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PROJECT SUMMARY 

 

Coastal communities are increasingly forced to 

withstand more frequent and extreme weather 

events, more climate variability, and changes in 

climate norms.  Infrastructure and property located 

in the coastal area are particularly vulnerable to 

climate change impacts such as accelerated erosion 

rates and coastal flooding caused by sea level rise and 

storm surge events.  These impacts will continue and 

will likely become more severe, threatening public 

and private infrastructure and property at great 

economic cost.  There is a need for further 

investigation into the economic impacts of climate 

change risks and adaptation options.  This report 

presents a proposed methodology for conducting 

climate change adaptation cost–benefit analyses 

(CBA) for coastal infrastructure and property over a 

50 year timeframe (2015–2064), and provides two 

Prince Edward Island based case study examples of 

the methodology in practice.  

The North Cape Coastal Drive Case Study area is 

important to the tourism industry in western PEI.  The 

case study included Jacques Cartier Provincial Park 

and Campground, segments of Route 12, and some 

private waterfront properties within the Kildare 

Capes area.  The campground has experienced 

coastal flooding in the past and coastal erosion has 

altered the landscape in this region leaving the 

Provincial Park, transportation infrastructure, and 

private properties vulnerable.  The CBA for this case 

study assessed a range of adaptation options, 

including various forms of coastline stabilization and 

planned retreat.  The results of the CBA indicated that 

the preferred solution from an economic perspective 

would be to close the campground, to accept the loss 

of the road and to use an alternate route for 

transportation in the area. As the study excluded the 

socio-cultural value of the Provincial Park and Coastal 

Drive, the results reflect an underestimate of the true 

value of these community assets. Alternatively, the 

current adaptation strategy in place within the area, 

which involves a combination of shoreline protection 

strategies was found to be the second most cost 

effective solution.  The specific nature of the analysis 

highlights the significance of indirect and often hard 

to measure impacts and the role that community 

values play in the decision making process. 

The Tracadie Harbour Case Study was primarily 

focused on the fisheries and aquaculture industries 

infrastructure, but also included transportation 

infrastructure and private properties within the 

immediate area of the Harbour.  Harbour assets and 

infrastructure were found to be particularly 

vulnerable to the impacts of sea level rise and storm 

surge events, and the access road to the Harbour will 

be susceptible to ongoing erosion if adaptation 

measures are not taken.  The CBA assessed 

adaptation options including coastline stabilization, 

rebuilding and raising infrastructure, and relocation 

of assets.  The results of the CBA indicate that the 

implementation of measures to mitigate the risks of 

coastal flooding is the most cost effective adaptation 

strategy for this area.  The analysis for Tracadie 

Harbour has led to recommendations that the CBA 

methodology would be appropriate for sector-

specific analyses, where the feasibility of adaptation 

of multiple sites of the same sector (i.e. small craft 

harbours) could be compared.  

The CBA results for each of the two case studies 

provided a basis for comparison between competing 

adaptation options and provided an opportunity to 

assess the economic value of projected impacts of 

erosion and coastal flooding on physical 

infrastructure.  The methodology highlighted the 

significance of indirect impacts, such as socio-cultural 

variables that are inevitably also impacted by 

infrastructure vulnerability.  These indirect variables 

– which are often difficult to measure quantitatively 

– play a significant role in local decision making and 

policy development.
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INTRODUCTION 

 

 

While climate change and its impacts have been 

studied for some time, work on analyzing the 

vulnerability of communities to such impacts, 

identifying suitable adaptation options and 

calculating the economics of damage resulting from 

climate change has only recently begun.  There is a 

need for economic analysis to be extended to include 

the costs and benefits of adaptation options. 

The Economics Working Group of Natural Resources 

Canada’s Climate Change Adaptation Plenary 

Platform aims to create economic knowledge and 

tools that help decision makers in both the private 

and public sectors across Canada make better 

adaptation investment choices and policy decisions.  

The regions of analysis were: 1) Atlantic Provinces, 2) 

Great-Lakes–St. Lawrence Seaway, and 3) coastal 

areas in Quebec.  Collectively, these projects aimed 

to enhance the understanding of the regional and 

sector-specific economic impacts and to generate 

knowledge of the relative costs and benefits of 

potential adaptation measures.   

In the Atlantic Provinces, the types of infrastructure 

and property affected by climate change impacts are 

numerous and diverse.  To allow for robust analysis, 

six case study sites were selected across the Atlantic 

Provinces based on a narrowed focus of 

infrastructure and economic sectors including 

transportation, trade, oil and gas industry, fisheries 

and tourism. The projected climate change impacts 

identified within the specific case study areas 

dictated the adaptation options that could be 

evaluated in each case.  Options included doing 

nothing, abandonment, accommodation, protection, 

coastline stabilization and planned retreat or 

relocation. 

This report provides a summary of the over-arching 

regional study (“Comparing the Costs and Benefits of 

Climate Change Adaptation in Atlantic Canada” by 

Parnham and Arnold, 2015), and the results of the 

two case studies based in Prince Edward Island. The 

methodology for conducting a cost–benefit analysis 

(CBA) as a tool to evaluate the strengths and 

weaknesses of various coastal adaptation options is 

critically examined.  This information is intended to 

guide decision makers with regards to adaptation 

options within the case study areas, and to allow a 

transfer of knowledge of the CBA methodology to 

other areas in the province experiencing similar 

impacts.  

CLIMATE CHANGE PROJECTIONS 
Climate change can be observed through various 

indicators: crustal subsidence, sea level rise, air and 

ocean-temperature increase, increased occurrence 

of extreme weather events, etc.  Their impacts are 

equally varied, ranging from changes in wind patterns 

to ocean acidification.  The case studies across 

Atlantic Canada focused on the impacts of crustal 

subsidence, sea level rise, and storm surge.  In Prince 

Edward Island the ongoing process of erosion is 

expected to have a significant impact on coastal 

infrastructure and was also included in the analysis. 

COASTAL FLOODING  

The Department of Fisheries and Oceans provided 

the data on the projections of sea-level rise for the 

case study locations based on the RCP8.5 emissions 

scenario (Church et al., 2013).  Scenarios are used for 

climate change projections to provide a range of 

possible outcomes that differ depending on how 

society responds to climate change policies in the 

future.  In comparison to other scenarios, RCP8.5 
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projects the highest rate of greenhouse gas (GHG) 

emissions in the future in the absence of climate 

change policies (Riahi et al., 2011).  As emissions are 

currently tracking above the RCP8.5 scenario, it is 

considered the most probable (Sanford et al., 2014). 

In addition to the impacts of sea level rise, coastal 

areas are vulnerable to further flooding as a result of 

storm surge events.  The return period of a storm 

surge is based on the frequency of a high water level 

occurring in a set number of years.  For the PEI case 

studies, the return periods of the annual maximum 

water levels (i.e., storm tides) for 10, 25, 50 and 100 

years were estimated using nearest-neighbour 

interpolation and using combined results of Webtide 

and Bernier and Thompson (2006).  The sea level rise 

and storm surge projections included effects of 

fingerprinting, glacial isostatic adjustment (GIA), ice 

melting, and steric and dynamic change (Zhai et al., 

2014).  

The projections indicate that the sea level on the 

north shore of PEI is expected to rise approximately 

0.25 m by 2070.  For the purpose of the project, the 

return period for high water levels was assumed to 

be consistent with present rates of return, however 

due to the rising sea level current storm surge events 

with a 100-year return period will be equivalent in 

elevation to the storm surge events with a 10-year 

return period by as early as 2045 (See Figure 1).  

Generally speaking this means that the highest water 

levels that could occur today will occur much more 

frequently in the future. 

.

FIGURE 1 PROJECTED HIGH WATER LEVELS DURING STORM SURGE EVENTS FOR THE PEI CASE STUDY SITES FOR 2010, 2040, 2060 AND 

2070. (BERNIER & THOMPSON, 2006)

In order to determine the extent of land area 

susceptible to coastal flooding based on a particular 

water level, high resolution topographic data is 

required (i.e., LiDAR).  The LiDAR elevation data for 

the case studies has a 1.5 m resolution, thus resulting 

in flood layers that were produced at the same 

resolution.  The generated flood layers were based in 

increments of 0.1 m in elevation based on the 

calculated high water level projections (Macdonald 

and Webster, 2015).  Flood layers were generated 

using a tool that raises flood waters on a flat plane, 

referred to as a ‘still water’ or a ‘bath-tub model’, for 

inundating low areas that are hydraulically connected 

to the coast, as described in Webster et al. (2012).  

This method excludes additional coastal flooding 

resulting from wave run-up.   
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Flood risk map layers were produced for each of the 

flood projections, for the years 2010, 2040, 2060 and 

2070; and for storm tide return periods of 1-in-10, 1-

in-25, 1-in-50 and 1-in-100 events.  Geomatics 

consultants used the flood layers to produce an 

inventory of inundated infrastructure and buildings 

within the case study areas, including lengths of 

transportation infrastructure (i.e., roads and utilities) 

and building footprints.  The depths of flood 

inundation were also determined for each variable 

impacted (Macdonald and Webster, 2015 

COASTAL EROSION  

The historical erosion and accretion rates for every 

metre of PEI’s coastline were available from a 

previous study by GeoNet Technologies Inc (2011). 

The historical erosion rates were used to advance the 

coastline landward (for erosion) and seaward (for 

accretion) to establish a projected coastline for each 

decade within the study period.  The projected 

coastlines did not account for any existing shoreline 

stabilization or armouring within the case study 

areas.  As well, the rate of change was linear and 

assumed that the rate of change in the future would 

be consistent with historical rates.  As was done with 

the coastal flooding projections, an inventory of the 

infrastructure and buildings that were impacted by 

the receding coastline was generated.  In addition, 

the change in land area of individual properties was 

also calculated.  The land area was required to assess 

the decrease in property values related to planning 

regulations that determine if a property is suitable for 

development.  (Macdonald and Webster, 2015) 

COST–BENEFIT ANALYSIS 

METHODOLOGY 
Often used by governments and businesses, cost–

benefit analysis (CBA) is a systematic tool used to 

evaluate the strengths and weaknesses of various 

decisions or policies.  The two main goals of CBA are 

to determine the feasibility of different options, and 

to provide a common basis for comparison between 

competing options.   

To evaluate climate change related scenarios, special 

consideration is needed to address the estimation of 

the costs of projected damages.  In the present study, 

costs were determined for each of the years for 

which climate change projections were made 

available (2010, 2040, 2060 and 2070), and for each 

year it was based on four (4) storm surge projections 

(1-in-10, 1-in-25, 1-in-50 and 1-in-100 year events); 

for a total of sixteen (16) scenarios.  By definition, a 

return period indicates the likelihood or probability 

that a storm surge elevation will be reached in a given 

year.  By using the probabilities of each storm surge 

event and the estimated damage cost of the event, 

the annual expected damages can be determined.  

For example, if a 1-in-100 year event, which occurs 

every year with a 1% probability on average, is 

estimated to cause $1,000,000 in damage, than the 

annual expected damages for this event in a single 

year is $10,000.  Therefore, the sum of the expected 

damages for each type of infrastructure under each 

of the storm surge scenarios was determined for four 

specific years (2010, 2040, 2060 and 2070).  These 

values were annualized and interpolated to 

determine an expected cost of climate change for 

each year within the project’s scope (2015–2064).  

Finally, the sum of the annual expected costs 

provides a total cost of climate change for the case 

study area, for use in the CBA (Withey and 

Rosborough, 2015). 

The total cost of climate change without adaptation 

(i.e., doing nothing and accepting the loss, or 

continuing to repair infrastructure to its previous 

state) is equivalent to the maximum potential 

benefits of adaptation.  Benefits include both direct 

and indirect variables at risk (Withey and 

Rosborough, 2015).  Direct benefits include the value 

of the land, buildings and infrastructure that are at 

risk of being lost, and that would be protected or 

saved from damages if adaptation options were 

implemented.  More specifically for the PE case study 

sites, the direct variables included buildings, 

properties, wharfs, transportation infrastructure, and 

utility lines.  

Indirect benefits include spillover impacts such as a 

disruption in service that otherwise depends on the 

direct variables.  In the evaluation of the CBA results 

difficult-to-measure impacts such as public safety 

and environmental services are discussed as indirect 

variables that are also expected to be impacted by 

climate change.  
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For each case study, combinations of different 

adaptation options were assessed together as a 

scenario for adaptation for the whole case study 

region.  The CBA results are presented as two values 

calculated for each adaptation scenario considered: 

the net present value (NPV) and the benefit-cost-ratio 

(BCR).  The NPV in this case is the net benefits of 

choosing adaptation relative to doing nothing.  An 

adaptation scenario is considered profitable if the 

NPV is positive, meaning the benefits over time are 

worth more than the costs over time to implement 

the scenario. When comparing scenarios, the highest 

NPV is considered the most profitable.  The benefit-

cost ratio (BCR) provides information on the most 

cost-effective strategy for society as a whole and 

corresponds to the best “bang-for-buck” solution.  

The BCR is considered cost-effective if it is greater 

than one.  When comparing different scenarios, the 

highest BCR is considered the most desirable.  

(Withey and Rosborough, 2015) 

The main strength of CBA is the simplicity of the 

common measurements of NPV and BCR for 

comparison for policy guidance on the feasibility of 

different scenarios under consideration. However 

decision makers should be aware of the difference 

between the two values.  The NPV captures the 

monetary difference between the costs and benefits, 

where the BCR provides a ratio of the benefits over 

the costs.  The BCR alone can cause confusion and 

would be insufficient information because it ignores 

the overall monetary value of the costs associated 

with the scenario.  By providing both results decision 

makers have better information with which to make 

their final decision.  

For more detailed information on the CBA 

methodology and calculations, refer to Withey and 

Rosborough (2015). 

PROJECT ASSUMPTIONS 
The following table provides an outline of the 

inclusions and exclusions, and assumptions on data 

limitations that were made in the two CBA case 

studies in Prince Edward Island. 

 

TABLE 1 COST– BENEFIT ANALYSIS PROJECT ASSUMPTIONS FOR NORTH CAPE COASTAL DRIVE AND TRACADIE HARBOUR CASE STUDIES.. 

 Inclusions: Exclusions 

Climate 
Change 
Projections 

Sea level rise based on RCP8.5 

Storm tide return periods of     1-in-10, 1-in-25, 1-in-50 
and     1-in-100 

Potential for increased frequency and/or intensity of 
extreme storm tide events. 

Impact 
Analysis 

Coastal flooding based on annual maximum water 
levels 

Coastal erosion based on historic erosion rates 
assuming a  linear progression rather than episodic 
erosion 

Wave run-up 

Inland/overland flooding 

Precipitation 

Heavy winds 

Potential increased rates of erosion due to reduced 
sea ice cover. 

Costs of 
Climate 
Change 
(Damages) 

Time period 2015-2064  

Values in 2012 dollars with a 4% discount rate 

Assumes a status quo for economic and population 
growth 

 

Costs of climate change past 2064 

Indirect socio-cultural costs of climate change 

Indirect environmental costs of climate change 

Depreciation of existing assets and infrastructure 

Adaptation 
Options 

One time installation costs (unless otherwise stated) 

Implementation of option and construction occurs in 
2015 

General maintenance and repair costs 

Replacement costs  

(unless otherwise stated) 

Costs to upgrade adaptation option to address risks 
beyond 2064. 

Indirect socio-cultural costs of adaptation options 

Indirect environmental costs of adaptation options 
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NORTH CAPE COASTAL DRIVE 

CASE STUDY 
 

INTRODUCTION AND SITE 

DESCRIPTION 
The tourism industry in Prince Edward Island is valued 

at $388 million per year and coastal touring is a key 

element of PEI’s tourism product (Tourism Advisory 

Council of PEI, 2013).  North Cape Coastal Drive is one 

of three scenic coastal drives that have been 

developed and marketed across the Island.  It 

highlights western PEI’s stunning coastline and 

provides access to local beaches, seasonal 

residences, and communities.  

The North Cape Coastal Drive Case Study area is more 

commonly referred to as Kildare (south) and Kildare 

Capes (north).  It includes segments of the Coastal 

Drive (Route 12) and other secondary roads; Jacques 

Cartier Provincial Park and Campground; and, 

approximately 7.5 km of sandstone cliff coastline and 

the adjacent private properties (See Figure 2).  Kildare 

Capes is a rural unincorporated area that falls within 

provincial jurisdiction for planning and development 

regulations.  The majority of the developed 

waterfront properties are seasonal cottages, 

occupied by PEI residents or tourists.  Many of the 

secondary roads are seasonal, and provide limited 

access in winter months. 

 

 

 

FIGURE 2 NORTH CAPE COASTAL DRIVE CASE STUDY LIMITS AND 

AREA OF INTEREST.  THE GENERALIZED COASTLINE 

CLASSIFICATIONS PROVIDE AN OVERVIEW OF THE COASTLINE’S 

GEOMORPHOLOGY IN THE REGION WHICH IS CHARACTERIZED 

PRIMARILY BY SANDSTONE CLIFFS (DAVIS, 2011).  
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Jacques Cartier Provincial Park is one of the most 

visited provincial parks in western PEI.  It offers 

visitors 0.5 km of white, sandy beach in an area 

otherwise characterized by relatively high cliffs.  

During the summer months, the Park hosts a full-

service campground, educational programs and a 

supervised swimming area.  Local campers, as well as 

tourists, are drawn to the Park for its beach-side 

campsites. 

Tourism, transportation and development 

stakeholders are keenly interested in the costs and 

benefits associated with climate change adaptation.  

The campground has already experienced flooding 

during past storm surge events and to date the 

maintenance plan has been to repair or replace Park 

infrastructure to its previous state whenever 

possible.  Land lost to erosion however cannot be 

replaced and numerous campsites and nearby 

cottage lots have already been lost to the 

encroaching shoreline. 

As a result of the ongoing threat of further erosion to 

the Provincial Park and the increasing vulnerability of 

Route 12, shoreline armouring was put in place in the 

spring of 2014.  A combined strategy of Island 

sandstone adjacent to the Park and a 100-m long 

Langley Seawall adjacent to the road were used.  For 

the purpose of this study, the presence of these 

adaptation interventions was excluded from the 

analysis of current conditions and the economic 

assessment of climate change risks.  This approach 

allowed for the inclusion of the current adaptation 

strategy as one of the alternative adaptation 

scenarios proposed for the region. 

STAKEHOLDER ENGAGEMENT 
The stakeholders for the project were identified as 

those people, or government departments, who own 

and/or who are responsible for the maintenance and 

repair of the infrastructure within the case study 

area.  The stakeholders were engaged at the onset of 

the project and informed of the project’s purpose, 

the intended application of the CBA methodology, 

and the expectations of their role in providing data 

and background information.  They included 

representatives from various provincial government 

departments and local utilities (See Table 2).  Private 

residential property owners were not consulted 

during the project.

TABLE 2. NORTH CAPE COASTAL DRIVE CASE STUDY INFRASTRUCTURE AND PROPERTY IDENTIFIED AT RISK WITHIN THE COASTAL ZONE. 

At the initial workshop, stakeholders were presented 

with information on the potential coastal flood risks 

and historical erosion rates in the case study area.  

Although the climate change impacts had not yet 

been resolved in detail at the time of the first 

meeting, stakeholders were able to provide 

information about previous impacts and past 

response strategies.  Stakeholders shared stories of 

their experiences during and after storm surge 

events.  Descriptions of past events were compared 

with the flood projections once the detailed risk maps 

had been resolved.  Impacts due to past erosion were 

evident from a visual assessment of a time series of 

aerial photos (See Figure 3).  

Assets and infrastructure at risk within the coastal zone Stakeholder 

Roads and related infrastructure, including 
public/private, paved/unpaved and seasonal; no 
culverts or bridges were found to be impacted. 

PEI Dept. of Transportation Infrastructure and 
Energy 

Utility Lines/Poles, including communication and 
electrical 

Bell Aliant  

Maritime Electric 

Provincial Park buildings and other structures, 
campsites and internal park roads 

PEI Dept. of Economic Development and Tourism 

Private properties (vacant); and  

Private properties (with cottages/buildings). 

PEI Dept. of Finance 

PEI Dept. of Justice and Public Safety 
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FIGURE 3. COMPARISON OF JACQUES CARTIER PARK AND A SEGMENT OF ROUTE 12 OVER A 36-YEAR PERIOD (1974/1990/2010).  PRIVATE COTTAGES WERE 

FIRST RELOCATED DUE TO PROGRESSION OF COASTAL EROSION BUT EVENTUALLY REMOVED FROM THE AREA.  DURING THE SAME TIME PERIOD, THE PROVINCIAL 

PARK CAMPGROUND HAS EXPANDED INTO THE OPEN FIELDS TO THE NORTH, WHILE THE LAND AREA TO THE SOUTH HAS EXPERIENCED A SUBSTANTIAL LOSS. 

Where data was provided by stakeholders in a GIS-

mapped format the assessment of risks was more 

efficient.  Data on transportation infrastructure, 

properties and built structures had detailed 

attributes allowing for an efficient analysis of the 

infrastructure by categorizing the inventory 

according to variables that impacted the costing 

information.  For example, the width, surface type 

and ownership of the roads were identified for each 

road identified at risk, and construction cost 

estimates for only those road types identified were 

needed.  Costing data on other transportation 

infrastructure such as culverts and bridges was not 

necessary as none were present within the risk area.  

Stakeholders generally provided values of the 

infrastructure in unit costs (i.e., per metre length) 

based on construction estimates.  For cost estimates 

of infrastructure that was not available in a mapped 

format, stakeholders evaluated the flood and erosion 

risk maps themselves and determined a total cost to 

build, repair or replace the infrastructure as 

necessary for the impact scenario. 

Stakeholders also played a significant role in 

narrowing the list of adaptation options that were 

most appropriate to the area.  They shared lessons 

learned from past experiences in other locations on 

the Island, and provided cost breakdowns of past 

projects.   This information was used to incorporate 

the costs related to the lifespan of an adaptation 

option, and other on-going or maintenance related 

fees.  

Stakeholder input was critical to understanding the 

additional indirect impacts of the flood and erosion 

projections and adaptation scenarios.  Some indirect 

impacts were quantifiable and whenever possible 

were included in the cost–benefit analysis, such as 

the revenue generated by the individual campsites, 

and the economic boost that seasonal cottage 

residents and their visitors bring to an area (The 

Tourism Research Centre, 2012).  Not all indirect 

impacts could be included in the study.  Costs 

associated with the disruption of traffic flow if Route 

12 was damaged, including the additional time and 

fuel costs associated with a detour for services such 

as waste collection, school bus routes, and 

emergency vehicles, are difficult to track and 

quantify.   

At the final project meeting, stakeholders were 

presented with an overview of the impact data, the 

assumptions made in determining the value of the 

infrastructure, the range of adaptation options 

explored, the adaptation scenarios proposed, and 

the preliminary CBA results.  Stakeholders engaged in 

discussions about the usefulness of the CBA data, the 

applicability of the methodology to this and other 

similar locations across the Island, how the 
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methodology could be applied within a sector specific 

analysis (for example to assess the cost–benefit of 

adapting all waterfront Provincial Parks) and the 

importance of qualitative variables that were not 

captured by the quantitative nature of the economic 

study. Further details on these discussions are 

included in the Case Study Summary and Conclusion 

sections of this report. 

CLIMATE CHANGE IMPACTS 

INVENTORY ANALYSIS 
As previously described in Section 3, the future 

coastline and projected sea levels were generated for 

the case study area for the years 2010, 2040, 2060 

and 2070.  For each time period, 4 storm-tide water 

levels were determined based on return periods of 1-

in-10, 1-in-25, 1-in-50 and 1-in-100 events.  Flood 

maps were created by overlaying the projected high 

water levels on high resolution LiDAR topographic 

maps.  An inventory of the impacted infrastructure 

(i.e. campground buildings and campsites, roads and 

utilities, and waterfront properties) located within 

the at risk zones of each map was produced for both 

the flood and erosion scenarios. 

When the results of the impact inventories were 

compared, it was noted that in most cases properties 

would be impacted by erosion sooner than they 

would be by coastal flooding.  More specifically, 

without intervention to mitigate or slow the rate of 

erosion, most of the infrastructure at risk of flooding 

would no longer exist at the time the flood risk was 

presented.  It was determined that the impacts of 

flooding could not be evaluated in isolation from 

erosion.  However the ability to separate and/or 

combine the flood and erosion risk inventories was 

significant in the evaluation of adaptation scenarios, 

where some options could provide protection against 

further erosion but would not protect against coastal 

flooding, and vice versa. 

IMPACTS OF COASTAL EROSION 

ON THE PROVINCIAL PARK AND 

CAMPGROUND 
The results of the impact inventory analysis indicated 

that Jacques Cartier Provincial Park has experienced 

significant erosion in the past at an average rate of 1 

m/yr, and without adaptation would continue to 

experience similar loss of land.  Although shoreline 

stabilization is now in place on this section of the 

coastline, in order to compare adaptation 

alternatives, a baseline condition prior to the 2014 

construction was used with the historical erosion 

rate to determine the projected future coastlines 

(See Figure 4).  

Four buildings within the Park that provide services 

for the campground were identified as at risk, 

however more significantly the campground itself 

would be expected to lose approximately 38% of its 

77 campsites by 2040, 65% by 2060, and 74% by 

2070, if no adaptation options are implemented. 

The most vulnerable sites are the tenting beach-

front sites with electrical service and 2-way serviced 

sites for RVs and trailers. Additionally, it was 

assumed that once a campsite is lost, the revenue 

from the campsite will also be lost for every 

subsequent year. 

FIGURE 4. JACQUES CARTIER PARK (2010) WITH PROJECTED 

FUTURE COASTLINES BASED ON THE HISTORICAL RATE OF 

EROSION. 
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IMPACTS OF COASTAL EROSION 

ON ROADS

The roads impacted by erosion in the case study area 

include the main public road (Route 12), secondary 

beach access roads that run perpendicular to the 

coastline and private seasonal laneways.  Route 12 

bends close to the coastline twice; once just past 

Jacques Cartier Provincial Park and once northeast of 

O’Rourke Road.  It is vulnerable to erosion at both of 

these locations.  Historical rates of erosion were over 

1 m/yr at the first bend and 0.5 m/yr at the second 

bend (See Figure 5). 

 

  

FIGURE 5  ROUTE 12, KILDARE CAPES, WITH PROJECTED FUTURE COASTLINES BASED ON THE HISTORICAL RATE OF EROSION. 

The secondary roads, used for beach access or for 

access to residential properties that are impacted by 

the projected erosion, are located adjacent to or 

behind the properties that they are providing access 

to.  The impacts to these roads occur after the 

erosion has impacted the property itself and the 

roads’ primary purpose is no longer evident.  

The utility lines and poles for electrical and 

communication services are located within the public 

right-of-way and run parallel to the roadways.  

Although permitted to be located within the 

transportation right-of-way, costs associated with 

repairs or relocation, if necessary, are the 

responsibility of the utility company.  The 

stakeholders representing the utilities provided 

detailed cost estimates on the value of the 

infrastructure when present on the roadways that 

were identified at risk.  Not all roads in the study area 

are serviced. 
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IMPACTS OF COASTAL EROSION 

ON WATERFRONT PROPERTIES 
Erosion is the primary threat to waterfront 

properties, with erosion rates that vary between 30 

and 60 cm/year.  This rate is higher than the average 

erosion rate in Prince Edward Island (Webster, 2012).  

To determine the economic impact of the projected 

erosion, existing properties were grouped into three 

categories: undevelopable, vacant or developed.  

Undevelopable properties were recognized as any 

parcel that does not have sufficient lot area or depth 

to satisfy provincial planning and environmental 

regulations for new development.  This category 

included some existing parcels that have no 

measurable lot area above the ordinary high water 

line.  The undevelopable properties were excluded 

from the study because their current assessment 

rates generally reflected that they exist in deed only.  

There is no current value in the land to be further lost 

as a result of climate change impacts. 

The assessment value of a vacant waterfront parcel 

is only partially related to its size, where other factors 

such as view, drainage or beach access may also 

influence the value. 

For the purpose of the project however the 

assessment values for vacant parcels were 

recalculated when the ability to develop the property 

changed as a result of land lost to erosion.  More 

specifically, the new lot area and lot depth was 

measured for each parcel, in each decade of the 

study period, based on the projected coastline.  In the 

year that a parcel was projected to be no longer 

developable due to the new lot size and/or lot depth, 

the value of the land assessment of the property was 

recalculated.  The value of the new property 

assessment was based on the average assessment 

rates of existing, nearby similarly sized properties. 

This change in assessment value in a given decade 

was considered a one-time cost. 

Developed properties, or properties with built 

structures were considered safe or non-impacted 

until such time as the projected coastline intersected 

the footprint of the main building on the property.  

The total assessment value of the property was then 

recalculated based on the remaining lot area, minus 

the building assessment.  The lot area calculation was 

based on the average assessment rate of existing, 

nearby similarly sized vacant properties.  In some 

cases, once the building was impacted, the existing 

developed property no longer had sufficient lot area 

or depth for redevelopment and both the land and 

building value were lost as a result of the projected 

erosion.  In total, the main buildings on 29 private 

properties within the case study area are expected to 

be lost to erosion by 2064. (See Figure 6)  

Finally, when a residential property that is not owned 

by an area resident (identified by their primary 

mailing address) was expected to be lost due to 

erosion, the annual expenditures of the owner and 

their visitors are also expected to be lost.  In addition 

to the loss of the building value for developed 

properties, it was assumed that this economic value 

in tourism would be lost for every subsequent year. 

 

FIGURE 6 KILDARE CAPES COTTAGE SUBDIVISION WITH 

PROJECTED FUTURE COASTLINES BASED ON THE HISTORICAL RATE 

OF EROSION.



12 

IMPACTS OF COASTAL FLOODING 
The risk of coastal flooding from sea level rise and 

storm surge within the case study area varies along 

the length of the coastline.  A few low lying areas 

located adjacent to wetlands were identified at high 

risk, but the majority of the waterfront properties 

were considered at low risk due to the elevation of 

the cliffs and bluffs in the area.  (See Figure 7) 

The Provincial Park and campground is vulnerable to 

flooding, where much of the camping area is less than 

2 metres above sea level.  Stakeholders confirmed 

that the Park has experienced storm-surge flooding 

as recently as 2010.  Fortunately, the storm surge 

events have not occurred during the months of 

operation of the campground.  Stakeholders 

indicated that for the most part damages resulting 

from past flood events were repaired as part of the 

annual maintenance and clean up prior to opening 

the campground in the spring and did not impact the 

Park’s functions or revenue that season. 

The segment of Route 12 north of the Park was also 

found to be vulnerable to coastal flooding at the first 

bend, however storm surge events which may 

temporarily close the road, were not expected to 

cause damage that would prevent use of the road 

once the water has receded. 

The property value of vacant parcels was not 

expected to be impacted by storm surge flood 

events, and no buildings were impacted by 

inundation resulting from sea level rise alone. Only 

one house was identified at risk of coastal flooding as 

a result of projected storm surge events (Macdonald 

and Webster, 2015).  A description of the house and 

the depth of the projected flood waters were 

necessary to determine the estimated damage costs 

as a percentage of the assessment value (Davis and 

Skaggs, 1992).  

COSTS OF CLIMATE CHANGE 
The costs of climate change were determined by 

annualizing the impact costs known for each of the 

projection years (2010, 2040, 2060 and 2070) and 

interpolating these costs to determine an estimate of 

the cost for each year over the project time period of 

2015–2064. Table 2 provides a summary of the costs 

associated with the direct and indirect variables, and 

the total cost of impacts for the case study area 

assuming a pre-adaptation state (excludes influence 

of Langley Seawall and Island sandstone that is 

currently in place).

TABLE 3 EXPECTED COSTS DUE TO COASTAL FLOODING AND EROSION FOR THE TIME PERIOD 2015–2064, ASSUMING A 4% DISCOUNT RATE. 

Provincial Park and 
Campground 

Transportation Infrastructure Private Properties and Tourism 

Total 

Campsites 
Prov. Park 

Build. 
Roads Utilities 

Properties 
with 

buildings 

Tourism 
Revenue 

Vacant 
Properties 

$ 1,058,700 $   47,200 $   70,600 $   6,200  $    487,500 $     711,800 $  65,300 $2,381,900 

 

FIGURE 7 COASTAL FLOODING PROJECTIONS FOR A 1-IN-100 YEAR STORM 

SURGE EVENT IN 2010, 2040, 2060, AND 2070. 
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ADAPTATION OPTIONS  
AND SCENARIOS 

ADAPTATION OPTIONS  

 

 

 

Stakeholder’s experience and expertise in addressing 

coastal flood and erosion control methods was 

valuable to generating a list of practical adaptation 

options.  The initial list of adaptation options to be 

explored included: doing nothing, various methods of 

soft and hard protection, installation of barriers for 

flood mitigation, accommodation through raising 

infrastructure, and retreat through relocation or 

abandonment. 

The “do nothing” approach, often referred to as the 

“business-as-usual” approach, involves accepting the 

losses that are inevitable due to erosion, and 

rebuilding damaged infrastructure and buildings back 

to their original state following a storm surge event.  

The theory behind doing nothing is that in some cases 

maintaining minor infrastructure may be more cost 

effective than mitigating the risk of the damage 

occurring. 

Similarly, planned retreat as an adaptation option 

also allows nature to take its course.  Rather than 

mitigating the progression of erosion or blocking 

flood waters, the adaptation action is in the removal 

of the variable that is at risk.  Retreat involves moving 

infrastructure out of high risk areas, and either 

abandoning the previous activity or relocating it.  The 

relocation of public infrastructure often requires 

planning, public consultation and costs associated 

with land acquisitions.  For the relocation of private 

buildings, the cost to transport a building or to 

elevate the foundation within its current property is 

generally the same; however relocating a building to 

a new property has the added expenses of land 

acquisition and the installation of new services 

For coastal engineering adaptation options that 

aimed to mitigate the risk factor (i.e., block the flood 

waters and stop the erosion), the suitability of each 

was evaluated based on a number of local factors.  

These factors included geomorphic shoreline 

classification, wave exposure, and longshore 

sediment transport, as well as the type and extent of 

coastal vulnerability (e.g. erosion, sea level rise / 

storm surge / flooding /, etc.).  A general 

compatibility table was developed to assist in 

narrowing down the options for an economic 

assessment and understanding the pros and cons of 

each option (See Table 4).  For construction purposes, 

this information should not be substituted for a 

detailed site-specific geotechnical and engineering 

assessment, which was beyond the scope of the 

present study. 

Some coastal engineering options were intentionally 

left out of the analyses or excluded from the final 

scenarios used in the CBA.  The coastline within the 

case study area is fully exposed to northerly storm 

waves from the Gulf of St. Lawrence and due to the 

north–south orientation of the shoreline, the 

longshore sediment transport flows from north to 

south.  More specifically, the ongoing erosion at Cape 

Kildare is feeding the beaches of Jacques Cartier 

Provincial Park (Leys, 2015).  It was noted that 

adaptation measures that involved the installation of 

hard structures to mitigate erosion in the northern 

part of the case study region could have unintended 

or indirect impacts on the beaches to the south.  

These options were excluded from the adaptation 

scenarios developed for the cost–benefit analysis.  

Similarly, a series of rock structures either 

perpendicular to the coast (groyne fields) or parallel 

to the coast (nearshore breakwaters) were also 

excluded as their purpose is to retain sand along the 

eroding shore, however this may then displace the 

erosion problem further down the coast.   

Beach nourishment and soft protection adaptation 

measures were also explored through discussions 

with the project stakeholders.  Information and data 

was shared on past experiences with these 

techniques in PEI.  Stakeholders recommended 

avoiding these techniques for a number of reasons.  

Primarily, the transport or importing of sand from 

another location is prohibited due to environmental 

regulations.  Past projects that utilized this technique 

benefited from an immediate source of sand where 

dredging was already occurring.  Stakeholders also 

advised of the relatively short lifespan and intensive 
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maintenance necessary for the success of a buried 

revetment treatment.  Past projects have since been 

reverted to more traditional methods of protection, 

citing a lack of resources for the ongoing 

maintenance. 

For more information on the suitability analysis on 

the adaptation options, refer to Leys, 2015  

(Appendix 1).

TABLE 4. ADAPTATION OPTIONS THAT ARE TECHNICALLY SUITED BASED ON SHORE TYPE, AND THEIR ASSOCIATED RISKS AND LIMITATIONS.  TABLE ADAPTED FROM 

LEYS, 2015. 

Adaptation 
options 

considered 

Technical Compatibility 

Potential Risks and Limitations 

 

Foreshore Backshore 

Rocky Sandy Marsh Cliff/Bluff Sand 
Dune 

Wetland 

Erosion Mitigation 

Steel Sheet Pile 
Seawall Generally 
unsuitable for 
hard soils 

 X X X X X Loss of beach in front of structure; 

Downdrift erosion for exposed 
shoreline; and, 

Additional beach nourishment 
recommended for sandy shore. 

 

Langley Seawall X X  X X  

Armour Stone 
R1000  

For higher wave 
exposure 

X X  X X  

Armour Stone 
R250 

For medium wave 
exposure 

 X X X  X 

Island Stone 
Shore protection  

For lower wave 
exposure 

  X   X  

Buried Revetment  

For sandy 
foreshore 

 X  X X  Clean sand required 

Beach 
nourishment 

 X  X X  

Add Vehicle 
Protection Guard 
rails close to cliff 
backshore 

X X X X    

Flood Mitigation 

Dyke X X X  X X Protection from erosion required with 
dykes Raise the Road X X X  X X 
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ADAPTATION SCENARIOS 

The cost–benefit analysis (CBA) methodology was 

intended to be used as a holistic approach to evaluate 

the total range of costs and benefits within the case 

study area.  However, not all options are suited for 

the range of risks that were identified or for the 

varied geomorphology of the coastline.  A series of 

adaptation scenarios (See Table 5) were developed 

following a review and discussion with the project 

stakeholders.  Each scenario includes a combination 

of different options that address the projected 

impacts across the case study region.  

The scenarios assumed a common approach would 

be taken by each stakeholder or property owner of 

similar types of properties (ex. a private property 

with a building on a cliff vulnerable to erosion).  The 

scenarios also assumed that adaptation options 

implemented to protect one area would not have 

negative impacts on another.  The names given to the 

scenarios reflect the descriptive characteristics of the 

adaptation options selected and were not related to 

the total costs or time frame required for 

implementation.  

Scenario 1: Short term scenario 

The short-term scenario was intended to represent a 

response as needed, rather than a proactive 

implementation of an adaptation technique.  Island 

sandstone is used for shoreline stabilization for the 

roads, which is a cheaper solution with a shorter 

lifespan.  The buildings in the park are repaired as 

necessary after flood events, but losses of campsites 

and buildings due to erosion are not mitigated. The 

buildings on private properties are relocated as 

necessary due to the risk of erosion, and repaired 

after flood damage. 

Scenario 2: Mid-range scenario (current strategy) 

The mid-range scenario reflects the current strategy 

that addresses the risks of erosion through shoreline 

stabilization adjacent to the road (Langley Seawall) 

and the Provincial Park (Island sandstone), as shown 

in Figure 8.  Damages that result from storm surge 

flooding are repaired as necessary.  The private 

properties follow the same response as in Scenario 1, 

where buildings are relocated as needed and 

repaired after flood damage. 

Scenario 3: Long term scenario 

For the third scenario, risk mitigation measures are 

increased to include flood protection of the 

Provincial Park with a dyke.  The dyke is lined with 

armour stone to resist erosion, and the same 

material is used adjacent to the roads at risk.  The 

buildings on private properties are relocated to new 

properties to eliminate the ongoing risk from either 

erosion or coastal flooding. 

Scenario 4: Unlimited Resources 

The unlimited resources scenario utilizes the most 

appropriate adaptation option available to maintain 

current activities.  The Provincial Park is protected by 

a dyke and a Langley Seawall solution for erosion 

control and the roads at risk are protected with steel 

seawalls.  The private property at risk of flooding is 

protected by a dyke, and the buildings on properties 

at risk of erosion are relocated. 

FIGURE 8 THE CURRENT ADAPTATION STRATEGY FOR REDUCING THE RISK OF 

EROSION TO ROUTE 12 IS A LANGLEY SEAWALL. 
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Scenario 5: Relocation of Park (seasonal residents 

stay in the area) 

In contrast to the previous scenarios, this strategy 

proposes to relocate Route 12 and the Provincial Park 

and Campground to a nearby property that is already 

owned by the Provincial government.  The relocation 

of the Park requires new construction of the 

campsites, and relocating the buildings.  Buildings on 

private properties are relocated or rebuilt as 

necessary within the existing property to maintain 

use. 

Scenario 6: Close the Park (seasonal residents leave 

the area) 

The final scenario considers abandonment of the 

campground, coastal drive, and private properties.  

The campground would close eventually due to loss 

of campsites, the buildings would not be repaired or 

replaced.  When Route 12 is impacted by erosion the 

road is abandoned as a dead end and traffic is 

rerouted.  Following the closure of the Park, property 

owners relocate their seasonal residences outside 

the region. 
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TABLE 5 ADAPTATION SCENARIOS PROPOSED FOR THE NORTH CAPE COASTAL DRIVE CASE STUDY, IN CONTRAST TO THE ‘DO NOTHING’ STRATEGY WHICH ASSUMES 

NO PROACTIVE ADAPTATION STRATEGIES ARE IMPLEMENTED IN THE FUTURE. 

 PRIVATE PROPERTIES  

WITH BUILDINGS 

ROADS AND OTHER 

INFRASTRUCTURE 
PROVINCIAL PARK: BUILDINGS 

AND STRUCTURES 
PROVINCIAL PARK PROPERTY 

AND CAMPSITES 

DESCRIPTION OF 

PROJECTED IMPACTS,  

OR LOSSES BY 2070: 

Up to 15 residential 
homes lost due to 
erosion; 1 home is 
susceptible to coastal 
flooding during storm 
surge events. 

Two segments of Route 
12 will be impacted by 
erosion. 

Four buildings will 
require relocation due 
to ongoing erosion; up 
to 9 buildings on the 
property are vulnerable 
to coastal flooding. 

57 campsites will be 
lost due to erosion; the 
property is vulnerable 
to storm surge flooding. 

DO NOTHING Repair to previous 
condition after flood 
damage; accept loss 
due to erosion. 

Unplanned relocation 
when road eventually 
fails. 

Repair and rebuild to 
previous condition after 
flood damage; accept 
loss due to erosion.  

Lost revenue for 
campground; assumes 
no reconstruction. 

1: SHORT TERM 

SCENARIO  
Relocate homes 
vulnerable to erosion 
within property; repair 
flooded home. 

Hard Protection:  

Island Stone 

Repair and rebuild to 
previous condition after 
flood damage; accept 
loss due to erosion. 

Lost revenue for 
campground; assumes 
no reconstruction. 

2: MID-RANGE 

SCENARIO  

(CURRENT STRATEGY) 

Relocate homes 
vulnerable to erosion 
within property; repair 
flooded home. 

Hard Protection: 
Langley Sea wall 

Repair and rebuild to 
previous condition after 
flood damage. 

Hard Protection: Island 
Stone for the length of 
the property protecting 
the open space, 
campsites and buildings 
from erosion. 

3: LONG TERM 

SCENARIO 
Relocate homes 
vulnerable to erosion to 
new properties; 
relocate flooded home. 

Hard Protection: 
Armour stone (R1000) 

Dyke Provincial Park 
coastline for flood 
protection of built 
structures. 

Hard Protection: 
Armour Stone (R1000) 
for the length of the 
dyke to protect the 
open space, campsites 
and buildings from 
erosion. 

4: UNLIMITED 

RESOURCES 
Relocate homes 
vulnerable to erosion to 
new properties; 
construct dyke with 
island stone for flood 
protection. 

Hard Protection:  

Steel wall 

Dyke Provincial Park 
coastline for flood 
protection of built 
structures. 

Hard Protection: 
Langley Sea Wall 

5. RELOCATION OF 

PARK (SEASONAL 

RESIDENTS STAY IN THE 

AREA) 

Relocate homes within 
property; repair 
flooded home 

Planned relocation of 
road and related 
infrastructure 

Relocate buildings to 
the new park. 

Relocate campground 
on Government owner 
property on the 
landward side of Route 
12 

6. CLOSE THE PARK 

(SEASONAL RESIDENTS 

LEAVE THE AREA)  

Relocate homes 
vulnerable to erosion to 
new properties; 
relocate flooded home 

Abandon road as dead 
ends, Route 12 no 
longer connector 

Do not replace 
buildings 

Close campground; 
Day-Use Park functions 
while land remains 
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COST–BENEFIT ANALYSIS 

RESULTS 
The results for the case study are relatively 

straightforward (See Table 6). For five of the 

scenarios, adaptation costs are greater than the 

projected damage costs for the period 2015–2064 

(negative NPV), and these costs outweigh the 

economic benefits of adaptation (BCR is less than 1).  

This indicates that these scenarios are not 

economically feasible. The results are weighted 

heavily on the costs for protection of the road, which 

was not valued at a cost that warranted protection.   

In contrast, the close the campground scenario is 

found to be supported on economic grounds 

(positive NPV).  While there would be a cost to losing 

the campground, there is no cost relative to doing 

nothing, and the NPV for this variable is nil.  The 

positive NPV is driven by the fact that it is less costly 

to move buildings than it is to continually repair them 

over time following damages, and that the road is 

eventually abandoned in this scenario. 

One might assume that the results reflect an 

underestimate of the actual costs of climate change 

because the socio-cultural benefits of the Provincial 

Park were not included in the CBA.  The closure of the 

Park would be expected to have a greater impact on 

the general area and surrounding community, with 

spin-off impacts such as decreased tourism and a loss 

of seasonal employment opportunities.  This option 

is unlikely to be selected unless the community and 

surrounding area were to experience a significant 

decrease in residents and visitors for other reasons, 

and the Provincial Park was identified as no longer 

being valued as a community resource.   

As mentioned earlier, the indirect variables relating 

to disruption in services and the loss of the tourism 

attraction of the coastal drive itself, were not 

included in the study. Assigning a monetary value to 

these variables would likely improve the feasibility of 

the all of the scenarios by increasing the anticipated 

cost of climate change.  Even though five of the 

scenarios had negative results, the study provides a 

comparative analysis for further review and 

consideration.

TABLE 6 SUMMARY OF COST–BENEFIT ANALYSIS RESULTS FOR EACH OF SIX ADAPTATION SCENARIOS, ASSUMING A 4% DISCOUNT RATE. 

Adaptation Scenarios Total Cost of Scenario Net Present Value (NPV) Benefit-Cost-Ration (BCR) 

Short term scenario $ 1,917,800 -$   247,600 0.87 

Mid-range scenario 

(current strategy) 

$ 1,745,100 -$     75,000 0.96 

Long Term scenario $ 3,044,600 -$     662,600 0.78 

Unlimited Resources $ 4,478,600 -$  2,096,600 0.53 

Relocate Park $ 2,921,600 -$  1,251,400 0.57 

Close the Campground $ 1,963,800  $     341,300 1.17 

The second best scenario to implement was the mid-

range scenario, which also happens to be the 

scenario that best describes the current strategy. In 

the mid-range scenario, the waterfront properties 

with houses that are vulnerable to erosion are moved 

inland within their own properties; flood damages 

are repaired to their original state as needed with no 

additional adaptation to prevent the flooding from 

reoccurring; the main road is protected with a 

Langley Sea Wall; and, the coastline adjacent to the 

campground is protected from erosion with Island 

sandstone that requires ongoing maintenance and 

replenishment. 
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CASE STUDY SUMMARY 
The risk analysis of this case study provided a unique 

opportunity to assess the impacts of both projected 

erosion and coastal flooding simultaneously.  Had the 

flooding analysis been done in isolation, the results 

likely would have identified a form of water barrier 

(i.e., dyke) as the preferred adaptation option.  

Instead, erosion was found to be the primary issue 

(e.g. that is that the costs associated with erosion 

would be greater sooner than that of coastal 

flooding) and the impacts due to flooding were a 

relatively minor cost over the term of the project.  For 

future studies where combined processes are 

expected to impact the coastline, it will be important 

for the primary influence to be identified. 

The impact of erosion for this case study also had an 

influence on the adaptation options that were 

proposed for the CBA.   Options for adaptation where 

the coastline is characterized by an elevated cliff are 

somewhat limited.  The study proposed relocation of 

infrastructure where hard protection methods were 

unsuitable, however the added indirect costs 

associated with relocating residents to another area 

on the Island were difficult to quantify.  The study 

used the spending value of seasonal residents as one 

factor that would be lost in the community if cottages 

were relocated, however assigning a value to year 

round residents and the local services that depend on 

those residents were beyond the scope of the 

project.    

One of the primary objectives of the project was to 

evaluate an area characterized by the infrastructure 

and property relating to a key economic sector in the 

community.  As such the Provincial Park was 

considered to be representative of the tourism 

sector.  The stakeholders agreed that the socio-

cultural aspects of the Park are essential in assigning 

a value to the open space as a community asset, 

which the property assessment does not represent.  

As such stakeholders were not surprised when the 

CBA results indicated adaptation was not cost-

effective at this location, as not all provincial parks 

generate revenue.   

Despite the exclusion of the indirect costs of climate 

change, the value of the case study was identified in 

the opportunity for a comparison to be made 

between Provincial Park sites.  A similar study could 

be done on multiple Parks, with the specific intent of 

comparing infrastructure values, maintenance and 

operational costs with the costs to implement 

adaptation.  The results would then provide a basis 

for establishing priorities for implementation of 

adaptation at the different sites.  This data would also 

be useful for discussions on closing some of the 

government owned campgrounds and running them 

as day-use Parks only.  A comparison study would 

identify the most vulnerable Park(s) or the least cost-

effective ones to protect, and would guide decision 

making on which Parks should be converted first. 

In conclusion, the results of the CBA supported the 

current adaptation management plan for the 

Provincial Park and region.  Island sandstone as a 

form of hard protection was found to be the 

economically preferred choice to prevent ongoing 

erosion of the Park and flood mitigation measures 

were not warranted where damages could be 

repaired pre-season and the functionality of the site 

during the summer months was not expected to be 

impacted.  For private properties, flood damages 

were not anticipated to warrant relocation and 

buildings at risk from the eroding coastline should be 

moved as necessary. 
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TRACADIE HARBOUR CASE 

STUDY 
 
 

INTRODUCTION AND SITE 

DESCRIPTION 
Fishing and aquaculture are major contributors to 

Prince Edward Island’s economy.  Tracadie Harbour is 

located in the community of Grand Tracadie, on the 

Gulf of St. Lawrence.  The harbour has a fishing fleet 

and mussel aquaculture industry.  Lobster fishermen 

harvest in the spring and many of these fishermen 

fish for other species the remainder of the season.  

Mussels are harvested year-round using a longline 

system that suspends the mussel socks within the 

water column.  Approximately 14% of the mussel 

beds in PEI’s coastal waters are within Tracadie and 

Winter Bay.  The Island’s mussel farmers produce 

approximately 80% of Canadian mussels; and the 

industry employs more than 1,500 people annually 

(PEI Aquaculture Alliance, 2015) 

The Tracadie Harbour Case Study area includes the 

infrastructure and property of the small craft 

harbour, the paved access road to the Harbour 

(Harbour Rd), and the private properties on the 

western side of the inlet of Tracadie Bay (See Figure 

9). Properties in this area have been developed as 

seasonal residences that have limited access during 

the winter months.  Cottages are adjacent to a 

popular beach extending between the harbour and 

the Prince Edward Island National Park.  Beach Road, 

extends from Harbour Rd and has been used 

traditionally as a single lane beach access road.  In 

2006 a parking lot and boardwalk access path was 

constructed on a property fronting on Beach Rd to 

improve visitor and emergency vehicle access to the 

beach. 

 

 

The Department of Fisheries and Oceans dredges the 

channel on the west side of the inlet annually 

(sometimes more frequently) to ensure free passage 

is maintained during low tides.  The channel is 

relatively deep and accommodates recreational 

boats and other motorsports.  In 2010, the barrier 

beach that shelters Tracadie Bay was breached 

FIGURE 9.  TRACADIE HARBOUR CASE STUDY LIMITS.  THE GENERALIZED 

COASTLINE CLASSIFICATIONS PROVIDE AN OVERVIEW OF THE COASTLINE'S 

GEOMORPHOLOGY IN THE REGION WHICH IS CHARACTERIZED PRIMARILY BY SAND 

DUNES ON THE COAST AND WETLANDS WITHIN THE INNER HARBOUR. 
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during a storm surge event and a second inlet into 

Tracadie Bay was created.  Since that time fishermen 

have used the new access for a more direct route in 

and out of the Bay, and studies have shown that the 

breach has also improved water circulation 

throughout the Bay and resulted in an increase in 

aquaculture productivity (Filgueira et al., 2013). 

The significant changes in the coastline of Tracadie 

Bay area generates an interesting study in coastline 

dynamics which are beyond the scope of this project.  

A mix of both armour and sandstone shoreline 

stabilization techniques have been used along the 

length of Harbour Road and adjacent to one of the 

private properties in response to the increase in 

storm surge frequency and intensity.  However, the 

shifting sand patterns in recent years indicate that 

the western inlet is narrowing and without ongoing 

dredging the inlet could eventually be closed (See 

Figure 6).  If the inlet were to close it would further 

alter patterns of erosion and accretion, and would 

provide protection from wave impacts of future 

storm surge events.  Given the rapid pace of shoreline 

change, the projected future coastlines used here 

(i.e. based on historical rates of erosion) may not be 

reliable (Leys, 2015); however, for the purpose of the 

study these projections were considered to be the 

best available estimates. 

 

 

 

FIGURE 6  CHANGES IN THE SAND BOUNDARIES IN TRACADIE BAY HAVE BEEN MAPPED BETWEEN 2000 AND 2013. THE SAND PATTERNS APPEAR TO BE CLOSING 

THE WESTERN INLET, WHILE THE BREACH IN THE BARRIER BEACH HAS WIDENED OVER TIME.  (SOURCE: DFO, 2013)
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STAKEHOLDER ENGAGEMENT 
The stakeholders for the project were identified as 

those people, or government agencies, who own 

and/or who are responsible for the maintenance and 

repair of the infrastructure within the case study 

area.  The stakeholders were engaged at the onset of 

the project and informed of the project’s purpose, 

the intended application of the CBA methodology, 

and the expectations of their role in providing data 

and background information. They included 

representatives from various provincial government 

departments, and local utilities (See Table 7). Private 

residential property owners were not consulted 

during the project.  

At the initial workshop, stakeholders were presented 

with information on the potential coastal flood risks 

and historical erosion rates in the case study area.  

Stakeholders were able to provide information about 

previous impacts and past response strategies by 

sharing stories of their experiences during and after 

storm surge events. 

Where data was provided by stakeholders in a GIS-

mapped format the assessment of risks was more 

efficient.  Construction cost estimates were provided 

for the road types identified at risk and costing data 

on other transportation infrastructure, such as 

culverts and bridges, was not necessary as none were 

present within the risk area.  Stakeholders generally 

provided values of the infrastructure in unit costs 

(i.e., per metre length) based on construction 

estimates.  For cost estimates of infrastructure that 

was not available in a mapped format, stakeholders 

evaluated the flood and erosion risk maps 

themselves and determined a total cost to build, 

repair or replace the infrastructure as necessary for 

the impact scenario. 

Fisheries and Oceans Canada provided additional 

information on the assets and infrastructure of the 

small craft harbour including the facilities and land 

assets, expenses relating to construction projects 

between 1974 and 2014, annual maintenance 

expenses (i.e. dredging) and the annual landings in 

weight and values (excluding the aquaculture 

harvest).  A detailed site plan of the Harbour 

Authority’s leased area identified building uses, fleet 

numbers and the location of other assets. The 

Aquaculture Leasing Division of DFO further provided 

information on the lease holds within Tracadie Bay 

and Winter Bay.  The Department of Agriculture and 

Fisheries provided input on the value of the 

aquaculture harvest. 

TABLE 7 TRACADIE HARBOUR CASE STUDY INFRASTRUCTURE AND PROPERTY IDENTIFIED AT RISK WITHIN THE COASTAL ZONE. 

Assets and infrastructure at risk within the coastal zone Stakeholder 

Roads and related infrastructure, including 
public/private, paved/unpaved and seasonal; no 
culverts or bridges were found to be impacted. 

Dept. of Transportation, Infrastructure and 
Energy 

Utility Lines, including communication and electrical Bell Aliant 

Maritime Electric 

Tracadie Harbour wharf, buildings and other assets Department of Fisheries and Oceans (DFO) 

Public Works and Government Services Canada 

Private properties (vacant); and, 

Private properties (with cottages/buildings). 

Dept. of Finance 

Dept. of Justice and Public Safety 
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Fisheries and Oceans Canada provided additional 

information on the assets and infrastructure of the 

small craft harbour including the facilities and land 

assets, expenses relating to construction projects 

between 1974 and 2014, annual maintenance 

expenses (i.e. dredging) and the annual landings in 

weight and values (excluding the aquaculture 

harvest).  A detailed site plan of the Harbour 

Authority’s leased area identified building uses, fleet 

numbers and the location of other assets. The 

Aquaculture Leasing Division of DFO further provided 

information on the lease holds within Tracadie Bay 

and Winter Bay.  The Department of Agriculture and 

Fisheries provided input on the value of the 

aquaculture harvest.    

Aquaculture industry representatives discussed the 

role of the wharf and infrastructure used by the 

mussel farmers, and the different requirements for 

mussel farmers who must transport their haul 

longshore, outside of the harbour limits.  This 

broader discussion was significant to understanding 

the implications of various adaptation options, 

including relocation and consolidation of the 

Tracadie Harbour infrastructure at another nearby 

harbour.   

At the final project meeting, stakeholders were 

presented an overview of the impact data, the 

assumptions made in determining the value of the 

infrastructure, the range of adaptation options 

explored, the adaptation scenarios proposed, and 

the preliminary CBA results.  Stakeholders engaged in 

discussions about the usefulness of the CBA data, the 

applicability of the methodology to this and other 

similar locations across the Island, how the 

methodology could be applied within a sector specific 

analysis (for example to assess the cost–benefit of 

adapting all small craft harbours on the Island) and 

the importance of qualitative variables that were not 

captured by the quantitative nature of the economic 

study.  Further details on these discussions are 

included in the Case Study Summary and Conclusion 

sections of this report. 
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CLIMATE CHANGE IMPACTS 

INVENTORY ANALYSIS 
As previously described in Section 3, the future 

coastline and projected sea levels were generated for 

the case study area for the years 2010, 2040, 2060 

and 2070.  For each time period, four storm-tide 

water levels were determined based on return 

periods of 1-in-10, 1-in-25, 1-in-50 and 1-in-100 

events.  Flood maps were created by overlaying the 

projected high water levels on high resolution LIDAR 

topographic maps.  An inventory of the impacted 

infrastructure (i.e. wharf, roads, utilities, and 

waterfront properties) located within the at risk 

zones of each map was produced for both the flood 

and erosion scenarios.  The climate change impact 

analysis indicated that coastal flooding as a result of 

storm surge events (and sea level rise) is the primary 

risk to the coastal infrastructure in this low lying area. 

IMPACTS OF COASTAL EROSION 
The projected future coastlines based on historical 

erosion rates, illustrate that Tracadie Bay’s coastline 

has fluctuated in the past with some areas eroding 

and other areas recording accretion (See Figure 11).  

This inconsistency was found in other areas 

characterized by barrier beaches and islands 

protecting bays and lagoons and was flagged as 

anomalous in a previous coastline change analysis 

(Webster, 2012). 

If assuming a base line condition where no shoreline 

stabilization measures are in place, erosion is 

expected to cause impacts to the road and utilities 

present in the public right-of-way on Harbour Road in 

approximately 2030.  The foundation of the road was 

originally constructed within a wetland environment 

and has required ongoing maintenance and 

stabilization in the past.  Currently the provincially 

owned portion of the road is lined with Island 

sandstone and the federally owned portion has been 

stabilized with armour stone.  Although the Island 

stone was only just added in 2014, the armour stone 

has been in place for at least 15 years and was 

reinstated most recently following a significant 

expansion of the harbour facilities in 2011.   

Harbour Road is the only access road to the wharf 

and if a ‘do nothing’ approach were taken for the 

base line of the cost–benefit analysis (CBA), the wharf 

property, assets and infrastructure would also be 

considered lost.  Indirectly the landings for both the 

lobster fishermen and aquaculture harvest that are 

hauled at this location could also be impacted by the 

loss of the road if it is not maintained or repaired.  

Alternatively, the study used a ‘business as usual’ 

approach as the base line, meaning if and when the 

road is damaged due to erosion, it will be continually 

repaired to its previous state but not improved or 

adapted.   The current shoreline stabilization was 

excluded from the baseline condition and rather was 

considered as one of the adaptation options. 

 

FIGURE 11  HARBOUR ROAD, AND TRACADIE HARBOUR WITH PROJECTED 

COASTLINES BASED ON THE HISTORICAL RATE OF EROSION. 
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IMPACTS OF COASTAL FLOODING 

ON TRACADIE HARBOUR 
Stakeholders confirmed that the expected increase in 

frequency and intensity of projected coastal flooding 

is consistent with observed trends and past damages 

to the buildings and infrastructure at the Harbour.  

Buildings have been damaged during storm surge 

events in the past and have been replaced with the 

same flood risk present today.  There are 17 buildings 

on the wharf (See Figure 12), including bait sheds, a 

few larger sheds, an office and a weather shelter. 

Unlike residential buildings with a foundation, the 

wharf buildings are expected to be impacted more 

severely.  Stakeholders advised that the buildings 

would be highly damaged in a flood scenario of 0–

0.5m water levels, and that they would require 

replacement with water levels over 0.5m.  Some 

buildings were expected to be impacted immediately 

by flood levels generated by a 1-in-10 storm surge 

event (i.e. 1.70m elevation) in 2010.  All 17 buildings 

on the wharf are expected to be impacted by a 1-in-

25 year storm surge event (i.e. 2.10 m elevation) in 

2040. 

The profits generated at the harbour were estimated 

based on the revenue from lobster and mussel 

harvests hauled, minus the costs of operating and 

maintaining the harbour. Operation costs include 

activities like dredging, environmental services and 

planning, and repairs.  

IMPACTS OF COASTAL FLOODING 

ON ROADS 
No roads or infrastructure were projected to be 

permanently flooded due to sea level rise alone.  

Storm surge events will temporarily close roads but 

in the absence of storm water drains, culverts and 

bridges the temporary flooding of the road surface is 

not expected to cause damage that would prevent 

use of the road once the water has receded. 

Access roads to private properties that are expected 

to be impacted by storm surge events are not 

maintained in the winter months and access to the 

properties is otherwise already limited.  The 

temporary loss of access over these roads during a 

storm event was not considered to have an economic 

impact on the property’s value. 

Figure 12 Coastal Flooding Projections for a 1-in-100 

year storm surge event in 2010, 2040, 2060, AND 

2070. 
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IMPACTS OF COASTAL FLOODING 

ON WATERFRONT PROPERTIES 
Within the case study area four buildings will be 

directly impacted by storm surge events, with the 

maximum flood inundation of less than 0.5m in 

depth. A number of other houses are likely to lose 

access but are otherwise safe from direct impacts 

(See Figure 12).  There are no private buildings at risk 

of flooding due to the sea level rise projections alone.  

The cost of the flood damage to the four homes was 

estimated using the Catalog of Residential Depth-

Damage Functions by the US Army Corps of Engineers 

(Davis and Skaggs, 1992) which relates the depth of 

flood water inundation to a percentage of the value 

of the structure.  For the homes in question the loss 

of value was less than 15% of the value of the 

structures and the risk was not presented until the 1-

in-100 year water level event (2.5 m) occurring in 

2060.  

COSTS OF CLIMATE CHANGE 
The costs of climate change were determined by 

annualizing the impact costs known for each of the 

projection years (2010, 2040, 2060 and 2070) and 

interpolating these costs to determine an estimate of 

the cost for each year over the project time period of 

2015–2064. Table 8 provides a summary of the costs 

associated with the direct and indirect variables, and 

the total cost for the case study area. 

 

 

 

 

 

 

 

TABLE 8 EXPECTED COSTS DUE TO COASTAL FLOODING AND EROSION FOR THE TIME PERIOD 2015–2064, ASSUMING A 4% DISCOUNT RATE. 

Tracadie Harbour 
Transportation 
Infrastructure 

Private Properties 
Total Cost 

with Landings 

Total Cost 

without Landings 

Landings 
Revenue 

Harbour 
Buildings 

Roads Utilities Private Property  

and Buildings 

$ 74,026,200 $   899,900 $    75,700 $       900 $       1,700 $  75,004,400 $  978,200 

 

ADAPTATION OPTIONS AND 

SCENARIOS 

ADAPTATION OPTIONS  

 

 

Stakeholder’s experience and expertise in addressing 

coastal flood and erosion control methods was 

valuable for generating a list of practical adaptation 

options.  The initial list of adaptation options to be 

explored included: doing nothing, installation of 

various methods of soft and hard protection, 

installation of barriers for flood mitigation, 

accommodation through raising infrastructure, and 

retreat through relocation or abandonment.  The 

base line “business-as-usual” approach, involved 

rebuilding Harbour Road after impacts due to 

erosion, and repairing buildings back to their original 

state following a storm surge event.   

In contrast to the base-line approach, a planned 

retreat or relocation of the fisheries infrastructure as 

an adaptation option allows nature to take its course.  

Rather than mitigating the progression of erosion or 

blocking flood waters, the adaptation action is in the 

removal of the variable that is at risk.  Retreat 

involves moving infrastructure out of high risk areas, 

and either abandoning the previous activity or 

relocating it.  The relocation of public infrastructure 

often requires planning, public consultation and costs 

associated with land acquisitions.  For relocating 

private buildings, the cost to transport a building or 

to elevate the foundation within its current property 
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is generally the same. To relocate a building to a new 

property, however, there is an added expense of land 

acquisition and fees to install new services.   

For coastal engineering adaptation options that 

aimed to mitigate the risk factor (i.e., block the flood 

waters and stop the erosion), the suitability of each 

option was evaluated based on a number of local 

factors.  These factors included geomorphic shoreline 

classification, wave exposure, and longshore 

sediment transport, as well as the type and extent of 

coastal vulnerability (e.g. erosion, sea level rise / 

storm surge / flooding).  A general compatibility table 

was developed to assist in narrowing down the 

options for an economic assessment and 

understanding the pros and cons of each option (See 

Table 9).  For construction purposes, this information 

should not be substituted for a detailed site-specific 

geotechnical and engineering assessment, which was 

beyond the scope of the present study. (Leys, 2015) 

The case study region has two distinct zones, exposed 

beaches to the north and the protected bay to the 

south. The northern exposed beaches do not warrant 

any adaptation interventions at this time. However, if 

dredging of the inlet continues the beach is likely to 

continue to shift westward as accretion continues on 

the opposite side of the inlet.  For the southern area 

that is primarily at risk of coastal flooding, the 

recommended alternatives include dykes and/or 

raised infrastructure, and relocation. 

 

 

TABLE 9 ADAPTATION OPTIONS THAT ARE TECHNICALLY SUITED BASED ON SHORE TYPE, AND THEIR ASSOCIATED RISKS AND LIMITATIONS.  TABLE ADAPTED FROM 

LEYS, 2015 

Adaptation options 
considered 

Technical Compatibility Potential Risks 
and Limitations 

 

Foreshore Backshore 

Rocky Sandy Marsh Cliff/Bluff Sand Dune Wetland 

Erosion Mitigation 

Armour Stone 
R1000  

For higher wave 
exposure 

X X  X X  Loss of beach in 
front of 
structure; 

Downdrift 
erosion for 
exposed 
shoreline; and, 

Additional beach 
nourishment 
recommended 
for sandy shore. 

Armour Stone R250 

For medium wave 
exposure 

 X X X  X 

Island Stone Shore 
protection  

For lower wave 
exposure 

  X   X  

Flood Mitigation 

Dyke X X X  X X Protection from 
erosion required 
with dykes 

Raise the Road X X X  X X 
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ADAPTATION SCENARIOS 

The cost–benefit analysis (CBA) methodology was 

intended to be used as a holistic approach to evaluate 

the total range of costs and benefits within the case 

study area.  However, not all options are suited for 

the range of risks identified or for the varied 

geomorphology of the coastline. A series of 

adaptation scenarios (See Table 10) were developed 

following a review and discussion with the project 

stakeholders.  Each scenario includes a combination 

of different options that address the projected 

impacts across the case study region.  

The scenarios assumed a common approach would 

be taken by each stakeholder or property owner of 

similar types of properties (e.g., a private property 

with a building on a cliff vulnerable to erosion).  The 

scenarios also assumed that adaptation options 

implemented to protect one area would not have 

negative impacts on another.  The names given to the 

scenarios reflect the descriptive characteristics of the 

adaptation options selected and were not related to 

the total costs or time frame required for 

implementation.  

Scenario 1: Short-term scenario (Current Strategy) 

The short-term scenario was intended to represent 

the ‘quick-fix’ in response to coastal flood damages, 

where shoreline stabilization of Harbour Road utilizes 

Island sandstone with an estimated lifespan of 

approximately 10 years. Buildings on private 

properties and the wharf are repaired to their 

previous condition after storm events. The cost of 

adaptation is the repair cost of the structures. This 

option best represents the current strategy for 

adaptation within the case study area, assuming that 

private property owners will repair damages after a 

storm surge event. 

Scenario 2: Mid-range scenario 

The mid-range scenario involves proactive 

adaptation to reduce the risk of flooding of the 

private properties through the construction of dykes 

with Island sandstone reinforcement to protect 

against erosion of the dyke.  The sandstone will 

require maintenance and replenishment over the 

term of the study period.  Hard reinforcement for the 

access road to the wharf is armour stone (R250), 

which is adequate for medium wave exposure and 

has a lifespan of approximately 20 years. The wharf 

infrastructure is proactively adapted by raising the 

buildings above the 2070 projected flood levels. 

Estimated costs were based on the size of the 

building footprints, is assumed to be a one-time cost.  

After 2070, infrastructure would likely need to be 

raised again as sea level continues to rise. 

Scenario 3: Unlimited Resources 

For the third scenario, the adaptation options for the 

wharf buildings are the same as in Scenario 2. The 

buildings are raised, resulting in a one-time cost.  

Rather than blocking the flood waters with dykes, the 

residential buildings are relocated or raised within 

their current property boundaries.  The secondary 

access roads to the private properties are also raised 

to 2.70m to maintain access.  Harbour Road is 

protected through shoreline stabilization of armour 

stone again and the road is also raised to maintain 

access during a storm surge event.  Raising the roads 

is considered to be a one-time cost and after 2070 

the infrastructure would likely need to be raised 

again as sea level continues to rise. 

Scenario 4 and 5: Close the Wharf 

The final two scenarios involved closing the wharf 

and relocating the fisheries-related infrastructure, 

lobster fishermen, and the mussel farmers to another 

small craft harbour.  Additional costs relating to 

relocation included upgrades required at the new 

location and investments for larger boats required for 

mussel farmers to travel outside of the Bay.  The 

infrastructure at the existing wharf was not repaired 

or replaced when damaged, and Harbour Road was 

left to succumb to erosion. 

For scenario 4, the buildings on private properties 

were to be raised and/or equivalently relocated on 

the existing property. 

For scenario 5, the buildings on private properties 

were relocated to a new location which adds the cost 

of acquiring new land.  
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TABLE 10 ADAPTATION SCENARIOS PROPOSED FOR THE TRACADIE HARBOUR CASE STUDY, IN CONTRAST TO THE ‘BUSINESS-AS-USUAL’ STRATEGY, WHICH 

ASSUMES NO PROACTIVE ADAPTATION STRATEGIES ARE IMPLEMENTED IN THE FUTURE. 

 
PRIVATE PROPERTIES 

WITH BUILDINGS 

ROADS AND OTHER 

INFRASTRUCTURE 
TRACADIE HARBOUR: 

BUILDINGS AND ASSETS 
HARBOUR ROAD 

DESCRIPTION 

OF PROJECTED 

IMPACTS,  

OR LOSSES BY 

2070: 

Damage to 4 residential 
buildings can be 
expected during storm 
surge events in 2060. 

Storm surge flooding is 
not expected to result in 
permanent damage; the 
primary issue is 
temporary loss of access 
to properties. 

Damage can be expected 
on up to 16 buildings at 
the Harbour during 
storm surge events. 

Harbour Road is 
susceptible to erosion 
and flooding during 
storm surge events; if 
the road is lost or 
damaged, access to the 
Harbour will be 
restricted. 

BUSINESS AS 

USUAL 
Repair to previous 
condition after flooding 

Do nothing Repair and rebuild to 
previous condition after 
flooding. 

Rebuild road as 
necessary to maintain 
access. 

1: SHORT 

TERM 

SCENARIO  

(CURRENT 

STRATEGY) 

Repair as necessary after 
flooding 

Do nothing Repair and rebuild to 
previous condition after 
flooding. 

Hard Protection: Island 
sandstone 

2: MID-
RANGE 

SCENARIO 

 

Build dykes with Island 
sandstone for flood 
protection. 

Do nothing Rebuild and raise the 
infrastructure 

Hard Protection: Armour 
Stone (R250) 

3: UNLIMITED 

RESOURCES 
Raise and/or relocate 
buildings within existing 
properties 

Raise the road to 2.6m to 
maintain access 

Rebuild and raise the 
infrastructure 

Hard Protection: Armour 
Stone (R250) plus raise 
the road 

4.  CLOSE THE 

HARBOUR; 
ADAPT 

PRIVATE 

PROPERTIES 

Raise and/or relocate 
buildings within existing 
properties 

Do nothing Do not rebuild (invest in 
nearby facility and 
relocate fishermen and 
mussel farmers) 

Do not rebuild or 
maintain 

5. CLOSE THE 

HARBOUR; 
ABANDON THE 

PRIVATE 

PROPERTIES 

Relocate homes to new 
properties 

Do nothing Do not rebuild (invest in 
nearby facility and 
relocate fishermen and 
mussel farmers) 

Do not rebuild or 
maintain 

 



30 

COST–BENEFIT ANALYSIS 

RESULTS 
For a base line scenario with a ‘business as usual’ 

approach the CBA has assumed that the access road 

to the Harbour will be maintained and therefore the 

revenue of the landings at the Harbour is not at risk 

of being lost. In comparison, if the profits had been 

assumed lost due to climate change — as assumed 

under a ‘do nothing’ scenario — then the value of the 

landings would be included in the value of benefits of 

adaptation under all five scenarios. The added value 

of the benefits (i.e. the landings) would have resulted 

in positive NPV values because the costs of the 

adaptation scenarios was unchanged.  The actual 

results, which include negative NPVs and BCR values 

of less than one, reflect the decision to exclude the 

profits from the benefits of the analysis. The results 

are interpreted by determining the best of the non-

profitable and undesirable options, with the highest 

NPV and BCR values. (See Table 11) 

First a noteworthy trend emerges that indicates that 

protecting the road and harbour infrastructure 

(options 1-3) is preferable over closing the wharf and 

relocating the fishermen (options 4 and 5), regardless 

of which type of protection is considered.  

TABLE 11 SUMMARY OF COST–BENEFIT ANALYSIS RESULTS FOR EACH OF FIVE ADAPTATION SCENARIOS, ASSUMING A 4% DISCOUNT RATE. 

Adaptation Scenarios Total Cost of Scenario Net Present Value 
(NPV) 

Benefit-Cost-Ratio 
(BCR) 

Short term solution 

(current strategy) 

$ 1,281,800 -$ 1,206,000 0.06 

Mid-range solution  $ 2,445,500 -$ 1,468,300 0.40 

Unlimited Resources $ 1,552,100 -$    574,900 0.63 

Close the Harbour and 

Adapt Private Properties 

$ 2,920,400 -$ 1,943,100 0.33 

Close the Harbour and 
Relocate Private Properties 

$ 2,963,000 -$ 1,985,800 0.33 

The best option, the cheapest and most cost effective 

was scenario 3, which includes protecting and raising 

the infrastructure, raising the roads and the buildings 

on the private properties.  This scenario was originally 

characterized as the ‘unlimited resources’ option 

because additional costs were allocated for 

maintaining access to the buildings and 

infrastructure.  Unexpectedly, the results indicate 

that raising the infrastructure was cheaper than 

relocation or protection (i.e. dykes) and the added 

cost for maintained access was not a deterrent to this 

option.   

Scenario 3 also represents the option with the 

longest lifespan and the fewest ongoing expenses 

required to continually maintain the protection.  

Relocation and/or raising infrastructure was 

considered to be a onetime cost. However if the 

project study period extended further, the 

adaptation options selected for this scenario would 

eventually fail as sea level rise is expected to continue 

to rise beyond 2064. 

CASE STUDY SUMMARY 
The climate change risk analysis for the case study 

area drew attention to the inner coastline of Tracadie 

Bay which has been in a state of flux over the past 10 

years.  The breach in the barrier beach in 2010 has 

altered the ebb and flow of water into the Bay, 

making projections based on historic erosion rates 

less reliable.  Similarly, the act of dredging continually 
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alters the conditions in the Bay depending on the 

frequency and the location that the sand is 

deposited.  Where coastal management processes 

such as dredging have a significant impact on the 

coastline condition, the projection of ‘natural’ rates 

of erosion is also difficult.  A more reliable method 

may have been to assume a constant coastal 

management process into the future, eliminated the 

risk of erosion at a cost of continued dredging and 

managed shoreline protection.  Under such 

conditions the risks of coastal flooding, which was the 

primary influence of projected damages, could be 

assessed independently.  

The private properties in the area are at risk of 

flooding from future storm surge events.  The value 

of the buildings are generally not worth the expense 

of constructing a dyke to block flood waters.  It is 

noted however that some of the homes built more 

recently are located on an elevated grade, and 

although they will likely lose access during a 

significant flood event, the structures are not likely to 

be damaged.  For the older homes, raising the 

structures is the preferred adaptation option 

however not cost-effective based on their current 

value.  The prime location is however likely to attract 

development or redevelopment of these properties 

regardless of the potential risks.  The implementation 

of planning and development regulations for an area 

such as this should be a priority to prevent further 

construction within the flood risk zone. 

The preferred adaptation option proposed for the 

harbour infrastructure was to rebuild and raise as 

necessary.  These results are likely influenced by the 

decision to exclude the value of the landings from the 

potential climate change costs, because it is unlikely 

that a significant storm surge event would occur 

during the peak lobster season.  Similarly the 

aquaculture industry was found to be inherently 

resilient.  Stakeholders indicated that with sufficient 

warning time, mussel lines could be lowered to 

reduce damage from high wind and turbulent wave 

action; and, otherwise rising water levels were not 

expected to result in costly damages.  The Harbour 

Authority which currently manages marine 

infrastructure during and after storm surge events is 

generally well adapted.  Considering that raising 

infrastructure to a height to address flood risks in the 

long term, would likely result in a less effective work 

environment for the present day, it is understandable 

why further adaptation has not been implemented.  

Although as a result of past flood events, building 

structures have been designed to be removed and 

rebuilt at a reduced cost; at which time the added 

height is a negligible expense. 

Stakeholders representing the Harbour discussed the 

potential to use a similar methodology to assess 

multiple small-craft harbours across the province for 

use in determining priorities for adaptation and 

identifying the most vulnerable from an economic 

perspective.  The site most likely to be impacted or to 

have the most costly impacts, is not necessarily the 

most cost-effective location to invest in adaptation if 

the revenue and landings from that location do not 

warrant further investment.  The costs and impacts 

associated with relocating fisherman and 

consolidating the infrastructure and resources in 

fewer harbours should be further explored.  As 

opportunities to buy out fishing licenses of retired 

fisherman are presented, the less desirable locations 

to adapt could be gradually phased out.  

In conclusion, the results of the CBA do not 

specifically address one adaptation option over 

another.  Individual property owners may find a more 

cost-effective alternative when assessing their own 

options independently.  The study does however 

present the options from a regional perspective and 

once again illustrates the significance of indirect 

socio-cultural influences on policies and decision 

making in regards to climate change adaptation. 

  



32 

 
CONCLUSIONS 
 

The presentation of the preliminary results to the 

stakeholders resulted in discussions on the 

usefulness of the results, the exercise in general, and 

the potential for future use of the methodology.  

Stakeholders were generally in agreement that the 

results did not adequately represent the value of the 

infrastructure from a socio-cultural perspective.  

Their comments indicated that the indirect variables 

tend to dominate decision making processes, and 

that decisions that impact rural communities are 

rarely made based on economics alone.  

The exercise in general demonstrated the 

importance of engaging a multidisciplinary team 

when conducting a robust CBA analysis.  For the PEI 

case studies, the team included climatologists, 

oceanographers, geomatics specialists, engineers, 

economists and stakeholders. Each field of expertise 

provided input necessary to the detailed CBA that 

was conducted.  A broader range of specialists would 

be required if indirect impacts were to be included in 

the study in further detail. 

The transferability of the study data was recognized 

by some stakeholders who have interests in multiple 

properties (i.e., small craft harbours) and 

infrastructure that is widespread across the Island 

(i.e. transportation infrastructure).  The study 

provides a model for conducting similar CBA on other 

areas but also for sector specific CBAs that cover a 

broader geographic area.   

Both case studies combined public and private 

interests within a single analysis.  Stakeholders 

acknowledged the challenge in interpreting the 

results when values included private properties and 

the costs to adapt them.  Decision making for public 

infrastructure and public properties is more likely to 

be made jointly.  In contrast, private property owners 

are more likely to make decisions based on their own 

investments and their personal financial position to 

invest in the future. 

Even though none of the adaptation scenarios 

proposed for the case studies were found to be 

profitable, where socio-economic influences would 

likely lead to adaptation anyways, the approach was 

found to be useful for narrowing options and setting 

priorities.   

The CBA methodology provides decision-makers with 

comparative values that account for the long term 

benefits of options being considered, in comparison 

to relying on a default of the lowest bidder or the 

quick fix solution.  By presenting all options of 

adaptation together, it also provides an opportunity 

to seriously consider and discuss difficult decisions 

that would involve letting go and accepting that 

change may be inevitable in some areas. 
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APPENDIX 1 

TABLE 12  ESTIMATED UNIT COSTS FOR CONSTRUCTION AND/OR IMPLEMENTATION OF ADAPTATION OPTIONS USED IN THE TWO CBA CASE STUDIES IN PRINCE 

EDWARD ISLAND.  VALUES WERE PROVIDED BY PROJECT STAKEHOLDERS. 

 Adaptation Option: Notes: Lifespan (yr) Unit ($/m) 

H
ar

d
 P

ro
te

ct
io

n
 

Steel sheet pile sea wall 9m in total height with 6m 
buried and 3m exposed 

long term $ 4,500 

 Additional bore hole testing 
fees ($3500/30m) 

 $    116 

Langley sea wall  25 $    350 

Armour Stone shoreline protection  

… R1000   20 $ 1,596 

… R250   20 $    433 

Island sandstone  Assumes stone is owned by 
Provincial Department of 
Transportation, Infrastructure 
and Energy; excavated during 
other road work project 

5-10, or requires 
replacements after 1-
in-100 storm event 

$    220 

Buried Revetment Armour stone stays buried 
but sand needs to be 
replaced 

20-40 $ 1,395 

  Ongoing maintenance costs annual $ 3/m/yr 

Sand Renourishment Importing sand is not 
permitted due to 
environmental regulations 

NA NA 

A
d

ap
ta

ti
o

n
 

Dyke (with protection layer)  

… structural fill Dykes subject to wave action 
also requires protection 

  $ 1,220 

… add Island Stone      $    147 

… add R250 (medium 
wave exposure) 

    $    289 

… add R1000 (high 
exposure areas) 

    $ 1,053 

Raise the road (only applicable for flood protection; not erosion) 

…rebuild to same 
elevation 

    $    765 

...elevate by 2m assumes road damaged prior 
to rebuild 

  $    928 

  proactive rebuild   $    163 
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 Adaptation Option: Notes: Lifespan (yr) Unit ($/m) 

A
d

ap
ta

ti
o

n
 

...Elevate by 4m Assumes road damaged prior 
to rebuild 

  $ 1,090 

  Proactive rebuild   $    325 

...Elevate by 6m Assumes road damaged prior 
to rebuild 

  $ 1,252 

  Proactive rebuild   $    487 

...Elevate by 8m Assumes road damaged prior 
to rebuild 

  $ 1,415 

  Proactive rebuild   $    650 

...Elevate by 10m Assumes road damaged prior 
to rebuild 

  $ 1,577 

  Proactive rebuild   $    812 

A
b

an
d

o
n

m
en

t/
R

el
o

ca
ti

o
n

 

Relocate the road, site specific estimates: 

Kildare (site 1) Includes: 1100m of road + 
property + electrical + 
communication lines 

post 2100 $ 1,286,900 

Kildare (site 2) Includes: 900m of road + 
property + electrical + 
communication lines 

post 2100 $ 1,071,100 

Tracadie Location would remain the 
same due to surrounding 
wetland (see raise the road 
costs) 

post 2100 NA 

Building relocation    

Small (500-1000 ft2,  

No foundation) 

  post 2100 $ 5,000-10,000 

Medium (over 1000 ft2, 
typical house, foundation) 

  post 2100 $    40,000 

Large building  

(multi-story) 

  post 2100 $  250,000 

ADD cost of land when 
relocation is off site 

Based on the average 
ASSESSMENT value of vacant 
properties (< 1 acre) in 
KILDARE 

  $    34,000 

ADD cost of land when 
relocation is off site 

Based on the average 
ASSESSMENT value of vacant 
properties (< 1 acre) in 
TRACADIE 

  $    12,000 
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August 7, 2015 
 
 
Peter Nishimura 
Climate Change Adaptation Specialist 
PEI Communities, Land and Environment 
11 Kent Street   
PO Box 2000 
Charlottetown, PE   C1A 7N8 
 
Dear Mr. Nishimura 
 
RE: Large Economics Study (AP204): Atlantic Coastal Infrastructure and Property 

Atlantic Provinces - Evaluation of Adaptation Options within PEI Case Study Sites
 1.0 BACKGROUND 
Coastal infrastructure and property in Atlantic Canada are increasingly vulnerable to climate 
change impacts such as erosion and flooding. While climate change and its impacts have 
been studied for some time, work on analyzing the vulnerability of communities and 
infrastructure to such impacts, identifying suitable adaptation options and calculating the 
economics of damage resulting from climate change has only recently begun. There is a 
need for economic analysis to be extended to include the costs and benefits of adaptation 
options as the private and public sectors in Atlantic Canada currently have no tested 
protocol to follow when prioritizing the options available to them.  
 
A research team from St. Francis Xavier University (Antigonish, NS) is conducting Cost-
Benefit Analysis (CBA) of climate change adaptation options at six location-specific case 
studies across Atlantic Canada, including two on Prince Edward Island (PEI): (1) Tracadie 
Harbour and (2) Kildare, including Jacques Cartier Provincial Park / North Cape Coastal Drive. 
CBCL Limited completed an evaluation of coastal adaptation options at the two case study 
sites for the PEI Department of Communities, Land and Environment (PEI DCLE). The results 
are presented in this report. 
 2.0 METHODOLOGY 
We considered a list of potential adaptation options and evaluated the suitability of each 
option based on a number of local factors. These factors included geomorphic shoreline 
classification, wave exposure, and longshore sediment transport, as well as the type and 
extent of coastal vulnerability (e.g. erosion, sea level rise / storm surge / flooding, etc.). PEI 
DCLE provided a list of adaptation options to be evaluated for suitability, as well as the 
following GIS data for the case study sites:  
1. PEI shoreline classification. 
2. Property boundaries. 
3. Colour ortho photos. 
4. Case study site boundaries. 
5. Coastal change data (1968-2010), with associated anticipated shoreline positions by 

years 2040 and 2070, assuming the past shoreline change rates remain constant (which 
in some cases cannot be relied upon). 
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6. Anticipated flood extent and coastal recession under various future scenarios (e.g. 
storm surge return periods). 

7. LiDAR elevation data. 
 
A general compatibility table was developed based on the above information (Table 1). The 
table indicates what options are technically suited based on shore type, and the associated 
risks and limitations. For example, while it is technically feasible to install armour stone 
protection along an exposed beach, it would not be recommended without beach 
nourishment. This is because hard structures along a sandy shoreline impede the movement 
of sand, and therefore increase the potential for erosion seaward of the structure and 
further down the shoreline.  
 
Table 1: General Compatibility Matrix for Kildare and Tracadie Sites, PEI 

Adaptation options considered 
by PEI DCLE 

Technical Compatibility 
Potential Risks and 

Limitations
Foreshore Backshore 

Rocky Sandy Marsh Cliff / 
Bluff 

Sand 
Dune Wetland 

EROSION MITIGATION 
Steel Sheet Pile Seawall  
Generally unsuitable for hard soils 

 x x x x x Loss of beach in front of 
structure;
Downdrift erosion for 
exposed shoreline; and
Additional beach 
nourishment 
recommended for sandy 
shore. 

Langley Seawall  x x  x x  
Armour Stone R1000  
For higher wave exposure 

x x  x x  
Armour Stone R250  
For medium wave exposure 

 x x x  x 

Island Stone Shore protection  
For lower wave exposure 

  x   x  
Buried Revetment 
For sandy foreshore 

 x  x x  
Clean sand required

Beach nourishment  x  x x  
Add Vehicle Protection  
Guard rails close to cliff backshore 

x x x x    
FLOOD MITIGATION 
Dyke x x x  x x  
Raise the Road  x x x  x x  
EROSION AND/OR FLOODING POST 2100 
Relocate Road x x x x x x  
Relocate Building x x x x x X  
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We also note that some other coastal engineering options sometimes used for erosion 
protection along exposed shorelines were intentionally left out of the analyses. These include 
series of rock structures either perpendicular to the coast (groin fields) or parallel to the coast
(nearshore breakwaters). Their purpose is to retain sand along the eroding shore, however this 
may then displace the erosion problem further down the coast. Erosion downdrift of rock 
structures is a particular concern for coastlines with strong directionality in longshore sediment 
transport, which is the case at both sites. To mitigate the downdrift erosion, extensive sand 
filling would be required during construction, probably using an offshore sand source with a 
pipeline dredge. Even so, the downdrift beaches may then still erode faster if their sediment 
supply depended on erosion of the bluffs or cliffs that are now protected by the structures. 
Finally, groins or nearshore breakwaters would have permitting requirements and costs far 
exceeding those of the options presently considered by PEI DCLE. 
 
The results of the analyses are presented in the following sections 3 (Kildare) and 4 
(Tracadie).  3.0 KILDARE CASE STUDY 
The coastline along the Kildare case study area is fully exposed to northerly storm waves 
from the Gulf of St Lawrence. Due to the north-south orientation of the shoreline, the 
longshore sediment transport flows from north to south. Therefore erosion at Cape Kildare 
is feeding the downdrift beaches to the south, including at Jacques Cartier Provincial Park. 
 
There has been an ongoing erosion problem at Jacques Cartier Provincial Park, which is 
threatening the road coming close to the shore. Along this section, the PEI Department of 
Transportation and Infrastructure Renewal installed a 100 m-long Langley timber seawall to 
protect the road.  
 
Exposed Outer Shoreline 
In general, hard structures along exposed shorelines are designed to limit erosion, and 
therefore block the release of sediment from the backshore. This limits the supply of sediment 
into the nearshore, which can create erosion problems downdrift for shorelines like Kildare 
with strongly directional sediment transport. Therefore, we are recommending that: 

Relocation be considered if practical, instead of shoreline hardening; and 
If relocation is impractical, hard structures such as seawalls and armourstone use beach 
nourishment in conjunction as part of the solution. Buried revetment and beach 
nourishment are considered suitable, and any other hard structure suitable with caution 
(i.e. must consider downdrift impacts and beach nourishment), as per Table 1. 

 
Inner Shorelines 
For shorelines along inner bays, the issue is primarily coastal flooding. This would warrant a 
combination of dykes and/or raising infrastructure, or relocation.  
 
All options are listed on Maps 1 to 5.  
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4.0 TRACADIE CASE STUDY 
Tracadie Bay is connected to the ocean by two tidal inlets, west and middle. The net 
longshore sediment transport along the exposed northern shoreline is towards the west. 
Historically the west inlet was the only inlet to the bay, providing the navigation route to the 
harbour. The middle inlet opened recently during a storm in the late 2000s, and is now 

s a result the west inlet size has been 
decreasing since 2010. Based on the recent evolution it is plausible that the middle inlet is 
more hydraulically efficient, and will recapture most the tidal flushing while the west inlet 
continues to gradually close. The study area is located around the west inlet, and its gradual 
closure is causing the beaches to grow. Given the rapid pace of recent shoreline change the 
projected 2040 and 2070 shoreline positions may not be reliable.  
 
The beaches along the inlet seem to be growing, notably in front of what appears to be a 
~200m long layer of armour stone (see Google Earth picture in Figure 2) that was 
presumably installed by the property owner at the time the inlet had stronger currents and 
more wave exposure. 
 
The Tracadie study area has 2 distinct zones: exposed beaches to the north, and protected 
bay to the south.  

For the northern exposed beaches, we recommend a do-nothing approach to let the 
inlet shoreline naturally re-adjust to the recent changes in tidal flushing; and 
For the southern area that contains the buildings and roads, the issue is primarily 
coastal flooding. This would warrant a combination of dykes and/or raising 
infrastructure, or relocation.  

 
All options are listed on Maps 6 and 7. 
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Figure 1: Tracadie Bay 2011 Satellite Photo 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2: Tracadie Bay 2013 Satellite Photo  
  Showing Area of Beach Growth 
 
 
 

Direction of net longshore sediment transport
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5.0 CONCLUSIONS AND RECOMMENDATIONS
This report presents the general applicability of flooding and erosion mitigation options for a
scoping level assessment at Tracadie and Kildare. This desktop study was conducted to
narrow down the set of options and better understand their pros and cons. However it is no
substitute for a detailed site specific geotechnical and engineering assessment.
We trust that this information will be useful for the Province to complete the case study costing
work. Please contact the undersigned if you have any questions regarding this report.
Yours vey truly,
CBCL Limited

Prepared By: ..... Reviewed By:
Vincent Leys, M.Sc., P.Eng. ..... Jody MacLeod, P.Eng.
Coastal Engineer ..... Branch Manager, PEI
Direct: (902) 421 7241, Ext. 2508 ..... Direct: (902) 892 0303, Ext. 227
E Mail: vincentl@cbcl.ca ..... E Mail: jodym@cbcl.ca
Attachment
Project No: 141013.01
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Eroding Outer Shoreline
Suitable Options-Buried revetment
-Beach nourishment
Suitable with Caution(consider added nourishment)
-Seawall (steel or Langley)
-Armour stone R1000
Not Suitable Options
-Island stone-Armour stone R250

Flooding Related WashoutSuitable Options
-Add vehicle protection (2070)-Armour stone (2070)
-Relocate road (post 2100)

Flooding of Properties and RoadsSuitable Options for Flooding
-Raising 350m of road to elevation 2.60m-Construction of 350 m of dykes to elevatoin 2.60 m
For erosion, combine with suitable options for eroding outer shoreline(see box above)

Flooding Related WashoutSuitable Options
-Add vehicle protection (2070)-Armour stone (2070)

Wetland with Stable Shoreline(Low Erosion Rate)
-Consider preserving naturalshoreline

Flooded Properties
Suitable Options for Flooding
-Construction of 250 m of dykes to elevation 2.60 m-Raise infrastructure

Backshore Type
Bluff/Cliff
Low Plain
Sand Dune
Wetland

Foreshore Type
Marsh
Rocky
Sandy

2010 shoreline
2040 shoreline
2070 shoreline

Potential Shoreline position
based on past erosion rates
(source:UPEI)

Adaptation Measure
Dykes
Raised Infrastructure2010 -Elevation 2.00 m

2040 -Elevation 2.20 m
2070 -Elevation 2.60 m

1 in 100 year Water Level
(CGVD -source: UPEI)
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Flooding Related WashoutSuitable Options
-Add vehicle protection (2070)-Armour stone (2070)

Flooding Related WashoutSuitable Options
-Add vehicle protection (2070)
-Armour stone (2070)

Eroding Outer ShorelineSuitable Options
-Buried revetment-Beach nourishment
Suitable with Caution(consider added nourishment)
-Seawall (steel or Langley)-Armour stone R1000
Not Suitable Options-Island stone
-Armour stone R250

Backshore Type
Bluff/Cliff
Low Plain
Sand Dune
Wetland

Foreshore Type
Marsh
Rocky
Sandy

2010 shoreline
2040 shoreline
2070 shoreline

Potential Shoreline position
based on past erosion rates
(source:UPEI)

Adaptation Measure
Dykes
Raised Infrastructure2010 -Elevation 2.00 m

2040 -Elevation 2.20 m
2070 -Elevation 2.60 m

1 in 100 year Water Level
(CGVD -source: UPEI)
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Suitable with Caution
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-Armour stone R1000
Not Suitable Options
-Island stone-Armour stone R250

Backshore Type
Bluff/Cliff
Low Plain
Sand Dune
Wetland

Foreshore Type
Marsh
Rocky
Sandy

2010 shoreline
2040 shoreline
2070 shoreline

Potential Shoreline position
based on past erosion rates
(source:UPEI)

Adaptation Measure
Dykes
Raised Infrastructure2010 -Elevation 2.00 m

2040 -Elevation 2.20 m
2070 -Elevation 2.60 m

1 in 100 year Water Level
(CGVD -source: UPEI)
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Eroding Outer ShorelineSuitable Options
-Buried revetment
-Beach nourishment
Suitable with Caution(consider added nourishment)
-Seawall (steel or Langley)-Armour stone R1000
Not Suitable Options
-Island stone-Armour stone R250

Wetland with Stable Shoreline(Low Erosion Rate)
-Consider preserving natural
shoreline

Flooding Related Washout
Suitable Options-Add vehicle protection (2070)
-Armour stone (2070)

Backshore Type
Bluff/Cliff
Low Plain
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Wetland

Foreshore Type
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Sandy

2010 shoreline
2040 shoreline
2070 shoreline

Potential Shoreline position
based on past erosion rates
(source:UPEI)

Adaptation Measure
Dykes
Raised Infrastructure2010 -Elevation 2.00 m

2040 -Elevation 2.20 m
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(CGVD -source: UPEI)
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Eroding Outer ShorelineSuitable Options
-Buried revetment
-Beach nourishment
Suitable with Caution(consider added nourishment)
-Seawall (steel or Langley)-Armour stone R1000
Not Suitable Options
-Island stone-Armour stone R250

Backshore Type
Bluff/Cliff
Low Plain
Sand Dune
Wetland

Foreshore Type
Marsh
Rocky
Sandy

2010 shoreline
2040 shoreline
2070 shoreline

Potential Shoreline position
based on past erosion rates
(source:UPEI)

Adaptation Measure
Dykes
Raised Infrastructure2010 -Elevation 2.00 m

2040 -Elevation 2.20 m
2070 -Elevation 2.60 m

1 in 100 year Water Level
(CGVD -source: UPEI)

Kildare Adaptation OptionsMap 5
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