spatial distribution of study sites across littoral cells can be seen below in 

CƛƎǳǊŜ ммΦ aŜŀǎǳǊƛƴƎ ƭƻŎŀǘƛƻƴǎ ǿŜǊŜ άŎƭƛǇǇŜŘέ ōȅ ǘƘŜ ƭƛǘǘƻǊŀƭ ŎŜƭƭ ōƻǳƴŘŀǊƛŜǎ ǳǎƛƴƎ ǘƘŜ !ǊŎDL{ ά/ƭƛǇέ 

geoprocessing tool. For the purpose of demonstrating a data analysis method, a sample of littoral cells 

with the most number of measuring locations was extracted. Changes measured between 2014 and 

2015 were calculated for each of these littoral cells. Erosion rates at select historical sites were 

calculated and plotted to investigate trends over time and serves to further demonstrate an analysis 

method that can be used on data collected in the future. Select sites were chosen based on consistent 

historical annual measurements.  
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The majority of measuring locations were contained within 3 littoral cells; 23 in Tryon, 19 in Malpeque, 

and 15 in Naufrage. Malpeque and Naufrage coastal compartments are located along the north shore 

while Tryon coastal compartment is located along the south shore. The Malpeque shoreline extends 

from Cape Kildare to Cape Tryon and includes the Cascumpec and Malpeque estuaries. Naufrage 

extends east from Cable head to East Point. Tryon extends west from Rice Point to Seacow Head 

(Davies, 2010). 

 

Figure 11: Distribution of historical and new sites in relation to coastal compartments. Historical study 
sites fall mainly within three coastal compartments (highlighted) with additional sites being added to 
these three coastal compartments in 2014 and 2015. Ongoing efforts will distribute new study sites 
across all coastal compartments. 
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2.3 Results and Discussion 

The average total difference, corresponding to erosion, in measurements taken at 74 cliff-top measuring 

locations across Prince Edward Island between the 2014 and 2015 field seasons was 0.46 m. Of these 

locations, 14 experienced little to no change (< 0.5 m), 9 experienced greater than 1 m of erosion, and 4 

experienced a loss of over 2 m. The largest loss observed was 2.69 m at the Wood Islands Lighthouse, 

pictured below. Note: For simplicity, the number of days between measurements was not considered 

opting for an annual rate with the intention that this method is to be applied over longer periods. 

 

Figure 12: Image taken at the Woods Island Lighthouse monitoring site where the greatest single 
erosion rate was observed over the 2014-15 field seasons. 


