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Abstract

Small islands and coastal areas are threatened by the negative impacts of climate chadgeelSese,
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, smallsisland
and coastal communities are often considereddck the capacity to properly anticipate and adapt to a
quickly changing climate. Proper coastal adaptation requires a number of key oemtpoincluding
data collection,monitoring and evaluation. This thesis sougtat evaluatetwo methodologies of data
collection and monitoring on Prince Edward Island, Canada low cost methodising errestrial peg

line measurementand two, the use of low altitude small Unmanned Aerial Vehiddéwvs)to create

high resolution orthomosaics and digital surface modefscoastal assessmenConsiderations of cost,
agility and accuracyof the research methods are made throughout the thesis wath intended
application to a longerm monitoring program that can be adopted by other small island and coastal
communities aound 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 Sediocl984 but abandoned
several years later in the early 1990s. This thesis investigated this method threugdasirement and

study of old log books and revealegveral inadequacies. Improvements to the historical monitoring
method are made through theesurrection and establishment of &tosionmeasuring 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 mawitigle lagest loss of 2.69 m.

This method is limited by the type of data collection but provides a good starting point for coastal
communities withlimited knowledge and expertise in the figld begin understanding and quantifying

coastal change.



Recent developmas in Unmaned Aerial Vehicle technology haved to a widespread interest in
using the technology across many industries and fields of study. A major advantage of usgig UAV
their ability to efficiently collect high resolution orthomosaics and elmraimodels at a fine temporal
scale for coastal assessments. This thesis utilized two UAV systenssuay site in North Lake, Prince
Edward Island, Canada fixed wing system by PrecisionHawk, and a quadcopter by 3DRobatids
conducted a comparate analysis to determine the best platform for the application to coastal data
collection and monitorig. Results found consisteniipproved performance of the quadcopter versus
the fixed wing, including accuracy, a lower upfront cost, and the abilipetform to expectation in high
sustained winds. Some results include an image marker to ground control point differenc® of €t

the fixed wing and 0.03 m for the quadcopter. The quadcopter showed better results when comparing
elevations to a surveyrgde 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 difbluff environment using U¥ technologythat can

be monitored to detect annual change. The ability of §#/costeffectively andaccuratelyproduce

data rich products leads to the conclusion that the technology provides a realistic alternative to
traditional monitoring methods andhas great implications for the adoption to monitor coastal

environments of small islasénd coastal communities.
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Chapter 1
1.1 Introduction

Coastal areas and small istis are vulnerable to the humanduced effects of climate changen |
particular, sedevel rise is expected tthreaten infrastructure, settlerants and facilities that support

the livelihood of coastal communities through exacerbated inundation, storm surge, erosion, and other
coastal lazards (Nurset al, 2014). The Fifth Assessment Reg@®R5 of the IPCC (Intergovernmental
Panel on Climate @hge), the leading authority on climate change, contains a chapter on the challenges
faced by small islands due to climate changaréeet al, 2014). The IPCC report notes that settlements

and infrastructure are mostly located in coastal areas of snlatds 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 ee alsoconsidered to be at risk (Nurse al, 2014.

The intentionof this thesis was to investigate alternatives to common data collection methods in coastal
areas byassessingwo methods- a conventional(peg line)and emerging(lUAV) onedor characteizing

coastal morphology and change. The purpo$énvestigating 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 thisrk 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 capabilitiesindera changing climate.

This thesis focuses on Prince Edward Island, Gared island province similar to themall islands
described in thdPCC AR he conclusion made by thBCC AR&asfor small islands to focus urgently
on enhancing resilience and adaptatiomglementation holds true (Nurset al, 2014. An assessment of

the IPCC Technical Guidelines for coamstiptation by Klein et al (1999yoposed 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) ntonng and evaluation (Kleiet 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
collectionand 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 terrestrial measurements of coastal erosion in cliff
and bluff environments across Prince Edward Island @& 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)
ofacliffenrA NEYyYSyd f2y3 t NAYyOS 9RgIFINR LaflFIYyRQA y2NIK
the generated data and the development of a methodology for the application to long term coastal
monitoring using UAY Together this work aims to build upon prewgefforts 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 dncapacity are a major theme of this work. The methods investigated in
Chapter 2 and 3 were chosemded on the limited cost anstaff required to collect and procesdata

across many study sites.

Methods are assessed based on several criteria includingst, 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 detectingoastal 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 cast (Fenech, 2016). Accelerating relative-g2eel rise coupled with projections of increasing
storm intensity and declining winter ice cover in the southern Gulf of St. Lawrence ssiggestrease

in coastal erosion hazards (Forlatsal, 2004). Millims of dollars in damage to Haour facilities, coastal
tourism infrastructure, and damage to private homes occurred during three major storms in the
southern Gulf of St. Lawrence in 262001 through storm surge flooding, wave action, and-isearun

up (Forbeset 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 realistibility to predictshoreline bange (Forbest al, 2004).

Recent work conducted by Webster and Brydon (2012) on Prince Edward Islanidgttolystathange
examined black and white orthophotos from 1968 anmlocr orthophotos from 2010 where the
coastlinewas defined atmetre 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 usedo describe the seaward edge of land along a cliff top.

Moreover, Webster and Bdpn (2012) calculated distance of changeitgrpreting and mapping the
coastlinefrom orthophotos across multiple years. Rates of change were then calculated based on when
the orthophoto datasets were collected (Webster, 2012). A Geographic Informagsters (GIS) was
used to complete the analysis resulting in an average rate of erosion of 0.28 nhgwezen 1968 and

2010 Direction of coastline change determined erosion amctretion of the coastline and were
included in the above calculationn@malows areas defined as areasth rates higher than +/3 m per

year were not included in the final tally (Webster and Brydon, 2012). This study providadtarical

13



rate of change that is now used by provincial government officials for coastal managenaetitgs

such as deisionmaking regarding issuing buitgj permits, and determining sdtack regulations.
Currently,while there are exceptions to these general rul® setbackregulation for a given property
seeking a building permit shall be no clogban 75 feet or 60 times the annual rate of erosion,
whichever is greater, to a beach, measured from the top of the bank (PlanningSAttdivision and
Development Regulations)Levels of risk were generated MWebster and Brydon (2012)sing the
resuts of their study: High Risk: great than 90 cm/year; Moderate Rislg 80 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 thelteof this study by multiplying the etre
increment changdy 30, 60, and 90 year projections (Fenettal., submitted2016) which assumes a
linear progressionof historical rates of erosionThis assumption introducepotential issues and
uncertaintiesparticularly 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 beaaube topography. These inconsistencies
present an opportunity foimproveddata collection methodshat can lead to better decisiemaking.
Additionally, povincewide orthophotos are captured by the Department of Forestry every 10 years for
updating theprovincial forest inventory and use across departments (PE| Statfeedforest Report,
2010). Thigime scalelacks the ability to study annual coastal change and the influeneffegts of
climate change; particularly sdavel rise and increased storseverity Annual changes are necessary to
track areas otoastal risk and vulnerability (Boakal, 2005).A supplementary ageach at a finer time

scale canmprove the ability to manage the coastal zone.

Additional work for monitoring and resolving ate of coastal change on Prince Edward Island was
a0FNISR 08 tNAYOS 9RgINR LaflyRQa 5SLI NGYSyYyd 27F
Section in 1984. This method involved taking annual terrestrial measurements using a measuring tape

14



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 ¥vd®90s at which point the coastal change

monitoring program was mostly abandoned 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 seeati@ dr
increase in use for studying the environment (Whitehesdal, 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 ndtited to aircraft, ground control station, data link,

and sensor.) sUABovide researchers with a relatively low cost t¢®#,000- $40,000that enableghe
collection of high resolution airborne spatial data at many temporal scales. Previous$igrectified

aerial images or digital elevation models (DEM) wgemnerated using dataaptured using either
manned aircraft or satellites. Compromises of cost, spatial scale, and temporal scale were something
researchers neededo work around. Improved imagmatching algorithms, battery technology and
design, and automated mission control software has enatilecpotential forsUAS to become a reliable
alternative to traditional spatial data collection methods. UAV have been applied for research to mining
(for example, Lejeuneet al, 2013), forestry for example,Immerzeelet al, 2014), animal pattern
movements for example,Zmarz, 2014), and glacier dynamiésr (example,Tonget al, 2015) with
several papers focused on assessing #oeuracy of photogrammetally-derived elevation models
(Douterloigneet al, 2010, Harwirand Lucieer2012, Hugenholtet al, 2013). Additionally, application of
sUASGo river channels andoastal environments has been studied by Flesteal. (2013) and Manciret

al.(2013).
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Feneret al. (2013)used UAYV technologyoupledwith terrestrialmobile 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 imagbéased bathymetric model dhe river bed and photogrammetricallyerived

point cloud of the study site (Flenet al, 2013).Terrestrial nobile 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 (Fleneat al, 2013). GCP (Ground Control Psjnvere used to validate the sUA&a

and resulted in under 10 cm spatial and elevatioroes. 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 cAdnsetudy
concludeghat a UAVonly approach may be preferred combining photogrammetry point clouds for dry

areas and bathymetric modelling for inundated areas (Flened, 2013).

Manciniet. al.employed the use of sUASr a beach dune system in Marina di Ravenna, Italyhay
sought a rapid, inexpensive, and automated method for producing a dense point cloud and subsequent
DSM (Digital Surface Model) (Mancet al, 2013). Comparison of the data to a Terrestrial Laser
Scanning (TLS) survey and GNSS (Global Navigat@liteS8lystem) survey was used for validation.
Results of the vertical comparison showed véitiel difference between the sUASd TLS DSM (0.015

m) suggestinghe vertical accuracy of the sUAlataset is comparable to the industry accepted TLS
(Manciniet al, 2013). Eighteen ground control points were used for the-¢@pter survey of a 200 m

wide dune system. Mancimt al.concludes that thesUASwvorkflow provides a promising alternative to
expensive, time consuming data collection methods for derild@g in dune environments. Mancini et

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

different geomorphic emironments is required2013).
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Chapter 2

Terrestrial peg line measurements for monitay coastal erosionfaliff and bluff environmentsn
Prince Edward Island, Canada

Authors: Clark, AA. FenechA. MacDonald and S. Bray

Target Journal: Ocean and Coastal ManageroeBnvironmental Monitoring and Assessment
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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 changn the Island include increased storm severity
and frequency, and selavel riseleading to anincreasein the vulnerability of coastal infrastructure. A
sharp increase in sdavel rise after 2004 at Charlottetown, PE affirmssheoncerns. As a resulthere

exists a need to consistently monitor and quantify coastal change across the province on an annual
basis. Theobjective of the work outlined in this chapter was toollect coastal change data along the
LINE GAy OSQa Of ATT | \s#rapplicdi®rifto ad anhualimoriitorirk) yridgkaliosdef S y
to do this, a low cost, low témologymethod was employed aneasuring locations across the Island.

The terrestrial peg line measuring method is based on an historical erosion monitoring program
establishedand runby the Department of Community and Cultural Affairs Marine Environment Section

in 1984 until the early 1990s. Historical study sites wereneasured during the 2014 summer field
season whex possible using the methodsutlined in the historical field notes. Improvements were
made to the method to improve accuracy and sustainability of the program and constitute the
beginning of a new erosion monitoring program acrésice Edwardsland. Seventjour cliff top
measurement locations &re measured during the 2014 and 2015 field season resulting in an average
loss of 0.46 m. Twentfpour 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 monitorogygm continue to

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

impacts andrends of coastal change in amcertain changing climate.
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2.1 Introduction

Coastal environments are experiencing the adverse effects of climate change frdevekdse and

extreme events (Nicholland Cazenaye2010). The coast of PEI is no exception and has been identified

Fa 2yS 2F /Iyl RIQa Y2 alével dsziFfrBestlalp2D0R). Coastalzhdzardsyos a  ( 2
PEI are influenced by séavel rise, tides, storm surge, and wave action and effect,randlt in coastal

erosion, coastal flooding, and damage to coastal ecosystems (Davies, 2011). Generally, erosional
processes are dictated by wave energy, wind, surfaceoffjrand ground water flow (Irvine, 2014). The
aSyardAgride 27 attributed o a @& mainifdctbry: agild Isayidstond 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 submergene&irisla
HANTO YR NRAAY3I aSlI fS@Sta 02S0a0G4SNE HAMHO® t 9
recognized (Armorand McCann 1977, Avery2005, Webster, 2012, Forbeg al, 2002) including a

report by Forbegt. al.in 2004 that found variabilitin 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. CIliff erosion rates less
than 1 m / year (slow and persistent) to 2.5 m/year or greater (more variable) were fourtok&etral,

2004).

A 7 A

584LAGS GKS @2N)] addReéerAy3d (GKS aSyardigdade 2F tolL
program has been in place. Coastal monitoring over a range of temporal and spatial scales has been
recognized by the Intergovernmentalafel on Climate Change (IPCC) as an important aspect to
understanding the effects of climate change (Nichahsl Cazenayve2010). 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.

I 3S2Y2NLIKAO &aK2NBfAyS Ofl aaATAOFGAZ2Y 2F t NAYyOS 9
and estuarine shoreline tgyth (coastat; 800 km, estuaringH Spnn 1 Y0 &dK26SR GKIF G pw
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 plair®/&{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 sluvevét,

conclusions will be dwn 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 Pigtad increments
usingorthorectified aerial photos frm 1968 and 2010 datasets. The resulting distance measurements

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

coastal change o0.28m/year was calculated, the negative rate representimgsion.Thisapproach to

coastal change monitorg provides a good baseline; howeveuantifying annual coastal change

through a comprehensive field measurement method aims to better understandy#eeto-year

processes leading to coastal erosidwote that the provige acquires orthophotos every decade (PEI
{GFGS 2F GKS C2NBad wSLENISE HamMnuod ¢KSNBF2NBES SN
in 2020 should this approach be choseifhis chapter will provide the framework for continuous
monitoring of @astal sites to present reliable estimates of coastal erosion in cliff and bluff environments

and highlight areas sensitive to coastal erosion.

Generally, measuring clifir 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, Fodted, 2002, Webster, 201®, airborne laser
scanning (Forbest al, 2004, Mitasovaet al, 2003,Dayet al, 2013 ); cartographic measurements using
historical maps (Gray, 1988, Camfiedshd Morang 1996, Addoet al 2008); and direct field
measurements (Amiand Davidsosrnott, 1995, Gulyaeand Buckeridge2003, Dat al, 2012, Irvine,

2014, Baptiea et al, 2008). Direct field measurements can include profiling techniques, repeated
surveys, or, in the case of this study, @iffd blufftop edgepin measurements. Aoastal edgeinning
method was first implemented on Prince Edward Island in 198hdiPrince EdwardslandDepartment

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 @14. The original study consisted of 50 measuring locatidisin Kings County, 26 in
Queens County, and 9 in Prince Countyhich form the basis of this thesis work both in locations and
methodology. During the field season of 2014, original log baokmethod were used to remeasure

all sites where pins could be found. Thifour measurements of historical measuring locations were
made that correspond to an average annual rate of erosiobi4f m/year at those locations from 1984

to 1996. Improverants 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 global positioning system (GR8¢hnolog sin@ the original method

was developed, and use of the technology is standard in terrestrial monitoring methods of the
environment (Baptist&t al, 2008, Harlegt al, 2011, Ollerheaét al, 2013, Irvine, 2014), the spirit of the

simple low cost, low technogy originaimethodwas maintained throughout this study.

Coastalvariability and erosiofaccretion trend analysis is essential across coastal disciples including
scientists, engineers, and managers (Beakal 2003). Due to the dynamic nature of tlwmagal
boundary, a functional definition of thecoastline is required to study any tempal change.

Traditionally, the coastlines considered to be the watdand intersection, however, a rangd coastal
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indicators dictated by temporal and spatial scale ae®ded for practical purposes (Boekal, 2003).
Coastlineidentification involves the definition and selection ofcaastalindicator feature used as a
proxy for the true coadine position (Boalet al, 2003).For the purposes of this thesis, the seawadge
of land along the top of a cliff or bluff is used the coastal indicator featureThe figure below

demonstratesaange2 ¥ L2 d4A0f S AYRAOFG2N) FSI GdzNBa 6KSNB 4! ¢

KEY

A Bluff top/cliff top
B Base of bluff/cliff
C Landward edae of shore protection structure

Figure 1: Range of commonly used shioes indictor featuresfor a cliff or bluff coastal
environment Consistent definition of the coastline through use afoastalindicator feature is
necessary for reliability in change detection. Figaieen fromBoaket al, 2003.
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Figure 2 Cliff top slumping seen at Thunder Cove, PE study site.

Figure 2above demonstrates common representative clifpbtslumping at Thunder Cove, PE. A major
source of uncertainty arises from the interpretation of the coastal indicator feature and whether to
include $umping in the measuremenflherefore, 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 monitoringffcBrosion. Uncertainties exisising

airborne photographyand laser scanning as well as terrestrial methods includiogetlised in this

study.
cdee”! cdee? L‘\":'&"'
v . D 4
.
A/ U

{a) (b) IC)
Figure 3: lllustration of potential cliff edge dafion 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 definitioissue when using airborne photography. Figure taken from
Gulyaevand Buckeridge2004.

2.2Methods

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 opins or pedines to more advanced terrestrial or airborne
measurements. The former was utilized throughout this study to quantify rates of erosion at Aif@eg
measuring locations across Prince Edward Island. Log books from the historical coastal erosio

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 2014dfiseasonwas followed bythe 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 vegedation

could not be locatedAso, 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 simgin the direction perpendicular tohie shoreliné @ C2 NJ (G KA 3
reasonit was determined that improvements to the methodology had to be mademonument

reference points could be alteredPrince Edward Island has a long history of moving lighthouses back

from an eroding shoreor property ownersnight 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 confidenceaccording to Gulyaev and Buckeridge (20®3% variability in referencgoints

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

A0 NH2OGdzNE GKIFG Aa adzoweSOod G2 Y20S YR RANBOGAZY 2

shoreling @
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DEPARTMENT OF COMMUNITY & CULTURAL AFFAIRS

MARIME ENVIRONMENT SECTION

SHORELIME EROSION SURVEYS

LOCATION: VAL FLAE L
OBSERVATION SITE NUMBER: K-q9

DATE ESTABLISHED: 30 frof8 e

DETAILED LOCATION DESCRIPTION: T &S 3 AocareEd A7 A

A RU TR E LT L BT AT

REFERENCE DESCRIPTION: s rarcst i AS EASUEES SR FIE

[
YOARTHEGS 7 Lofwsl 075 Lt GHTIISE FHEA kR B Cud P

W FHE  Kibhass i
U.T.M. CODRDIMATES: L5 34 A TS AE 20

115444

DATE DBSERVED DISTANCE TO SHORELIME DBSERVER

oo /ot r2e’- 2" FH1L12 §fafO

2/ s FEF -2

29/05 /8¢ /2% -5

/0 (8 7 i )
26/02/8 7 /7- 3 e
a9/ lgs 114 -0 Ay Pliws
Vo 7/q¢ [14-C r) 77
/L} RYAAS Job -3 J7_ a4

3 (3499 99- 2" AT o nM

($ee attached photo)

Figure 4: Historic monitoringrogram 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 andf the lighthouse is moved the measurement reference point will be lost.
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too much on the interpretation of the field crewo determine the angle of measurementithout

sufficient reference pointsThe angle at which the measurement is taken afilect the distance value

of the measurementind can result irdifferent locatiors being measureaver time;therefore, a new

approach to measurement direction is required. As a result of the lessons learned during the 2014
historical erosion monitoringpgram resurrection, an improved pdige 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 roughlyefren(m) lengths of 15
millimetre (mm) diameterY SGF f NBOF NJ aLIAyaé Aydz2z (G4KS 3INRBdzyR Ay
normal to the coast and manually taking a measuremeatthe coastal indicator featuraising a
measuring tape. The improved method begjith a site assessment identifying access, human activity
nearby, and any vegetation that may impede with accurate measurements. A new studypsitly
hasthree measuement locations spaced evenly alorigetcoastline 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 comparedldss at another set of stakegetres

away. Generally, two sets of stakes will be established along the apparent property lines normal to the
coast with the third set established roughly inethmiddle of the property lines. This number of
measurement loations 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 theeasurement is taken. Study sitNorth Lake, PE.

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

10 and 20m intervalsperpendicular to the coastline. The methodology allows for some flexibilityein
placement of the pins baseddn & A G SQa OK I Nde®riniSadHuiing Ah® site assedsiOeiit. A &
Measurements are taken, using a 180measuring tape, from the front stake (b@d) where the back

stake (20m) is used to line up with the front dta to ensure the same measurement line is used each
time (Irvine, 2015). The metal rebar is either pounded flush with the ground or lefdré@sed on the

site assessmenOften property linecontain ovegrown vegetation and the pins need to be leftsed
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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, se&igure 6 are hammered on the ends of the rebar using a rubber mallet just before the

desired depth is achieved. Following installati@nfinal 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 estimatedThei SQa 3IS2f 2 3@

characteritics aredescribed and pictures of the study site are taken for reference.

CAIdzNB cVY altoL [/ EfAYFGS wSaSINOK [Foé YSOGFt NB

Global positioning system 3 locations of each stake are taken using a Garmin eTrex recreation grade
GPS for generalite mapping and locating stakes yearyear. The accuracy of this unit does not allow

for any direct measurements to be taken, however, it is common (Bxbaki, 2005, Ollerheadand
DavidsorArnott, 2012, Irvine, 2014) to see péiges measured using pi@ssional 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 €Bahk2005,
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Hawkins, 2009)A typical catimetre grade RTHGPS 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
$1,200/year.In keeping with the tradition of the historical monitoring program, the a$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 peline measurements to be taken at each study site to geeteb
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 sit€xuring siteselection, there was #cus onfilling gaps in the program

G2 3AS4G | 0S4 GS NJiffRAdDlifNDastazénvinmergsdltimatdlyl,. e esthlishment

rested on land ownepermissions. & a result, many new locations were set up on lamthed 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 measyg 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 maa&ement 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 hieneestern part of

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

study sites in this area.

PEI| Erosion Monitoring Program Measuring Locations

® Established 1984
& Established 2014

& Established 2015

0 25 50 Kilometres
L ] 1 1 |

Figure 7: Distribution of erosion monitoring sites across PELF Hi&drical sites, Blue sites establisad

2014, Greer 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 sgstgroperated

by federal authorities
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Below is a diagram demonstrating a typical profile of this type of environment.
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Figure 8: Profile of a typical cliff or bluff coastal environment. Cliffs and bluffs hdegniive

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
FNRBY /2fR 2F0SNJ/ 2yadzZ GAly3Qa aK2NBtAyS Oflaairt¥

In practice, his method requires minimal expertisad traininglending itself well to summer student
work. The developed methodology calls for the measurement to be taken from thénfitance of solid

land of the cliff or bluff top edge. If therés 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 9An understandingf edge effectds needed by all cxe members taking
measurements. It cabe 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 +/

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

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

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

Fdge Location &% &«

Figure 9Edge measurement location of a typical study ait&orth Lake, PHhis demonstrates
that the furthest edge is not always where the measurement should be taken from. Tleeiadg
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 ctlastaltypes (dunes,
wetlands) which wereutside the scope of this stly and were not included in final calculations. This is
because a clearoastalindicator feature cannot be resolved using the terrestrial manual measurement
method employed in this study. That is, a clear beginning of a dune, for example, cacnoatdy be
identified on the ground from yeato-yearin many casesAdditionally, 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 ppendix 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 coastlimalues inmetres. Gobal positioning systm (@S locations,

cliff height, field crew, and any notes taken were also included in the table. -fbinty(34) of the 50
historical measuring locations were measured in 2014. Data from these locations were added to a
master table that includes all ndy 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 erosiocalasated between

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

(s}

Dt{ t20FdA2ya 6SNB dzaSR (2 ONBFGS | LRAYG RIFGl

Furthermore, a shapefile (Figure 10) created by Cold Water Consulting in 2010 divides Prince Edward
Island into 17 littoral cells or coastal compartmenised to describea shoreline classification of the
coast resulting from the influence of winds, waves, currents, andlesgd changes- shoreline units

within which sediment transport processes are either partially or completely contgdDades, 2010).
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PEI Coastal Compartments

50 Kilometres

Figure 10t 9L Q& wmt1 O2 | & (littdral @B Wasdd Nédifrenf tiaiispdt lddocesses,
providing a framework for coastal intengtation.

This was overlaid with the measurirggétions shapefile which allovisr the separation of erosion rates
based on littoral cell. The spatial distributi@f study sites across littoral cells can be seen below in
CAIdz2NE wmmd aShtad2NARy3a t20FGA2ya oSNB aOf ALILISRE
geoprocessing tookor the purpose of demonstrating a data analysis mettzodample ofittoral cells

with the most rumber of measuring locationwas extracted. Changes measured between 2014 and
2015 werecalculated for each of these littoral cells. Erosion rates at select historical sites were
calculated and plottedo investigate trends over e and serves to further demonstrate an analysis

method that can be used on data collected in the futuselect sites were chosen basen consistent

historical annual measurements.
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The majority of measuringtations were contained within [&toral cels; 23 in Tryon, 19 in Malpeque,
and 15 in NaufrageMalpeque and Naufrage coastal compartments are located along the north shore
while Tryoncoastal compartment i¢ocated along the south shore. The Malpeque shoreline extends
from Cape Kildarto Cape Trgn and includes the Cascumpec and Malpeque estuaries. Naufrage
extends east from Cable head to East Poinyon extends west from Rice Point to Seacow Head

(Davies, 2010).

Distribution of Measuring Locations in PEI Coastal Compartments

@& Established 1954
&  Established 2014
©  Established 2015
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Figure 11: Distribution of historical and new sites in relation to coastal cdmpats. Historical staly
sites fall mainly within threeoastal compartmentghighlighted)with additional sites being added to
these threecoastal compartmentsn 2014 and 20150ngoing efforts will distribute new study sites
across all coastal compartmin
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2.3Results and Discussion

The average total difference, corresponding to erosion, in measurements taken at fdychfeasuring
locations across Prince Edward Island between the 2014 and 2015 field seasons was Of46ese
locations, 14 experigced little to no change (8.5m), 9 experienced greater thanmi of erosion, and 4
experienced a loss of overrd. The largest loss observed was 2t6%t the Wood Islands Lighthouse,
pictured below.Note: For simplicitythe number of days between measments was not considered

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

Figure 12: Image takeat the Woods Island Lighthouse monitoring site where the greatest single
erosion ratewas observeaverthe 201415 field seasons
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