
Running head: COASTAL PROTECTION SERVICES OF NEARSHORE HABITATS 

 

 

EVALUATION OF COASTAL PROTECTION SERVICES PROVIDED BY NEARSHORE 

HABITATS IN COX BAY, VANCOUVER ISLAND, BRITISH COLUMBIA, CANADA 

 

 

By 

 

LISA CHRISTENSEN 

 

BSc (Honours), University of Guelph, 1989 

A thesis submitted in partial fulfillment of  

The requirements for the degree of 

 

MASTER OF SCIENCE 

IN 

ENVIRONMENT AND MANAGEMENT 

We accept this thesis as conforming to the required standard 

 

-------------------------------------------------------------- 

Dr. Audrey Dallimore, Thesis Supervisor 

School of Environment and Sustainability 

 

 

------------------------------------------------------------ 

Dr. Matt Dodd, Thesis Coordinator 

School of Environment and Sustainability 

 

 

 

------------------------------------------------------------ 

Dr. Chris Ling, Director 

School of Environment and Sustainability 

 

ROYAL ROADS UNIVERSITY  

 

April 2014 

 

© Lisa Christensen, 2014 



COASTAL PROTECTION SERVICES OF NEARSHORE HABITATS 2 
 

 

Abstract 

Coastal and marine resources have been in global decline the past three decades.  Research 

suggests that the decline is due to an undervaluation of ecosystem services. The Natural Capital 

Project (Natcap) has developed models to assess the impact of human activities on the sustained 

delivery of ecosystem services within terrestrial and marine environments.  With the use of 

Natcap models, this case study (located at Cox Bay, Vancouver Island, British Columbia, 

Canada), examined coastal protection services provided by nearshore habitats, and provides an 

economic valuation of these services.  The model results indicate that nearshore habitats do play 

a role in reducing coastal vulnerability and coastal erosion, with an “avoided damages” cost of 

$1 million.  Sand dunes provided the greatest amount of coastal protection, whereas seagrasses 

were found to have a negligible effect.  These outcomes can inform policy and decision makers 

about trade-offs regarding habitat protection, coastal development and climate change 

adaptation. 

 

Key words: ecosystem services, natural capital, coastal protection, nearshore habitats, valuation, 

and climate change adaptation 
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Introduction 

The concept of ecosystem services was first introduced in the 1980’s by scientists who 

began to examine the benefits nature provided to society (Daily, 1997; Ehrlich & Mooney, 

1983).  These include provisioning services such as food and water; regulating services such as 

flood and disease control; cultural services such as spiritual, recreational; and supporting services 

such as nutrient cycling that maintain the conditions of life on Earth.  However, not until the 

2005 Millennium Ecosystem Assessment (MEA) has there been compelling evidence to suggest 

that conserving nature (or natural capital) is not only a social responsibility but one of necessity 

for human prosperity and survival.  Yet, three decades after its introduction, researchers who first 

coined the concept claim the means for practical application or implementation of ecosystem 

services has evaded policy and decision makers (Daily et al., 2009; Mooney, 2011). 

As reported by the MEA (2005a), coastal and marine environments represent some of the 

most productive ecosystems on earth, and therefore provide a number of important ecosystem 

services that support human well-being.  However, continued pressure from human activities 

threatens the sustained delivery of these ecosystem services, with coastal and marine resources 

having suffered significant losses (50% marshes, 30% reefs worldwide) over the last 3 decades 

(MEA, 2005a).  Despite their importance, the ecosystem processes that people rely on for food, 

recreation, coastal protection, and other services, are misunderstood, scarcely monitored, and 

often only appreciated after they are lost (Daily et al., 2009; Heal, 2000; Maler, Aniyar, & 

Jansson, 2008; MEA, 2005a). 

Based on global findings, the biggest threats to coastal and marine ecosystems are 

anthropogenic (MEA, 2005b).  These include land use change and habitat loss, overfishing and 
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destructive fishing methods, aquaculture, invasive species, pollution, nutrient loading and 

climate change; with climate change and invasive species presenting the most irreversible 

challenges.  Similar threats are also found in Canada (BC Ministry of Environment, 2007).  As 

reported by the Province of BC, the biggest risks have been attributed to human activity and 

include, urbanization (human settlement, habitat loss), agriculture, recreation, tourism, resource 

extraction (logging, mining, fishing), and infrastructure (transportation, dams) (BC MOE, 2007).  

As a consequence, many of the 44 provincial ecosystem health indicators used as a metric for 

environmental status in BC reveal a downward trend.  

Recent studies have indicated that the undervaluation of non-market goods and services 

that flow from nature, has led to the depletion and degradation of marine resources and 

ecosystems (Barbier, 2012; Daily, 1997; Goulder & Kennedy 2011; Philcox, 2007; Molnar, 

2011).  Furthermore, some of these same authors (Daily et al., 2009; Goulder & Kennedy, 2011; 

Philcox, 2007) suggest that the integration of non-market values into policy and decision-making 

of these services is critical to avoid further loss.  Since the benefits of those ecosystems are often 

not traded in formal markets, no price signal of change in their supply or condition is conveyed.  

This is seen as a major driver that leads to land conversion and the sustained loss in coastal and 

marine resources (Daily, 1997).   

Another concern is the social dimension and the lack of understanding of humanity’s 

connection with the natural world (Leschine, 2010).  As suggested by Leschine (2010), questions 

for further study should come from an integrated assessment that considers the linkages that bind 

both social and natural systems.  To help improve decision-making, it is important to recognize 

the human dimension and the value society places on protection.   This means protecting our 
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natural resources goes beyond scientific facts and figures, and moves into a realm of societal 

values, norms and behaviours that are associated with the study of social science (Social Science 

Advisory Committee, 2011).   

Yet to date, social science has played a confined role in terms of informing ecosystem 

management (Salz & Loomis, 2005).  Social science contributions represent more than managing 

conflict or public consultation processes; they can pursue explanations about how and why 

people affect the environment, and how the environment affects human well-being.  In fact, 

social science can help to inform what kinds of policies or approaches are needed to change 

human behaviour best suited for long term sustainability (SSAC, 2011; Wellman et al., 2011).  

For example, shoreline armouring is an immediate reaction by many coastal property owners in 

response to erosion loss due to storms.  Even though the result of their actions may damage fish 

habitat, obstruct public beach access or accelerate erosion on neighbouring properties, they 

choose to protect their property at the risk of other ecological and/or social implications.  Thus, a 

broader understanding of the social condition that addresses “why people do what they do”, 

could inform environmental public policy in order to shape new societal norms and behaviours 

that promote sustainable interactions with nature (SSAC, 2011).  

Supported by the MEA (2005a) findings, a changing climate and population expansion 

are creating additional pressures on coastal and marine environments. Consequently, climate 

change experts argue society needs to better prepare for adaptive decision-making (Lemmen, 

Warren & Lacroix, 2008).  Based on current predictions, over the coming decades, BC is 

expected to experience increases in surface temperatures, extreme weather events, pest 

infestation, forest fires, and water shortages (Walker & Sydneysmith, 2008).  Moreover, with the 
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melting of glaciers and ice caps, the relative mean sea level for BC is predicted to rise up to 0.5 

m by the end of the century (Bornhold, 2008).   

In response to some of these global challenges, the Natural Capital Project (Natcap) was 

established in 2006 as a research-based partnership between Stanford University, Minnesota 

University, Nature Conservancy and World Wildlife Fund.  Since then, Natcap has developed 

scientifically rigorous and innovative software tools that aim to integrate the values of nature and 

human well-being.  These tools are publicly available online and intended for use by 

organizations (government, non-profits, and corporations) that manage natural resources for 

multiple uses.  In so doing, they have developed a suite of InVEST (Integrated Valuation of 

Environmental Services and Trade-offs) tools that quantify the biophysical and socio-economic 

components of natural capital found within terrestrial and marine environments.  These tools 

focus on spatially explicit models that incorporate ecosystem services as a natural capital into 

organizational decision making in support of ecosystem based management (EBM), marine 

spatial planning (MSP) and climate adaptation planning (CAP).  Consequently, in this thesis, 

these models will be used to evaluate the coastal protection services provided by nearshore 

habitats, located on the west coast of Vancouver Island, BC, Canada (see Figure 1).   
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Figure 1.  General study area location: west coast of Vancouver Island (WCVI), British 

Columbia, Canada, in the northeast Pacific Ocean. (Source: Nikater, 2007). 

Study Site and Research Objectives 

The case study site is a coastal sandy beach located at Cox Bay, Vancouver Island, BC, 

Canada, situated on the Esowista Peninsula (see Figure 2).  In light of the research that links the 

depletion of coastal and marine ecosystems to the undervaluation of nonmarket goods and 

services, the objective of this case study is to place a dollar figure on the coastal protection 

services provided by nearshore habitats.  Therefore, the purpose of this research is three fold a) 

to describe the role of nearshore habitats in providing coastal protection (ecosystem) services b) 

to describe the role of ecosystem services in providing benefits to society, and c) to apply 

Natcap’s marine InVEST Models to valuate ($) the coastal protection services provided by 

nearshore habitats at the Cox Bay study site, Vancouver Island, BC.   

 

Pacific Ocean 

Puget Sound 

http://upload.wikimedia.org/wikipedia/commons/d/de/Vancouver_clayoquot_sound_de.png
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Figure 2.  Cox Bay study site, Esowista Peninsula (near Tofino), Vancouver Island, BC, Canada. 

(Source: Google Earth, 2014) 

Based on the thesis findings, recommendations are included to inform local and regional 

policy and decision-makers regarding activities that may impact the delivery of ecosystem 

services in BC.  According to a regulatory review conducted by West Coast Environmental Law 

(WCEL; a Vancouver based public interest environmental law group), the protection of 
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nearshore habitats in BC has been largely overlooked (Nowlan, 1999).  Although each level of 

government (federal, provincial, municipal) in Canada has different constitutional or 

jurisdictional powers over different areas, there is no specific law that protects coastal habitats.  

This often leads to jurisdictional uncertainty and inaction when it comes to habitat protection, 

leaving governments to operate in autonomy.  Unlike the Washington State Shoreline 

Management Act (Washington State Department of Ecology, n.d), where the planning and 

protection of shorelines in the public interest is legislated, no coordination of land use activities 

is required within BC.  There is some legislative authority provided under the Federal Oceans 

Act for integrated coastal management, however, this is usually reserved for large ocean 

management areas such as the Pacific North Coast Integrated Management Area (PNCIMA) 

(DFO, 2011a).  As a consequence, WCEL claims that the current regulatory framework is 

inadequate.  Thus, the recommendations in this thesis are intended to highlight the need for 

nearshore habitat protection in BC. 

Hereafter, this thesis presents the findings of a single case study with the examination of 

coastal protection services provided by nearshore habitats at Cox Bay, Vancouver Island, BC 

(see Figure 2).  To help convey the description of potentially unfamiliar concepts and models, 

the next three sections (Methods, Results, Discussion) are divided into the following categories: 

nearshore habitats, ecosystem services, and marine InVEST Models. 

Nearshore Habitats  

Defining factors. Coastal and marine environments are extensive worldwide.  They can 

begin up to 100 km inland, and extend seaward to the continental shelf (MEA, 2005b).  As the 

name suggests, the nearshore is the zone closest to shore (up to 50 m in depth depending on local 
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light conditions) and is globally comprised of distinct ecosystems that include nearshore habitats 

such as estuaries, coastal wetlands, marshes, mangroves, sand beaches and dunes, seagrass beds, 

and coral reefs (Barbier, 2012; Gregr, Lessard & Harper, 2013; MEA, 2005b; Natcap, 2013a).  

Bounded by three oceans (Pacific, Arctic and Atlantic), Canada boasts the longest coastline of 

any country, with a nearshore zone that measures over 200,000 km (NR Can 2001).   

Accordingly, distinguishing nearshore habitats depends on their physical location.  Thus 

coastal and marine ecosystems are defined by a set of oceanographic forces that include both 

physical and geomorphic attributes, such as temperature, depth (or elevation), substrate, salinity, 

and wave energy (Dethier, 1990; Thomson, 1981).  The resulting mosaic of these dynamic 

attributes, to a large extent, determines the distributions and interactions of marine plants and 

animals that make up nearshore habitats (Dethier, 1990).  Because of natural variability however, 

nearshore habitats often exhibit unique spatial and temporal characteristics even within the same 

geographic region (Dethier, 1990).    

In the Pacific Northwest (PNW), coastal and marine environments are bounded 

geographically by temperate rain forest watersheds that flow into the northeast Pacific Ocean, 

extending from northern California to southern Alaska (Sightline Institute, 2009).  Nearshore 

habitats found in this region primarily consist of eelgrass, kelp, rock reefs, sand beaches and 

dunes (Gregr et al., 2013; Natcap, 2013b), and exist within the intertidal zone (Mean Low Low 

Water to the backshore) or sub-tidal zone (Mean Low Low Water to the continental shelf) 

(Dethier, 1990).  Intertidal and sub-tidal zones usually consist of bedrock, cobble, gravel, and 

sand, and depending on their proximity to freshwater inputs, exhibit only a slight range in 

salinity (Dethier, 1990; Thomson, 1981).  In the PNW, wave or current energy fluctuates 
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throughout the year, with waves dominating from southeasterly winds in the winter, and 

northwesterly winds in the summer (Beaugrand, 2010).  Depending on the degree of vertical 

mixing, sea temperatures for the winter months measure around 8
o
C while during the summer, 

the intensity of the solar heating can raise sea surface temperatures to 18
o
C (Thomson, 1981).  

Collectively, these oceanographic forces play a critical role in defining nearshore habitats.  The 

photos in Figure 3 represent examples of nearshore habitats found in the Cox Bay intertidal zone.  

  

  

Figure 3. Photos 1–4 of nearshore intertidal habitats at the Cox Bay study site. Photos: 1) 

intertidal zone at low tide, 2) vegetated foredune (note shoreline armouring or buttressing with 

rock and vertical timber posts at far end), 3) detached kelp providing beach nutrients, 4) dune 

1 2 

3 4 
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grass and woody debris at base of foredune; important natural features in beach formation and 

transition. Photos were taken by L. Christensen (November, 2012).  

Geological history. Oceanographic forces have also played a critical role in the 

evolutionary land formation of the 35,000 km of BC coastline (Gregr et al., 2013; Thomson, 

1981, Yorath, 2005).  Through a succession of glaciations (the last one about 20,000 years ago), 

the BC coast has been carved into rocky, steep-walled fjords with some gentle shoreline 

topography (BC MOE, 2006; Thomson, 1981; Yorath 2005).  During de-glaciation, the melting 

of the ice scoured the landscape, and carried with it massive amounts of sediment, leaving 

behind sand deposits that now form coastal sand and gravel beaches (making up approximately 

20% of the WCVI shoreline, the remainder of which is mostly rock; BC Ministry of Citizens and 

Open Government, 2011).  Once the land rebounded from the weight of the ice, sea levels began 

to stabilize about 6,000 years ago, lowering its elevation (Yorath, 2005).  

Evolutionary forces that have shaped Vancouver Island are still active today (Yorath, 

2005).  The most vulnerable areas continue to be those along the outer coasts and inlets. For 

example, the Cascadia subduction zone (see Figure 5) runs along the WCVI, where two tectonic 

plates meet, and is a major source of earthquakes (Clague, Bobrowsky, & Hutchinson, 2000).  

Earthquakes can cause large tsunamis; mostly triggered by subduction earthquakes beneath the 

Pacific Ocean, principally off southern Alaska and along the Cascadia subduction zone.  In BC, 

it is estimated that tsunamis strike the coast on an average of once every 500 hundred years.  The 

last large tsunami generated by an earthquake at the Cascadia subduction zone was in 1700.  

However, more recently, in 1964, a large tsunami generated by an Alaskan earthquake hit the 

outer coast of BC, causing significant damage along the coastal inlets (Clague et al., 2000). 
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The aerial photo (see Figure 4) depicts what the study area looks like today, with a view 

north over Esowista Peninsula, including Cox Bay, Chesterman Beach, and surrounding areas.   

 

 

Figure 4. Aerial view of Esowista Peninsula, Vancouver Island, BC.  Cox Bay and Chesterman 

Beach are visible at the south end.  A satellite image of the peninsula is also provided (inset: 

Figure 2) for comparison and scale. (Source: photo courtesy of Stuart May). 

Sand dunes.  Coastal sand dunes are one of Canada’s rarest ecosystems and exist in very 

few places (Parks Canada, 2011).  According to Parks Canada (2011), these rare and fragile 

ecosystems make up less than 1% of BC, and exist in 3 major areas: a) west coast of Vancouver 

Island, b) southeast coast of Vancouver Island (including the adjacent islands in the Strait of 

Georgia), and c) Haida Gwaii (formerly called Queen Charlotte Islands) (BC MOE, 2006) (see 

Figure 5).  Some of the most prominent sand dune sites are situated on the west coast of 

Vancouver Island in the Pacific Rim National Park Reserve (PRNPR) (see Figure 5), which 

attracts close to 1 million tourists annually (BC MOE, 2006).  However, over the last 100 years, 

anthropogenic activities have reduced coastal sand dunes by 56% in BC; primarily due to 
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destruction from coastal development, sand supply disruption from shoreline armouring, invasive 

plants, and dune destabilization from foot and vehicular trampling (Parks Canada, 2011).  

Consequently, in an effort to restore these rare ecosystems, Parks Canada has initiated a 

restoration project in the PRNPR, with a focus on invasive species removal.  The present BC 

range of the coastal sand dune ecosystems is illustrated in Figure 5 (adapted from BC MOE, 

2006), with some of the major coastal dunes sites highlighted.  

 
Figure 5. Present BC range of coastal sand dune ecosystems. Major dune sites are highlighted 

(adapted from BC MOE, 2006).  Note, the red dotted line is the northern extent of the Cascadia 

Subduction Zone in the Pacific Northwest, and is a major source of earthquakes.  
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It is not clear the exact area of coastal sand dune systems in BC, however, a status report 

estimates the number to be 2548 ha, of which 85% are protected as a National or Provincial Park 

(Page, Lilley, Walker & Vennesland, 2011).  On Vancouver Island, this area is estimated at 245 

ha, of which 87% is protected as park, with the remaining areas associated with private, Indian 

Reserve or crown land ownership (Cox Bay falls within the 13%). The most common type of 

coastal dune is a foredune as seen in Cox Bay (see Figure 3, Photo 2); a shore-parallel dune ridge 

that backs a beach, commonly vegetated with dune or beach grasses, as well as various tree 

species, such as spruce, pine, hemlock and red alder.  For replenishment, PRNPR is considered a 

primary source of local sand supply for the dune systems on WCVI (Page et al., 2011).  

As their location suggests, coastal sand dune formation relies on highly dynamic 

ecosystems.  They form at low lying coastal areas where sand and wind combine with vegetation 

to produce dynamic geomorphic structures (BC MOE, 2006; Page et al., 2011; Parks Canada, 

2011).  Hence, this unique ecosystem, bounded by the ocean and forest, includes both marine 

and terrestrial components.  Depending on the direction, intensity and size of ocean winds, 

waves, and tides, the oceanographic forces change over time, leading to periods of active beach 

building alternating between periods of stability and erosion.   

Consequently, winds and waves pick up and transport exposed and/or suspended 

sediments and redeposit them elsewhere along shore; a key coastal process known as sediment 

transport (BC MOE, 2006).  When the gravitational pull is strongest (usually in the spring), 

storm surges can bring higher than normal energy waves  as well as the most damaging 

oceanographic forces to shorelines (Capital Regional District, 2014); with the exception of 

Tsunamis which are caused by earthquakes (Clague et al., 2000).  In controlling the 
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transportation of sediment, waves can substantially change the profile and sediment composition 

of the beach and in so doing affect the type of habitat that develops (e.g., steep beaches provide 

limited habitat for plants and animals compared to gently sloping shorelines).  In combination 

with currents and tides, waves also help to supply the nutrients (see Figure 3, Photo 3) which 

support the various organisms that live along the shore (CRD, 2014). 

Seagrasses. The convergence of land and ocean on the WCVI produces one of the most 

biologically and geographically diverse areas in Canada, and is host to a wide range of coastal 

and marine ecosystems (Molnar, 2011; Natcap, 2013a).  Seagrasses, such as eelgrass and kelp, 

are typically found either partially or fully submerged in intertidal or sub-tidal coastal waters.  In 

the Esowista Peninsula, kelp is scattered along the edges of the coastline and bedrock islands. 

They prefer deeper waters (up to 20 m) (Harper & Morris, 2008), with rocky substrates to anchor 

their holdfast, and need sufficient light and wave action to facilitate nutrient cycling (Dayton, 

Tegner, Parnell, & Edwards, 1992).  Eelgrass on the other hand, is less tolerant of high wave 

energy and has higher light requirements (Jones and Stokes Associates, 2006), and is therefore 

usually found in more sheltered areas, at shallow depths, and on sandy-gravel substrates.  

Consequently, almost all marine life depends on nearshore habitats to support their life 

cycle, either directly or indirectly.  In particular, estuaries, mangroves, lagoons, seagrasses, and 

kelp forests serve as important nurseries, providing food and refuge for juvenile fish, 

invertebrates and other species; while beaches, dunes, saltmarshes and mudflats play an 

important role in the life cycle of fish, shellfish, and birds (Barbier et al., 2011).  Seagrasses, 

including kelp and eelgrass, protect these species from predators and provide food in the form of 

leaves, detritus and epiphytes (Barbier et al., 2011).  In the temperate region of the PNW, 
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shallow nearshore zones provide critical nurseries for juvenile fish that utilize eelgrass, kelp and 

rock outcrops before they move into the deeper waters as they mature (Dean, Halderson, Laur, 

Jewett, & Blanchard, 2000; Gamelin, 2006).  

Due to regional variability however, nearshore habitats change over time, both between 

seasons and over longer periods of time (Dethier, 2006).  This leads to changes in habitat density 

and species assemblages throughout the year.  Together with the oceanographic forces (e.g., 

currents, tides, wind and wave), shifts in biophysical and biological factors help shape ecosystem 

form and function within a complex coastal environment.      

Ecosystem Services 

Under the auspices of the United Nations, the MEA (2005a) was carried out to assess the 

consequence of ecosystem change to human well-being in an effort to enhance the conservation 

and sustainable use of ecosystems worldwide.  Based on global conditions and trends, their key 

findings indicated that coastal and marine ecosystems are among the most productive, yet 

threatened ecosystems in the world.  It was also determined that the major drivers of change are 

anthropogenic (MEA, 2005a, b).  Figure 6 highlights the anthropogenic drivers of change and the 

current status of widely recognized coastal and marine ecosystems worldwide (MEA, 2005b).   

 

 

 

 

 

Figure 6.  MEA findings on the current status of coastal and marine ecosystems.  *US figures 

only; all others are global conditions based on available data (MEA, 2005a, b). 
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Another notable outcome of the report is its conceptual framework, which includes 

people as an integral part of ecosystems.  Thus, the MEA focuses on examining the linkages 

between ecosystems and human well-being, and in particular on the “ecosystem services” or 

“benefits” (“  “ sometimes used interchangeably) that people obtain from ecosystems (MEA, 

2005a,b).  This is a particularly important shift as with previous approaches to management, 

environmental impacts from human activity were often considered an externality; and as a 

consequence, human actions were less attributable to either cause or effect within the 

environment (Molnar, 2011).   

More recently, incorporating the impact of human activities has taken on a renewed 

emphasis and some institutions have developed environmental policies that focus on an 

integrated approach to management.  For example, Fisheries and Oceans Canada (DFO) has 

developed a science framework policy that moves away from activity or single species based 

management and towards an ecosystem approach to science.  As part of this approach, DFO 

considers the cumulative impacts of multiple stressors or impacts, and is thereby committed to 

looking at new ways of managing human interactions within the marine environment (DFO, 

2007; DFO, 2011b).  However, the policy does stop short in defining “ecosystem services”; and 

in doing so, excludes their contribution as services or benefits from the decision framework.  

Other researchers have examined the concept of ecosystem services closely, and although 

they agree with the approach, they consider the typology ambiguous (Johnstone & Russell, 

2011).  Consequently, they have made their own interpretations or adjustments to the MEA 

conceptual framework.  Most notably, Barbier et al. (2011) and Wilson (2010) made 

modifications to the MEA typology (see Table 1); which they regrouped, renamed or expanded 
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depending on what they considered to be key services. Yet it was found that the MEA approach, 

although simple, remains relevant for the purpose of introducing the topic, and hence this thesis 

study.  Keeping the concept simple also helps to demystify a common misconception about 

ecosystem services.  Although the concept is similar to ecosystem based management (EBM) - in 

that they consider ecosystem form, function and process – an ecosystem services approach 

connects an ecosystem component with a service that benefits society.  For example, to account 

for ecosystem services with respect to coastal development, managers would consider the coastal 

protection services provided by nearshore habitats at risk of harm or loss due to development.  In 

the case of eelgrass, that would require considerations to move beyond the physical loss of a 

nursery area for fish, and include its function (or“service”) to protect coastlines through wave 

attenuation.   

Coastal and marine ecosystems provide a wide range of services to human society that 

define human well-being, including food provision, shoreline protection against storms and 

floods, water quality maintenance, tourism and other cultural and spiritual benefits (MEA, 

2005a,b).  They maintain biodiversity and the production of ecosystem goods, such as seafood, 

forage, timber, biomass fuels, natural fiber, as well as pharmaceutical and industrial products. 

Moreover, the trade of these goods represent an important part of the human economy.  In 

addition to the production of goods, ecosystem services maintain the actual life-supporting 

functions, such as cleansing, and recycling.  

As defined by MEA (2005a, b), there are four main types of ecosystem services, which 

are highlighted below.  The benefits these services provide are further described in Table 1. 
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 provisioning services such as food, water, timber, and fibre; 

 regulating services such as the regulation of climate, carbon sequestration, floods, 

erosion, disease, wastes and water quality; 

 cultural services such as recreational, tourism, spiritual, traditional knowledge, and  

 supporting services such as sediment transport, primary productivity, nutrient cycling. 

Table 1. Ecosystem Services and Benefits 

Type of Service Ecosystem Processes and 

Functions Provided 

Service (or Benefit) Provided 

i) Supporting Sediment Transport 

Nutrient Cycling 

Primary Productivity 

Sediment supply for beach 

creation; habitats, nursery 

grounds; biodiversity 

ii) Provisioning Food Productivity 

Water Storage + Purification 

Fuel + Fiber Productivity 

Medicinal Productivity 

Income; food supply; building 

materials; clean, potable water, 

and; healthcare 

iii) Regulating Wave Attenuation + Dissipation 

Hydrological Balance 

Soil + Sediment Stabilization 

Carbon Sequestration 

Coastal protection; public safety; 

flood regulation; erosion control, 

and; climate control 

iv) Cultural Spiritual 

Recreation + Tourism 

Aesthetic 

Spiritual and aesthetic, eco-

tourism, recreation such as 

surfing, hiking, photography 

Note: Four types of ecosystem services are used to describe the various ecosystem processes 

and/or functions that support human well-being.  Adapted from MEA (2005b) and Leschine 

(2010). 

Despite the benefits derived from nature, many of these services do not hold market value 

and are therefore undervalued in our marketed economy.  As a consequence, limited valuation 

data are available on what these services are actually worth to society.  In BC, the Suzuki 

Foundation (Wilson, 2010) and PNCIMA (Molnar, Clarke-Murray, Whitmore, & Tam, 2009) 
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conducted studies to estimate the value of non-marketed ecosystem services. One study in 

particular took place in Vancouver, BC (see Figure 1); a major Canadian urban centre with a 

population of over 2.5 million. The total value for all benefits calculated for the city’s natural 

capital (terrestrial and freshwater habitats), was estimated at $5.4 billion per year.  This study for 

the first time quantified the economic benefits provided by non-marketed goods and services for 

this area.  The only other known study was conducted in Puget Sound, Seattle, Washington (see 

Figure 1). This study estimated their present value for drinking water, recreation, and aesthetic 

among other ecosystem services between $305 billion and $2.6 trillion dollars (Wilson, 2010).   

Regulating services of nearshore habitats.  Regulating services are the focus of this 

thesis and as described above, are considered the benefits people obtain from the regulation of 

ecosystem processes and functions (Barbier et al., 2011; Daily, 1997; MEA, 2005a, b).  As 

reported by the MEA (2005b), ecosystems such as mangroves, seagrass, rocky intertidal, 

mudflats, and deltas play a key role in shoreline stabilization, flood protection, soil erosion, 

processing pollutants, stabilizing land by trapping sediments, and buffering land from storms; 

while estuaries, marshes, and lagoons, play a critical role in maintaining hydrological balance 

and filtering pollutants.  As found by Barbier et al. (2011), dune systems and seagrasses are 

especially important in trapping sediments (acting as sediment reserves) and stabilizing 

shorelines.  Table 2 highlights the services provided by a range of nearshore habitats found 

worldwide (Barbier et al., 2011; MEA, 2005b).     
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Table 2. Ecosystem Services Provided by Coastal and Marine Habitats 

Ecosystem 

Service Type 

(or Benefit) 

Estuaries, 

Marshes 

Mangroves Salt 

marshes, 

Lagoons 

Kelp Eelgrass Rocks, 

Shell 

reefs 

Coral 

reefs 

Sand 

Dunes 

Regulating Services 

Flood 

Regulation 

X X X X X X X X 

Storm 

Protection 

X X X X X X X X 

Erosion 

Control 

X X X 

 

 X  X X 

H20 Storage + 

Filtration 

X  X     X 

Atmospheric 

Regulation 

X X X X X X X  

Provisioning Services 

Food  X X X X X X X  

Fibre, Fuel, 

Raw Material 

X X X     X 

Medicine X X X X   X  

Potable H20 X X X      

Cultural Services 

Spiritual, 

Ceremonial 

X X X X X X X  

Recreation, 

Tourism 

X X X X   X X 

Aesthetics X X X     X 

Education X X X X X X X X 

Supporting Services 

Nutrient 

Cycling 

X X X X X X X  

Primary 

Productivity 

X X X X X X X X 

Sediment 

Transport 

X  X  X   X 

Nurseries X X X X X X X X 

Note:  For each Ecosystem Service Type, “X” indicates which coastal and marine habitats 

provide a significant amount of ecosystem service (or benefit) to humans. Text highlighted in red 

is the focus of this thesis study.  Adapted from Barbier et al. (2011) and MEA (2005b). 
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Sand dunes.  Sand dunes form at low lying coastal margins, and therefore act as an 

important physical barrier between the marine and terrestrial environment.  Consequently, 

coastal protection is one of the most valuable services provided by sand dune ecosystems 

especially in the face of extreme storms, hurricanes and sea level rise (Barbier et al., 2011; Defeo 

et al., 2009; Natcap, 2013a).  As waves reach the shoreline they are attenuated by the beach slope 

and at high tide, by the dune.  However, sand dunes vary in their ability to attenuate waves 

depending on their morphology, presence of vegetation and sand supply from the beach; thus 

controlling the amount of coastal erosion and shoreline protection (Barbier et al., 2011).  

Beyond their physical presence, coastal sand dunes provide a range of ecosystem 

services, many of which are essential to support human uses (Barbier et al., 2011; Defeo et al., 

2009).  As reported by Defeo el al. (2009), the many important ecosystem services provided by 

sand dunes include,  

“(1) sediment storage and transport; (2) wave dissipation and associated buffering against 

extreme events (storms, tsunamis); (3) dynamic response to sea-level rise (within limits); (4) 

breakdown of organic materials and pollutants; (5) water filtration and purification; (6) 

nutrient mineralisation and recycling; (7) water storage in dune aquifers and groundwater 

discharge through beaches; (8) maintenance of biodiversity and genetic resources; (9) 

nursery areas for juvenile fishes; (10) nesting sites for turtles and shorebirds, and rookeries 

for pinnipeds; (11) prey resources for birds and terrestrial wildlife; (12) scenic vistas and 

recreational opportunities; (13) bait and food organisms; and (14) functional links between 

terrestrial and marine environments in the coastal zone” (p 3). 
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However, many of these ecosystem services are only fully appreciated after they are lost. 

For example, coastal populations on the eastern shore of the United States (US) are facing the 

consequences of many of these lost services in the aftermath of Hurricane Sandy (2012).  Its 

landfall affected six states along the eastern shores of the Atlantic Ocean, with storm waves and 

surges destroying sand dunes, eroding beaches, as well as dismantling shoreline protective 

structures, and building foundations (US Geological Survey, 2013).  One estimate claims 

Hurricane Sandy has caused 182 deaths and $65 billion dollars in property damage (The 

Guardian, 2013).  Up until then, Hurricane Katrina (2005) was considered the deadliest and most 

costly storm in the US since 1900 (National Oceanic Atmospheric Administration, 2005).  Both 

recoveries are still ongoing.  

Seagrasses.  Wave attenuation is a key function of seagrasses as it forms plant material 

obstructing the water column, including vegetative leaves, stems, and roots; leading to a 

reduction in current velocity and attenuation of wave energy (Koch et al., 2009).  

Geomorphology and bathymetry (as in water depths) in relation to habitat also play a key role in 

wave dissipation (Chen, Sandord, Koch, Shi, & North, 2007).  Consequently, some habitats may 

not provide full coastal protection at all times or space, and therefore some researchers (Barbier 

et al., 2008; Koch et al., 2009) claim there is a non-linear relationship.  For example, the wave 

attenuation by some seagrasses may be at a maximum during summer when plants are 

reproducing, at medium levels in spring and fall and non-existent during winter, when density 

and biomass are low (Chen et al., 2007). 

Seagrasses also contribute to wave attenuation via sediment trapping.  As currents and 

waves are attenuated by plants, sediment particles may be deposited (Gacia, Granata, & Duarte, 
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1999).  Dissipation of wave energy is also a direct function of the percentage of the water 

column occupied by vegetation and is maximized when scaled to plant size (Fonseca & Cahalan, 

1992).  As a result, wave attenuation will depend on tidal level and height of biotic structures.  

Overall coastal protection varies with latitude and should be highest when the tide is low and the 

biomass of biotic structures is at its maximum.  As such, the value of coastal protection is 

expected to change seasonally (Coops, Geilen, Verheij, Boeters, & van der Velde, 1996), 

especially in temperate areas where vegetation can vary dramatically.  

Habitat quality of nearshore habitats may also influence wave attenuation.  Accordingly, 

stressed organisms should have lower biomass and density, leading to lower wave attenuation 

(Coops et al., 1996).  Although these stresses may be natural (seasonal fluctuations) others may 

be anthropogenic in nature, and can be the primary cause of loss of habitat or function.  

Consequently, the predominant anthropogenic threats for Cox Bay, as with other populated 

coastal beaches, are considered to be related to coastal development and shoreline armouring 

(Moffat and Nichol Engineers Corporation, 2011).  

Marine InVEST Models 

Natcap’s aim is to help integrate ecosystem services into institutional decision making, 

and therefore has produced a broad suite of InVEST Models to quantify a wide range of 

ecosystem services for terrestrial and marine environments.  The models are a free, open source 

product, consisting of software downloads, user guides, and step-by-step data entry instructions; 

available on the Natcap website (http://www.naturalcapitalproject.org/).   

Designed for use as part of a decision-making process amongst multiple stakeholders, 

they are intended to help identify critical management decisions, and how the provision of 
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services might change in response to those decisions.  Based on projected scenarios, the models 

quantify and map selected ecosystem services.  The outputs of these models then provide users 

with information about costs, benefits, and trade-offs (see Figure 7) (Natcap, 2013a).   

  

Figure 7. How Natcap models work.   As the tiers increase (0–3), so does model complexity and 

input requirements. For best results (trade-offs), Natcap recommends stakeholder involvement.  

Model selection depends on a number of factors, including the type of ecosystem service 

being measured, data availability and output requirements by the user.  The model outputs 

typically involve spatial maps, however as the complexity of the models increase so do their 

input requirements, and consequently their outputs.  This thesis study involved the application of 

the Coastal Protection Toolbox, which consisted of Tier 0 Coastal Vulnerability (CV) and Tier 1 

Coastal Protection (CP) Models.  Since public consultation was beyond the thesis scope, no 

stakeholder engagement was sought.  Therefore, the scenarios were simply based on projected 

management actions that included various levels of habitat loss.   
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At the time of this study, ArcGIS was a requirement to run the spatially explicit data, 

however, other platforms are currently being developed to allow increased user-ability, that do 

not require specialized skill or access to licenced products (Natcap, 2013b).  

Methods 

The methods will include application of the Marine InVEST Coastal Vulnerability and 

Erosion Protection Models which make up the Natcap Coastal Protection tool box as part of a 

single case study at Cox Bay, Vancouver Island, BC (see Figure 2).  These models have been 

selected as they incorporate coastal protection services of nearshore habitats and provide an 

economic valuation (the only models found to valuate ES).  To examine the linkages between 

various attributes, the Natcap models are based on production functions that define how nature’s 

structure and function affect the flow of ecosystem services (Natcap, 2013b).  The model inputs 

include: nearshore topography, bathymetry, tidal elevation, wind/wave field, water depth, 

benthic habitat, beach sediment size, backshore characteristics, and property values.   

The models are spatially explicit (Arc GIS) and produce text files, diagrams and maps as 

outputs.  The models are flexible, and depending on data availability, can address concerns on 

either a local, regional or global scale.  Where there is limited input data, default options are 

provided based on fixed standard calculations determined by Natcap, however, this will likely 

affect the quality of outputs (Natcap, 2013b).  In general, the more local data available, the better 

the results.  Once the model runs are complete, the outputs can then be shared with stakeholders 

or decision makers to make informed trade-off decisions based on various management actions 

(Natcap, 2013b).  
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Model outputs are easy to understand and with a spatial platform can be overlaid with 

other spatial information for users to perform further analysis; which can then be used as a 

communication tool.  By showing the areas where coastal populations are threatened and 

highlighting the relative role of natural habitat at reducing exposure, the model can be used to 

examine how specific management actions or land use changes can affect the risk of exposure to 

coastal communities (Natcap, 2013b).  

In 2012, Natcap piloted a number of the InVEST Models in Canada as part of a marine 

spatial planning project along the WCVI (see Figure 1).  In partnership with West Coast Aquatic 

(WCA), a non-profit organization, the models were used to assess the important benefits and 

services identified by local stakeholders (First Nations, private industry, local citizens, 

government, and non-government agencies), to inform integrated coastal management decisions.  

Unfortunately, the outputs were not available during the thesis study, and therefore no analysis 

can be made in terms of their utility or application.  More information on project description is 

available on the Natcap website http://naturalcapitalproject.org/where/wcvi.html. 

Nearshore Habitats 

The general study area is located on the west coast of Vancouver Island, BC (see Figure 

1).  To examine the coastal protection services of nearshore habitats of a coastal beach, Cox Bay 

situated on the Esowista Peninsula (see Figure 8), was selected as a study site due to its 

accessibility, availability of spatial habitat data, presence of measureable indicators (biotic and 

abiotic), and potential coastal vulnerability.  A somewhat remote location, the area is considered 

a unique geographical setting, known for its tranquility, natural beauty and recreational 

amenities.  Cox Bay itself is a popular vacation destination comprised of commercial (low rise 
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hotels, vacation rentals) and residential development.  To date, four of the nine lots that abut the 

bay have undergone a discernible degree of development (District of Tofino, 2013) (see Figure 

10).    

  

Figure 8.  Aerial view of Cox Bay, Vancouver Island, BC.  A satellite image of the Esowista 

Peninsula (inset: Figure 2) is provided for comparison and scale. (Source: photo taken in 2007 

courtesy of Bob Herger). 

Situated at latitude = 49.102 and longitude = -125.8723, Cox Bay is an exposed sandy 

beach bordered by rocky headlands, and faces the northeast Pacific Ocean. The PRNPR (see 

Figure 5) sits immediately to the south.  A small series of bedrock islands are located a distance 

of over 3 km from shore, and provide some coastal protection from the northwesterly winds that 

dominate in the summer months.  During the winter months, strong storm winds are generated 

from the southeast (Beaugrand, 2010).   
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The local beaches in this area exhibit a gradual, shallow bathymetry (see Figure 9) and 

experience a “mesotidal range (2 to 4 m) and a seasonally variable, energetic wave regime (e.g., 

average summer significant wave height, Hs, of 1.14 m and period, T, 10.89 s; average winter Hs 

of 2.47 m and T of 12.07 s; maximum observed Hs of 11.44 m and T of 28.57 s)” (Heathfield, 

Walker, & Atkinson, 2013, p 753).  For wave-dominated coasts such as Cox Bay, to maintain its 

form and function, these beaches depend heavily on the interaction of high wave energy with 

other oceanographic forces such as tides, surge, and/or wind energy (Heathfield, 2009).   

 

Figure 9. Hydrographic chart 3685 showing Cox Bay (Source: Canadian Hydrographic 

Service).  The shallow nearshore depths (dark blue) along the coastline do not exceed 35 m.   

 Nearshore habitats also depend on regional oceanographic forces, and thus species found 

in coastal ecosystems are highly adaptable to their unique set of local conditions.  For example, 
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various seagrasses have adapted to the conditions of the PNW and include: high recruitment rates 

of annual incoming propagules, with bed maturity reached annually (eelgrass) or within 2 – 4 

years (kelp) (Dayton et al., 1992), and an extensive larval dispersal range (between 10–100 km 

as rafting individuals) (Harwell & Orth, 2002) that can increase their recovery rate after a 

disturbance (Dayton et al., 1992; Orth, Harwell, & Inglis 2006).   

Sand dunes, kelp, and eelgrass, as nearshore habitats, represent fixed and detachable 

components that moderate wave attenuation that can cause erosion and flooding.  Other 

nearshore habitats exist in the area, such as rock reefs, estuaries and marshes, which can also be 

used as model inputs; however, upon checking with various researchers, universities, local 

businesses, government agencies and non-profit organizations, no additional spatial datasets of 

nearshore habitat were found.  Thus, it is presumed that there are no other spatial habitat 

inventories for this area, and it is further presumed, limited spatial habitat datasets exist for the 

WCVI.  It was through the cooperation of WCA, who provided the data, and the District of 

Tofino (DoT), that existing spatial datasets were made available for this case study. 

To recap, only those nearshore habitats spatially mapped and available in the study area 

were used as inputs; including sand dunes, kelp and eelgrass.  Originally collected as part of a 

marine mapping project, WCA considered the habitat data set proprietary and were provided 

through a Data Transfer Agreement for the sole purpose of this thesis.  Any spatial data provided 

by Natcap that was not available on their website, was made through an informal arrangement. 

Ecosystem Services 

Few studies have been found that focus on the benefits of ecosystem services in Canada.  

Therefore, the results of this thesis study are intended to help fill an existing data gap for coastal 
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and marine ecosystems.  To the best of  my knowledge, this study serves to head the first known 

valuation of nearshore habitats within BC in respect of coastal protection (prior studies did not 

include valuation of coastal habitats); as well as the first known application of the InVEST 

Coastal Protection Model in Canada. 

Given the limited quantitative data available on ecosystem services, this study will 

include a qualitative evaluation to document the conditions and characteristics of the variables 

(ecosystem services) and explore the factors that influence or interact with those variables.  Thus, 

a case study approach was selected as the method of inquiry as it is suitable for explanatory or 

descriptive observations and can provide for qualitative insights (Yin, 2009); particularly 

beneficial when using assessment tools that have been largely untested.   

In cases where nature provides a non-marketed service, production functions are 

considered an accepted methodology in determining the value of nature to people (Barbier, 2007; 

Natcap, 2013b).  This is of particular importance for those services or habitat functions that have 

a protective value, such as in coastal protection.  Production functions are described as modelling 

the production of this protection service by estimating its value as an environmental input in 

terms of the expected cost in “avoided damages” (Barbier, 2007).  This economic approach to 

valuation is based on an understanding of the ecological functions associated with that service.   

Although this thesis touches on the ecological functions of nearshore habitats, an 

important distinction should be made between ecological functions and ecosystem services.   

There is an expansive body of science on the ecological functions of nearshore habitats, and it is 

not the intention of this thesis to present those findings.  The focus of this thesis is on ecosystem 
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services, such that the thesis attempts to highlight the coastal protection services provided by 

nearshore habitats and to place an economic value (valuation) on those services. 

Marine InVEST Models 

Together with the Coastal Vulnerability (CV) Model and Erosion Protection (EP) Model, 

these make up the Marine InVEST Coastal Protection toolbox.  A suite of InVEST Models (16 to 

date) have been developed for application in terrestrial and marine environments, and are 

available on the Natcap website (Natcap, 2013a).   

Coastal Vulnerability Model.  The CV Model is composed of 2 sub models: the Fetch 

Calculator and the Vulnerability Index.  The fetch calculator is used to define the area of interest 

and the results serve as inputs into the Vulnerability index, which produces the main output for 

this model. 

The CV Model uses geophysical and natural habitat characteristics of coastal landscapes 

to calculate exposure to erosion and flooding.  When overlaid with population data, the model's 

outputs can be used to identify where coastal populations face higher risks of damage from storm 

waves (Natcap, 2013b).  However, given the small scale of the study area (extending ~ 4 km of 

Esowista Peninsula coastline), population data was excluded as a model input.  This model 

feature is most beneficial when assessing the relative risk of populations along a coastal region 

of interest; particularly, as it relates to climate adaptation planning (Natcap 2013a). 

Model inputs serve as proxies for various complex shoreline processes that influence 

exposure to erosion and inundation, and for this study, include: a polyline with coastal shoreline 

attributes, polygons representing the location of natural habitats (i.e., eelgrass, kelp, sand dunes), 

a depth contour that can be used as an indicator for surge level (the default contour is the edge of 
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the continental shelf), a digital elevation model (DEM) representing the topography of the 

coastal area, and values of highest observed wind speed and wave power.  

There are 7 inputs for the Coastal Vulnerability Model.  The model computes the physical 

exposure index by combining the ranks of the seven biological and physical variables at each 

shoreline segment.  The description and data source for each input is provided in Table 3. 

Table 3. Coastal Vulnerability Model Data Inputs and Sources 

Coastal Vulnerability Model 

Input Data Type Description Explanation Data Source
1
 

Relief Bathymetric 

Digital Elevation 

Model (seamless 

DEM)  

The average elevation 

of the coastal land area 

that is within 1.5 km of 

the shore 

Use of the highest quality, finest 

resolution DEM is best to make 

informed decisions at the scale 

of interest 

Natural 

Capital 

Project* 

Geo-

morphology  

 

Polyline Shapefile BC Shorezone: a 

biophysical mapping 

system developed to 

characterize the  BC 

coastline  

From low tide aerial video 

imagery, segments of the 

coastline are ranked 1–5, 

relative to changes in 

geomorphology (Howes, 2001) 

West Coast 

Aquatic 

 

 

Nearshore 

Habitat 

(eelgrass, 

kelp, sand 

dunes)  

 

Polygon Shapefile Spatial datasets are a 

compilation of 

Shorezone mapping, 

independent academic 

researchers and 

scientists, Province of 

BC, First Nation 

communities  

Seagrasses (kelp, eelgrass) 

reduce the power of waves to 

varying degrees that cause 

erosion and flooding 

West Coast 

Aquatic 

Sand Dunes are fixed habitat 

features that provide permanent 

protection against erosion and 

inundation 

Natural 

Capital 

Project* 

Sea Level 

Change 

Value (meters) The relative net rate of 

sea level rise or fall 

along the coastline 

Sea level inputs were omitted as 

predictions were within 

modelling error (+/- 1 m) 

(Bornhold, 2008) 

N/A 

 

  

Wind and 

Wave 

Exposure 

 

Statistical Dataset Wind and wave 

characteristics to 

determine exposure to 

erosion and flooding 

Relative wind and wave 

exposure for the coastline using 

time series data collected by 

NOAA Wave Watch III  

Natural 

Capital 

Project 

 

Continental 

Shelf 

Polygon Shapefile A dataset that depicts 

the location of the 

continental margin 

The continental shelf was 

located beyond the defined Area 

of Interest, and not included 

N/A 

Note: This table was created to describe each of the seven model inputs and their data source.   
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1
Data from WCA was considered proprietary and provided through a Data Transfer Agreement.  

Natcap data was made available from the User Guide (Natcap, 2013b) or by special request (*). 

Limitations.  The main limitation of the CV Model is that the dynamic interactions of 

complex coastal processes are simplified with the use of seven variables and exposure categories 

(Natcap, 2013b).  Thus the model results may underestimate coastal vulnerability in highly 

complex or diverse areas.  Secondly, the model does not calculate storm surge, nearshore wave 

fields or sediment transport processes.  Since storm surges are responsible for excessive storm 

damage, this may lead to underestimates in erosion amounts.  In addition, the predictions of this 

model are intended to provide erosion and inundation estimates for one winter season only; and 

therefore does not account for the sediment deposition during calmer weather (typically the 

summer months for this region).  Neither does the model take into consideration the amount and 

quality of habitats, nor does it quantify the role of habitats in reducing coastal hazards.  This 

quantification takes place in the EP Model.   

The limitations are included to provide a general understanding of the principles and 

possible shortcomings of the models.  More detailed information of the models can be found in 

the User Guide (Natcap, 2013b).  Since model design is beyond my area of expertise, no further 

analysis on model limitations will be provided. 
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Erosion Protection Model.  The EP Model is composed of two sub-models: Profile 

Generator and Nearshore Waves and Erosion.  The purpose of the Profile Generator is to assist in 

the preparation of a 1D bathymetric transect for use in the Nearshore Waves and Erosion 

component.  

The inputs of the Profile Generator include the site’s location, a file describing the overall 

shape of the shoreline, and a nearshore topography and bathymetric file that contains land 

elevation as well as water depths.  The model also requires information about sediment size, tidal 

range and backshore characteristics to be input into an excel table.  Since these models are 

designed to accommodate data poor regions, approximations of these inputs are acceptable to run 

the models.  The model outputs include a 1D bathymetry profile, information about the site’s 

backshore and the location of natural habitats along the cross-shore transect.  In addition, the 

model provides fetch distances (the distance wind blows over water to generate waves) as well as 

estimates of wave height and wind speeds that occur during a storm (Natcap, 2013b).  

The Erosion Protection sub-model estimates the relative contributions of different natural 

habitats in reducing nearshore wave energy levels and coastal erosion.  These habitats dissipate 

wave energy and/or act as barriers against high waves and high water levels, and eventually 

protect coastal properties and communities.  The protective services offered by those habitats to 

coastal populations are highlighted by linking coastal storms to erosion, and then linking erosion 

to damage of coastal properties.  To measure these services, the model compares the baseline 

habitat with proposed scenarios.  The proposed scenarios can incorporate habitat losses, gains, or 

some combination of the two, in terms of either a change in habitat footprint or density.  The 
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service provided by these habitats is then measured by the amount of avoided erosion or 

inundation, and by the value of avoided property damages (Natcap, 2013b).   

The Nearshore Waves and Erosion sub-model uses information about the type and 

location of natural habitat at the site, as well as the way in which the management action changes 

those habitat characteristics to produce estimates of the amount of avoided shoreline erosion or 

scour and the associated change in property damages.  The model inputs include a 1D 

bathymetry profile and offshore wave height and period values that are representative of certain 

storm conditions.  Similar to the profile generator, the model requires information about the 

backshore as well as the type and physical characteristics of the natural habitats (Natcap, 2013).    

The model outputs will profile wave height under baseline and proposed management 

actions.  The model also estimates the volume of sediment eroded as a result of each 

management action.  With the valuation option, the model then uses the biophysical outputs of 

the Nearshore Wave and Erosion model coupled with the local property values to provide 

information about the avoided or increase in property damage associated with the management 

actions.  It should be noted that the model does not batch process multiple runs and therefore can 

only examine the protective services of nearshore habitats and the effects of various management 

actions one model run (i.e., storm) at a time.  To explore broader bands of coastline under 

different storm conditions, multiple runs would need to be applied with different storm periods. 

Valuation. One key aspect of the EP Model is its ability to quantify the protection 

provided by habitats in terms of the avoided damages to property due to erosion from waves.  In 

so doing, this model addresses one of the research gaps identified in the paper.  Shoreline 

property values in Cox Bay were provided by DoT and used as the model input.  With this 
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quantification, the difference in damages due to the presence or absence of nearshore habitats 

can be considered an indicator of the value of those habitats in providing protection to properties 

from damage caused by coastal storms.  Table 4 below describes the EP Model inputs.  

Table 4. Erosion Protection Model Data Inputs and Sources 

Input Data Type Description Explanation Data Source 

Backshore 
Characteristic 

 

Field 

estimates 

Includes tide levels, 

substrate type, and 

habitat characteristics 

Excel table (provided by Nacap) 

allows for data entry of 

backshore, sediment and beach 

characteristics 

Natcap 

 

Photographs, 

Reconnaissance 

Property 

Values 

 

Local 

Currency 

(Can $) 

Property values include 

land and building values 

Only those shoreline properties 

bordering Cox Bay were 

included in assessment 

District of 

Tofino 

Management 

Action 

 

Management 

Scenarios 

 

Projected management 

actions to create various 

scenarios (+/- habitat 

loss) 

Five scenarios were considered 

to present a range of 

management actions 

None
1
 

Storm 

Duration 

 

Value (# of 

Hours) 

 

 

The maximum water 

level reached during the 

input storm for a 

specified duration 

A 6 hr storm period was used as 

an estimate to correspond with 

regional semi-diurnal tides 

None
1
 

Surge 

Elevation 

Value 

(meters) 

 

 

The maximum water 

level reached during the 

input storm relative to 

mean sea level (MSL) 

Surge elevation of 2.3 m was 

based on peak surge (0.8m); 

plus the high water mark (1.5m 

above MSL). (Heathfield, 2009) 

None
1
 

Return  

Period of 

Storm* 

Value (# of 

years) 

Years between storm 

occurrences.  Typical 

return periods are 10, 50, 

and 100 yrs 

A 10 year storm period was 

selected to capture the most 

frequent storm events  

None
1
 

Discount 

Rate* 

 

Value (%) A discount rate is meant 

to project the monetary 

value of natural habitats 

in future years  

5% is a standard rate; however, 

can be adjusted to as high as 

10% or as low as 1% depending 

on projected value  

None
1
 

Time 

Horizon* 

 

Value (# of 

years) 

The # of years over 

which to value coastal 

protection services 

10 years was considered a 

reasonable timeframe  that may 

incur significant habitat changes 

None
1
 

Note: This table was created to describe the model inputs and their data source.  
1 

Where no 

external data source was required by the model, “none” is indicated.  As these models are 

designed to accommodate data poor regions, where a data source was not required, the inputs 

were user estimates only, and an explanation provided.  (*) denotes for valuation purposes only. 
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Limitations.  The primary limitation of the EP Model is that it simulates wave evolution 

along a 1D bathymetry profile, and thus ignores 2D wave transformation processes.  The model 

also assumes all erosion leads to a net loss of land and may be perceived as permanent loss.  In 

some places this assumption will reflect reality; in other locations, erosion from large storms can 

be reversed through sediment accretion during periods of calm weather (usually the summer 

months).  Further, the model estimates coastal protection services provided by habitats in terms 

of the reduction in damages due to erosion from storm waves, not surge.  Some coastal habitats 

have the ability to attenuate surge in addition to waves, while other nearshore sub-tidal habitats 

do not (Natcap, 2013b).  

In addition, the model ignores any non-linear processes that occur when waves travel 

over submerged vegetation.  Thus, it has been assumed that the vegetation characteristics and 

densities remain intact during the storm that is being modeled and could lead to underestimates 

in erosion depending on the time of year (Natcap, 2013b).  

Also the model’s erosion estimates do not account for the erosion loss caused by 

anthropogenic impacts, such as shoreline protection or armouring (i.e. seawalls).  These activities 

may incur further sediment loss over time, and are not captured in the model estimates.  This is 

of particular significance as Cox Bay becomes increasingly armoured (primarily with rock, steel 

sheet piles and timber posts), which currently accounts for approximately 40–50% of its 1.2 km 

shoreline (MNEC, 2011).  Figure 10 below illustrates armouring activities conducted between 

2007 and 2010.   As seen in Photo 4 the littoral drift (sediment transport) appears to be moving 

southward. 
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Figure 10.  Photos 1–4 of shoreline protection (armouring) at the Cox Bay study site.  Photos:  

1–3, rip rap and steel sheet pile placement at the foredune toe in 2007–2010 (mid-north section).  

Photo 4, signs of erosion and debris (south section) after a storm event in 2011; evidence that the 

littoral drift within the bay is moving southward.  (Source: photos courtesy of Richard Close). 

Results 

The Coastal Protection Toolbox models were run to illustrate coastal vulnerability and to 

calculate the coastal protection services provided by nearshore habitats in terms of erosion loss 

and avoided damages costs.  The outputs are presented below for each model and will be later 

analysed in the Discussion Section in terms of their relative contributions in highlighting the 

protective services and benefits provided by natural habitats to coastal communities.   

1 

4 3 

2 
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Nearshore Habitats 

Figure 11 shows the locations of nearshore habitats in the Esowista Peninsula study area.  

It is important to emphasize that these locations are based on existing spatial habitat inventories 

and do not represent all nearshore habitats expected to occur in this area.  Only those habitats 

that were spatially mapped and available could be used as model inputs.  For this reason, the 

model results may underestimate the level of protective services provided by nearshore habitats. 

 

Figure 11.  Nearshore habitat locations in Esowista Peninsula, Vancouver Island, BC.  Spatial 

habitat data for sand dunes, kelp and eelgrass were provided by West Coast Aquatic. 
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 In the study area, Cox Bay is one of two exposed coastal sand dune areas; the second is 

Chesterman Beach, located to the north.  Although there is a third sand dune area, it is sheltered 

by land and not exposed to the same wave and wind forces as the dunes along the west side of 

the Peninsula.  Immediately south and beyond the study area, a span of 16 km of coastal sand 

dunes exists within the PRNPR (see Figure 5).  Collectively, these dune systems form a major 

part of the coastal dune ecosystems on the WCVI and provide for the strongest defence against 

storm and erosion inundation along this region. 

As for the seagrasses, most have been found in the northern half of the Peninsula and 

consequently are located a considerable distance (over 3 km) from the study site in Cox Bay.  As 

shown in Figure 11, large kelp beds surround Wickaninnish Island, with eelgrass beds scattered 

around the northern tip of the Peninsula.  Although the location of the habitats will influence the 

model results, determining to what extent is beyond my expertise and therefore not included in 

my evaluation.  Thus, the approach taken was to compare the results with and without the habitat 

layer as presented in the following section.           

Ecosystem Services 

As illustrated in Table 2, kelp, eelgrass and sand dunes offer a wide range of ecosystem 

services.  In terms of coastal protection, habitat type, size, location, and health, each plays an 

important role.  Although the model does not consider the health of nearshore habitats; it does 

take into account the type, size and location.  Consequently, because of their structural form, 

extent and location, the sand dunes played the biggest role in providing coastal protection 

services.   
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Seagrasses on the other hand, with mobile vegetative components, represent less of a 

permanent fixture, and therefore, provided less of a defence.  Although the seagrass beds appear 

to be sizeable in the northern portion of the Peninsula, they are too far from the study site to 

show a measureable impact.  However, research has found that their level of coastal protection 

service increases when the water column occupied by vegetation is maximized (Fonseca & 

Cahalan, 1992).  In these situations, seagrasses can better attenuate waves and reduce wave run-

up along the beach, thus reducing erosion loss.  Hence, it is possible, that a different analysis 

could be found if the study site was located in the Tofino harbour for example (see Figure 2), 

where the area is more sheltered, has reduced water depths, and has nearby seagrass beds. 

Marine InVEST Models 

To examine the results at two different scales, the outputs for the Coastal Vulnerability 

Model are shown at a study site scale (Cox Bay) and a study area scale (Esowista Peninsula).  No 

mapping products are produced from the Erosion Protection Model; however, the results of this 

model compute valuation of erosion loss based on projected management actions.    

Coastal Vulnerability Model.  This model highlights the coastal vulnerability along a 

region of interest by assigning a relative index score from low to high.  To compare the scores in 

relation to how the presence or absence of nearshore habitats affects the coastal vulnerability 

index, the following maps illustrate the relative differences for Cox Bay, and Esowista Peninsula.    

Figures 12 and 13 compare the coastal vulnerability score for Cox Bay with and without 

nearshore habitat data.  Figure 12 below illustrates the coastal vulnerability risk with habitat 

present, and exhibits a predominantly low to medium score; with a very slight increase in risk at 

the mid-northern section of the bay, suggesting a higher risk of erosion relative to other areas.  
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Given the relative distance of the seagrasses, the reduction in coastal vulnerability from 

nearshore habitats is presumed to be a function of the sand dunes situated along Cox Bay.  

 

Figure 12.  Coastal Vulnerability Index of Cox Bay with habitat.  Note the predominately low-

medium score along Cox Bay; with an increase in vulnerability risk (green to yellow) moving 

north along the shoreline. 
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Figure 13.  Coastal Vulnerability Index of Cox Bay without habitat.  Similar to Figure 12, there 

is higher relative vulnerability at the mid- northern section of bay; however, when habitat is 

removed, the scale of risk escalates from medium to high. 

Figure 13 illustrates a noticeable increase in vulnerability risk once the habitat layer is 

removed.  These results indicate that without the coastal protection services provided by 

nearshore habitats, Cox Bay would be more vulnerable to the impacts of storms along the mid to 
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northern section of shore.  In comparison with Figure 12, this suggests that the presence of 

nearshore habitats does provide coastal protection and mitigates erosion risk within this area.     

 

Figure 14.  Coastal Vulnerability Index of Esowista Peninsula with habitat.  Note the 

predominately low-medium score along Cox Bay, and elevated risk along Chesterman Beach.   

Figures 14 and 15 compare the coastal vulnerability index score for the Esowista 

Peninsula, with and without nearshore habitat data.  In Figure 14, excluding the west face of the 
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smaller islands, much of the area appears to fall within a low to medium score.  Given the 

dominant northwesterly winds and protection of the islands, this is to be expected.  The highest 

risk of coastal vulnerability is shown along parts of Chesterman Beach; and although sand dunes 

are present, this area may be more prone to erosion from prevailing winds and waves. 

 

Figure 15.  Coastal Vulnerability Index of Esowista Peninsula without habitat.  Note the 

increased risk along Cox Bay (northern half) and Chesterman Beach when habitat is removed. 
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In comparison, the most substantive change between Figures 14 and 15 is the relative 

increase in the risk of erosion in Chesterman Beach and to a lesser extent, Cox Bay.  Similar to 

the results found at the Cox Bay study site (Figures 12 and 13), the relative changes in risk are 

presumed to largely be a function of location, size and extent of the sand dunes.  A second point 

of comparison between each set of figures is the limited change in risk observed on the west side 

of Wickannish Island, where there is a large amount of kelp.  This suggests that the existing kelp 

does not provide significant erosion protection; yet could be a function of its location which 

bears the brunt of the wind and wave energy from the Pacific Ocean.  However, it could also be 

due to limitations of the model and/or input error.   

Erosion Protection Model.  Five scenarios were created to reflect baseline (current) and 

potential (future) conditions that may impact the coastal protection services provided by 

nearshore habitats.  Given the relative importance of sand dunes in coastal protection, each 

scenario was projected to simulate potential increments of loss from future management actions 

that may reduce the size and extent of the sand dunes, and thus further impede their coastal 

protection services.  By comparison, due to the limited measurable change observed by 

seagrasses (kelp, eelgrass), they were considered either 100% present or 100% absent in each of 

the scenarios (excluding the baseline scenario where they were 100% present).    

The model outputs include a description of the Site Information, Habitat Management 

Action, and Model Outputs which contain erosion profiles (before and after the management 

action) as well as the amount of erosion loss and cost in avoided damages.  Notable comparisons 

between the scenarios with respect to erosion loss and avoided damages are further examined in 
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the Discussion Section (see Table 5).   All other model outputs were considered of limited value 

for presentation or discussion purposes and therefore excluded from further evaluation.     

The results of the five scenarios are presented as separate model runs on the following 

pages. The shaded areas are constant model inputs for each scenario. For the purposes of 

scenario building, development rates were considered at either a 25% (moderate) or 50% (high) 

loss of habitat.  

1. Baseline (no management action) 

2. 25% removal of sand dunes; 0% removal of seagrass habitat 

3. 25% removal of sand dunes; 100% removal of seagrass habitat 

4. 50% removal of sand dunes; 0% removal of seagrass habitat 

5. 50% removal of sand dunes; 100% removal of seagrass habitat 
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model run 1: baseline. 

Site Information 

 The site is a sandy beach with an average sediment size of 0.2mm and a foreshore slope of 

1/76 

 The tidal range at the site  is: 4.0m (high tide) and is meso-tidal  

 Berm height is 1.5m (no berm width) and dune height is 4.0m   

Habitat Management Action  

 No removal of sand dunes 

 No removal of seagrass   

Model Outputs 

 Offshore wave input conditions are: Ho=5.12m, and To=13.85s 

 Because of the presence of habitats, the erosion difference between your scenarios is 0.0 m
2
 

 Avoided damages from erosion is $0 

 Expected present value of the habitat lost or gained in your scenario is $0 

 Wave height increased on average by 0% and wave energy increased by 0% 

 Dune height reduction does not change, beach retreats under these forcing conditions 

 The berm has been eroded and your dune will be retreated  

 

Figure 16. Erosion profile in the backshore region before and after your management action. 

Before your management action, your beach might erode by 4.2m. After your management action, 

your beach might erode by 4.2m. Under these forcing conditions, your berm is submerged by surge  

and runup causing your dune to be exposed to wave attack. This will lead to scarping or more severe 

dune erosion than shown. 
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model run 2. 

Site Information 

 The site is a sandy beach with an average sediment size of 0.2mm and a foreshore slope of 

1/76 

 The tidal range at the site  is: 4.0m (high tide) and is meso-tidal  

 Berm height is 1.5m (no berm width) and dune height is 4.0m   

Habitat Management Action  

 25% removal of sand dunes 

 No removal of seagrass   

Model Outputs 

 Offshore wave input conditions are: Ho=5.12m, and To=13.85s 

 Because of the presence of habitats, the erosion difference between scenarios is 3984.0 m
2
 

 Avoided damages from erosion is $929,429 

 Expected present value of the habitat lost or gained in your scenario is $929,429 

 Wave height increased on average by 0% and wave energy increased by 0% 

 The berm has been eroded and your dune will be retreated  

 

Figure 17. Erosion profile in the backshore region before and after your management action. 

 

Before your management action, your beach might erode by 1.0m. After your management 

action, your beach might erode by 4.9m. Under these forcing conditions, your berm is submerged 

by surge and runup causing your dune to be exposed to wave attack. This will lead to scarping or 

more severe dune erosion than shown.  
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model run3. 

Site Information 

 The site is a sandy beach with an average sediment size of 0.2mm and a foreshore slope of 

1/76 

 The tidal range at the site  is: 4.0m (high tide) and is meso-tidal  

 Berm height is 1.5m (no berm width) and dune height is 4.0m   

Habitat Management Action  

 25% removal of sand dunes 

 100% removal of seagrass   

Model Outputs 

 Offshore wave input conditions are: Ho=5.12m, and To=13.85s 

 Because of the presence of habitats, the erosion difference between scenarios is 3984.0 m
2
 

 Avoided damages from erosion is $929,429 

 Expected present value of the habitat lost or gained in your scenario is $929,429 

 Wave height increased on average by 0% and wave energy increased by 0% 

 The berm has been eroded and your dune will be retreated  

 

 

Figure 18. Erosion profile in the backshore region before and after your management action. 

 

Before your management action, your beach might erode by 1.0m. After your management 

action, your beach might erode by 4.9m. Under these forcing conditions, your berm is submerged 

by surge and runup causing your dune to be exposed to wave attack. This will lead to scarping or 

more severe dune erosion than shown.  
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model run 4. 

Site Information 

 The site is a sandy beach with an average sediment size of 0.2mm and a foreshore slope of 

1/76 

 The tidal range at the site  is: 4.0m (high tide) and is meso-tidal  

 Berm height is 1.5m (no berm width) and dune height is 4.0m   

Habitat Management Action  

 50% removal of sand dunes 

 No removal of seagrass   

Model Outputs 

 Offshore wave input conditions are: Ho=5.12m, and To=13.85s 

 Because of the presence of habitats, the erosion difference between scenarios is 4863.0 m
2
 

 Avoided damages from erosion is $1,134,643 

 Expected present value of the habitat lost or gained in your scenario is $1,134,643 

 Wave height increased on average by 0% and wave energy increased by 0% 

 Your management action has led to inundation of your berm and dune system.  Inland areas 

will experience flooding due to your management action 

 The berm has been eroded and your dune will be retreated  

 
 

Figure 19. Erosion profile in the backshore region before and after your management action. 

Before your management action, your beach might erode by 1.2m. After your management 

action, your beach might erode by 6.1m. Under these forcing conditions, your berm is submerged 

by surge and runup causing your dune to be exposed to wave attack. This will lead to scarping or 

more severe dune erosion than shown 
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model run 5. 

Site Information 

 The site is a sandy beach with an average sediment size of 0.2mm and a foreshore slope of 

1/76 

 The tidal range at the site  is: 4.0m (high tide) and is meso-tidal  

 Berm height is 1.5m (no berm width) and dune height is 4.0m   

Habitat Management Action  

 50% removal of sand dunes 

 100% removal of seagrass   

Model Outputs 

 Offshore wave input conditions are: Ho=5.12m, and To=13.85s 

 Because of the presence of habitats, the erosion difference between scenarios is 4863.0 m
2
 

 Avoided damages from erosion is $1,134,643 

 Expected present value of the habitat lost or gained in your scenario is $1,134,643 

 Wave height increased on average by 0% and wave energy increased by 0% 

 Your management action has led to inundation of your berm and dune system.  Inland areas 

will experience flooding due to your management action 

 The berm has been eroded and your dune will be retreated  

 
 

Figure 20. Erosion profile in the backshore region before and after your management action. 

Before your management action, your beach might erode by 1.2m. After your management 

action, your beach might erode by 6.1m. Under these forcing conditions, your berm is submerged 

by surge and runup causing your dune to be exposed to wave attack. This will lead to scarping or 

more severe dune erosion than shown. 
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Discussion 

With the release of the MEA in 2005, the international science community has sounded 

the alarm that the human race has placed the world’s ecosystems and habitats at risk of 

significant depletion or alteration.  Furthermore, with the onset of climate change, coastal 

flooding and sea levels are expected to increase significantly by mid-century, with potentially 

severe consequences for coastal populations around the world (Intergovernmental Panel on 

Climate Change, 2007).   

On a regional scale, British Columbia is predicted to experience similar coastal hazards.  

The mean sea level rise expected for BC by the year 2100 is between 0.11–0.46 m (Borhhold, 

2008).  However, due to tectonic uplift along the Cascadia Subduction Zone (see Figure 5), 

WCVI is actually experiencing a falling relative sea level rise by 0.9 mm per year (Mazotti, 

Jones, & Thomson, 2008).  Although this outcome may mitigate absolute sea level rise for some 

areas, this does not eliminate the threat of climate change, which is also changing the 

oceanographic forces on the west coast of Vancouver Island (Abeysirigunawardena, Gilleland, 

Bronough, & Wong, 2009; Allan & Komar, 2006; Heathfield et al., 2013).  Consequently, shifts 

in climate have very real consequences for BC coastal communities, and the manner in which 

these events unfold will largely be determined by how coastal communities can respond and 

adapt (Lemmen et al., 2008).   

In addition, many coastal areas are facing the major long-term threat of “coastal 

squeeze”.  This is where the intertidal habitat is constrained on one side by the sea and on the 

other by encroaching development (Defeo et al., 2009; Luisetti, Turner, Bateman, Morse-Jones, 

& Adams, 2011).  For over a century, hard, armoured structures such as seawalls constructed of 
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stone, concrete or wood have been used as a primary coastal defense strategy to protect people 

and property from the ocean’s forces (Griggs, 2005).  However, researchers have found 

armoured structures alter the natural hydrodynamics of waves and currents; thereby affecting 

sediment transport deposition, and thus leads to further erosion (Dugan & Hubbard, 2009; 

Griggs, 2005; Miles, Russell, & Huntley, 2001).  By today’s standards, setbacks that prohibit 

development to maintain ecosystem form and function of nearshore habitats serve the best line of 

defense.  For areas that are already built up and in need of enhanced protection, best management 

practices include soft measures that can promote coastal resilience, such as dune vegetation and 

stabilization, and maintenance of sediment supply (Defeo et al., 2009).   

Nearshore Habitats 

Coastal protection is important to coastal communities.  Coastal regions are constantly 

subject to the action of ocean waves and storms and naturally experience erosion and inundation.  

Past research has shown that nearshore habitats play an important role in protecting shorelines 

against wave action because they increase the amount of wave dissipation (e.g., kelp, eelgrass) 

or, in the case of sand dunes, serve as a physical barrier (Natcap, 2013b).  The results of this 

thesis show similar findings, particularly with respect to the role sand dunes play in coastal 

protection.  Although not substantiated by the model results (seagrass locations >3 km from 

study site), it is believed seagrasses remain as important contributors to coastal protection; 

particularly, in the summer months during peak productivity (Chen et al., 2007). 

  The nearshore is also an important productive area for plant and animal life.  Yet, 

despite its significance, the nearshore region is poorly documented in Canada (DFO 2010). 

Shorezone is the only existing systematic mapping dataset available on the west coast, covering 
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the 0–5m subtidal zone.  There are no systematic shallow subtidal inventories between 5–50m 

depth of Canada’s coast (Harper & Morris, 2008).  This is partly due to the fact that the 

nearshore is a challenging area to operate survey vessels and equipment, and where the surficial 

geology and vegetation can obscure data collection (Clarke, 2006).  Thus, the critical nearshore 

interface between intertidal and deeper marine area (0–50 m) is often void of data and referred to 

as the “white zone” on many benthic habitat maps (Dallimore, Harper, Cooke, & Ward, 2011).   

Consequently, the datasets obtained for this study required a considerable amount of time 

and effort to locate and obtain.  In the end, the nearshore spatial data were provided by WCA, in 

cooperation with DoT, as part of a Data Transfer Agreement.  However, it is presumed that this 

dataset does not represent a full suite of all existing nearshore habitats in the study area, 

including type, location, quality and density.  Therefore, it is further deduced that the results are 

most likely an underestimate of the coastal protection services provided by nearshore habitats 

(further discussed in the model section).  

Ecosystem Services 

Ecosystem services, as with ecosystem based management (EBM) is complex, and 

involves a set of interconnected concepts, disciplinary approaches, technical analysis and 

interpretation, as well as communication across an extended community of scientists, policy-

makers and stakeholders (Cogan et al., 2009).  However, Daily et al. (2009) claim further 

systemic changes are required in order to account for ecosystem services in institutional decision 

making.  Furthermore, EBM should not be confused with an automatic adoption of an ecosystem 

services approach or framework.  Although both approaches involve managing human 
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interactions and depend on biophysical analysis, it is that aspect of the ecosystem that is valued 

and benefits people is what sets the ES concept apart from EBM (Daily et al, 2009).   

However, in spite of the recognition to manage human interactions with nature, many 

social and natural science experts claim that the linkages between social and natural sciences 

have yet to be fully developed (Leschine, 2010; SSAC, 2011; Wellman et al, 2011).  Although 

we now approach resource management increasingly mindful of our human footprint, we have 

yet to bridge the gap between what we know and what we value.  As argued by Daily et al. 

(2009), until we can systematically incorporate societal values into our decision making, trade-

offs will continue to overlook long term sustainability for short term gain.  Consequently, 

resource management decisions that do not consider the values that drive human behaviours are 

susceptible to repeated failures or as reported by MEA, significant habitat destruction and loss. 

In present day society, economic markets play a dominant role in patterns of human 

behaviour and the expression of value.  However, the on-going challenge for valuing ecosystem 

services is that they generally have no market value.  Not only are there difficulties in 

constructing valuations but when it comes to nature, some prefer it to remain as a benevolent 

aspect of society.  Furthermore, because some of these services (e.g., coastal protection), fall in 

the special category of “non-renewable resources with renewable service flows” (Just et al., 

2004, p. 603 as cited in Barbier, 2012) - meaning their service is maintained only if the 

ecosystem or habitat remains intact - their beneficial services are unlikely to increase, and 

therefore are at greater risk of loss as a result of human activities.  

The ultimate paradox is that when it comes to resource management, sociocultural and 

economics are the basic policy drivers (Cogan et al., 2009).  To help shift from a perspective of 
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coastal and marine ecosystems as exploitable resources to one of sustainable management of 

natural capital, decision and policy-makers alike require more extensive, standardized and 

accessible information on different ecosystem components as well as techniques to visualize the 

implications of alternative management strategies (Cogan et al., 2009).    

Subsequently, the InVEST Models provide a means to visualize and quantify ecosystem 

services.  Because these models are designed to be trans-disciplinary, they also provide an 

opportunity to share information across key disciplines (e.g., ecological, economic and social 

sciences).  Although not incorporated as part of this thesis, with stakeholder involvement, model 

outputs are expected to create a starting place to exchange ideas and build awareness for values 

to be more fully understood.  Also, by framing the decisions in terms of trade-offs, it reminds 

stakeholders of the relative needs of the broader community and the role that individuals play in 

protecting the services that sustain their well-being.  

Marine InVEST Models 

Faced with climate change and development pressures from population expansion, 

escalating erosion and inundation pose a significant threat to coastal populations worldwide 

(MEA, 2005 a, b).  To date, these threats have led to the loss and degradation of coastal 

ecosystems and their ability to provide coastal protection (Koch et al., 2009; MEA, 2005b; 

Natcap 2013b).  Accordingly, the Marine InVEST Models are designed to help decision makers 

and stakeholders identify potential risks, and ultimately assess trade-offs in future decision 

making (Natcap, 2013a, b).  Although the model results in this case study are localized (i.e., 

single beach), these models are meant to address concerns on a more regional (broad) scale.  It 

should be emphasized however, that due to the limitations of these models (e.g., measure one 
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storm event at a time and have a +1 /-1 m modelling error) they are fairly blunt instruments when 

it comes to assessing climate change impacts.  Yet even with those limitations, these models can 

open the discussion amongst those involved to evaluate the risk of coastal vulnerability and 

erosion damage caused by large storms, in order to adaptively manage future threats.  As a 

precautionary note, to operate the input variables with a reasonable degree of comfort, and with 

output confidence, a significant amount of time is required to ensure understanding of the model, 

in addition to an appropriate level of spatial mapping expertise. 

Coastal Vulnerability Model.  The CV Model produces an estimate of exposure in 

terms of a relative Vulnerability Index to erosion and inundation during storms, relative to 

geophysical and nearshore habitat characteristics.  In the absence of nearshore habitats, coastal 

vulnerability increased at both a study site and study area scale (see Figures 12–15), most 

notably in areas with coastal dune ecosystems (Cox Bay and Chesterman Beach).  These results 

suggest that the nearshore habitats used as inputs for this model do provide coastal protection 

services for the study area.  However, it was determined that this is largely a function of location, 

size and extent of the sand dunes.   It was presumed to be a function of the spatial location of the 

seagrasses (in terms of distance from the study site and water depth) that they showed no relative 

change in providing coastal protection services.   

As with any model, reliable outputs are highly dependent on the inputs.  Consequently, 

because of the limited availability of spatial habitat data, the results are presumed to be an 

underestimate of the full capacity of the coastal protection services of nearshore habitats within 

the study area.  Even so, an incomplete picture may be better than none, and these tools can 

provide a reasonable starting point to discuss the best course of action for adaptive planning by 
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coastal communities.  For example, Cox Bay is experiencing accelerated erosion loss, 

particularly in the northern sections (MNEC, 2011).  Although the cause has yet to be confirmed, 

there is evidence of a considerable increase in shoreline armouring (see Figure 10).  

Consequently, DoT is currently looking at ways to address the erosion concerns at Cox Bay and 

will be provided the results of this thesis study to help inform their determination.    

Most importantly, the CV Model results stress the importance of the sand dunes in 

providing coastal protection, and can inform future coastal development and/or adaptive 

management decisions.   

Erosion Protection Model.  The EP Model estimates the relative contributions of 

different natural habitats in reducing nearshore wave energy and coastal erosion, as well as 

calculates an economic valuation in avoided damages.  The protective services offered by those 

habitats to coastal populations are highlighted by linking coastal storms to erosion, and then 

linking erosion to damage of coastal properties.  For that reason, the most relevant outputs for 

this study were the erosion loss, measured in metres of lost dune width, and the cost in avoided 

damages, measured in local currency as shown in Table 5.  Similar to the Coastal Vulnerability 

Model, sand dunes were found to be most influential within the model, and therefore produced 

the most dramatic effect when removed.  Seagrasses were considered a combined habitat type 

due to their limited influence in the model and distance from the study site.   
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Table 5. Valuation Estimates of Nearshore Habitats in Cox Bay 

Model 

Run 

Management 

Action (MA) 

 

 

A 

Dune Width 

Loss  

Before MA (m) 

 

B 

Dune Width 

Loss  

After MA (m) 

 

C 

Total 

Erosion Loss 

(m
2
) 

 

D 

Avoided 

Damages 

($) 

 

E 

1  Baseline 

 (no action)                             

4.2 4.2 0 0 

2 25% SD loss;      

 0% SG loss             

1.0 4.9 3984 929,429 

3 25% SD loss;  

100% SG loss                                                                        

1.0 4.9 3984 929,429 

4 50% SD loss;  

0% SG loss 

1.2 6.1 4863 1,134,643 

5 50% SD loss;  

100% SD loss 

1.2 6.1 4863 1,134,643 

Note: SD = sand dune; SG = seagrass (kelp, eelgrass).  Avoided damages (column E) are based 

on property values at Cox Bay, provided by District of Tofino (~ $233 per hectare).   

The baseline scenario was included only for comparative purposes, however, it produced 

the largest erosion loss of dune width (4.2 m) predicted to occur in one winter season.  This is an 

unexpected result and considered unlikely as this scale of loss for WCVI has not been 

documented.  Since the model calculates the difference between the before and after 

management actions, the erosion loss (D) and avoided damages (E) are zero.   

By contrast, the erosion loss due to natural beach dune variability (before MA) for the 

other scenarios is a more likely prediction, ranging from 1.0 m to 1.2 m.  As a consequence of 

the proposed management actions (after MA) in scenarios 2–5, each shows an accelerated loss of 

erosion.  Since there is no measureable difference calculated in the presence or absence of 

seagrass between scenarios, the data show that the erosion loss is due entirely to the reduction of 

the sand dunes. 
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The most compelling model output is shown in column E and is of particular importance 

since it represents the market value of the protective services provided by sand dunes.  These 

damage estimates are a result of sand dune reduction (25%, 50%), and are based on the amount 

of erosion loss and property values.  These projections are meant to simulate incremental loss of 

sand dunes due to development activity.  Given the high market values of Cox Bay ($233 per 

hectare) (DOT, 2013), the “avoided damages” estimates are roughly $1 million dollars.   

The results of this model can offer coastal communities a starting point to discuss trade-

offs given various management options.  For example, these estimates may be comparable to an 

armouring vs. a beach restoration project (e.g., beach stabilization, vegetative planting, and 

beach nourishment); both proposed to remedy on-going erosion problems.  Accordingly, these 

damage estimates may offer convincing evidence to local stakeholders and decision-makers to 

consider the “real cost” of doing business and invest in alternative long term coastal protection 

strategies that promote coastal resilience and maintain natural processes (“soft measures”). 

Conclusion 

  The main aim in understanding and valuing natural capital and ecosystem services is to 

make better decisions, resulting in better actions relating to the use of land, water, and other 

elements of natural capital.  Yet despite a growing recognition of the importance of ecosystem 

services, their value is still often overlooked in decision-making, and to date, has not been well 

quantified.   As argued by Heal et al. (2005, p. 5), “until the economic value of ecosystem goods 

and services is acknowledged in environmental decision-making, they will implicitly be assigned 

a value of zero in cost benefit analysis, and policy choices will be biased against conservation”.  

Therefore, as many subject matter experts claim, policy decisions will need to address the trade-
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offs between ecosystem services and human well-being in the future to make equitable and 

sustainable use of resources (Daily et al., 2009; Heal et al., 2005).  

Therefore, in order to make better trade-off decisions, this case study has strived to 

address an existing research gap by valuating the coastal protection services provided by 

nearshore habitats. Substantiated by the model results, nearshore habitats along a WCVI beach 

do play a role in reducing coastal vulnerability and coastal erosion.  Moreover, with valuation 

estimates (close to $1 million) nearshore habitats are assigned a number that represents a market 

value from which to base future management decisions.  Although only estimates, these figures 

draw attention to the economic value of nearshore habitats, and the coastal protection benefits 

derived from intact ecosystems.  Thus, these model results offer a different perspective for 

stakeholders and decision-makers to reconsider the value of coastal protection; particularly as it 

relates to the role of sand dunes.   

The following summary is based on the results of this thesis study, and includes 

recommendations (in italics) which may serve to inform future policy and decision making for 

local and regional managers in BC, and perhaps other coastal communities, regarding the 

protection of ecosystem services provided by coastal and marine ecosystems.  

1. Limited spatial habitat data was found within the study area (Cox Bay, WCVI, BC) and 

has likely led to an underestimate of the coastal protection services provided by nearshore 

habitats calculated in the model results.  To base sound management decisions, an 

understanding of the relative distribution of habitats in the marine and coastal 

environment is critical.  Systematic marine mapping inventories of nearshore coastal 



COASTAL PROTECTION SERVICES OF NEARSHORE HABITATS 70 
 

 

habitats should be a priority on both a local and regional scale; in support of ecosystem 

based science that help to inform trade-off decisions. 

2. The model results indicate that nearshore habitats do play a role in reducing coastal 

vulnerability and coastal erosion at the Cox Bay study site.  Sand dunes in particular 

provided the greatest amount of coastal protection, whereas seagrasses (eelgrass, kelp) 

were found to have a negligible effect.  However, this may be a function of their relative 

location to the study site (> 3 km).  For long term protection of nearshore habitats and 

the coastal protection services they provide, sand dunes should be a conservation priority 

as part of any local or regional coastal development and/or climate adaptation plans.  

3. The model results estimate an avoided damages cost of approximately 1 million dollars – 

the first known valuation of coastal protection services provided by nearshore habitats in 

BC or Canada.  Provided with an economic valuation of coastal protection services (a 

non-marketed service), decision makers are better able to discern how their communities 

benefit from nearshore habitats, and the cost of replacing that service if lost or destroyed 

(the “real cost”).  Incorporate valuations of natural capital or ecosystem services into 

institutional decision making (on a local or regional scale), which is often concerned 

with how much habitat to preserve vs. allocate to human activity.  

4. Incorporating an ES approach into institutional decision making is somewhat complex 

and leads to hesitancy in adopting.  The models used in this thesis are the only ones 

known to be freely available to the public and can serve as important visual 

communication tools to convey complex information in support of large scale planning 

processes (e.g., CAP, MSP).  Natcap models are suitable spatial mapping tools to 
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incorporate an ES framework into institutional decision making; however, are best suited 

for organizations with strong GIS capability, have access to a range of scientific experts 

and are committed to long-term stakeholder involvement. 

5. Coastal erosion impacts affect all BC coastal communities directly, and with a changing 

climate, are expected to become more severe.  As underscored by the valuation estimates, 

remedies can be costly, and may even lead to ineffectual action or inaction if jurisdictions 

operate independently.  All levels of government with jurisdictional or legislative 

authority over coastal and marine environments should seek collaboration with 

stakeholders to address future coastal vulnerability risks; particularly as it relates to 

climate change impacts.    

In conclusion, people protect what they value.  In order to increase the value of 

nature, society must improve its understanding of the services and benefits nature provides.  

The intention of this thesis study is to raise awareness of the concept of ecosystem services 

through an examination of the coastal protection services provided by nearshore habitats on 

the WCVI, BC.  In so doing, this study represents one small measure towards helping to 

create a more sustainable outlook on how to manage natural capital for human well-being.     
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Appendix 1.  Glossary of Terms 

The following definitions are intended to provide clarity in terminology. The definitions were 

taken from the MEA (2005b) and were considered reasonable descriptions given the nature of 

this research study.  These are not conclusive definitions, and are meant only as a guide. 

Coastal Protection: Coastal protection in the context of ecosystem services, and as defined by 

the models, considers the risk of exposure to erosion and flooding, and quantifies the shoreline 

protection provided by natural habitats.   

Coastal Systems: Systems containing terrestrial areas dominated by ocean influences of tides and 

ocean spray, plus nearshore marine areas.  The inland extent of coastal ecosystems is the line 

where land-based influences dominate up to a maximum of 100 km from the coastline or 100m 

elevation (whichever is closer to the sea), and the outward extent is the 50m depth contour.  

Ecosystem Approach: A strategy for the integrated management of land, water, and living 

resources that promotes conservation and sustainable use.  An ecosystem approach is based on 

the application of appropriate scientific methods focused on levels of biological organization, 

which encompass the essential structure, processes, functions, and interactions among organisms 

and their environment.  It recognizes that humans are an integral component of many 

ecosystems.   

Ecosystem Based Management: An approach to maintaining or restoring the composition, 

structure, function, and delivery of services of natural and modified ecosystems for the goal of 

achieving sustainability.   
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Ecosystem Services:  The benefits people obtain from ecosystems.  These include provisioning 

services such as food and water; regulating services such as flood and disease control; cultural 

services such as spiritual, recreational; and supporting services such as nutrient cycling that 

maintain the conditions of life on Earth.  The concept of ecosystem “goods and services” is 

synonymous with ecosystem services and natural capital.  

Human Well- Being: Comprising of basic material for a good life, freedom and choice, health 

and bodily well-being, good social relations, security, peace of mind and spiritual experience. 

Sustainability: A state whereby the needs of the present can be met without compromising the 

ability of future generations to meet their needs. 

Trade-Off: Management choices that intentionally or otherwise change the type, magnitude, and 

relative mix of services provided by ecosystems. 

Valuation: The process of expressing a value for a particular good or service in a certain context 

(e.g., decision-making), usually in terms of something that can be counted, often money, but also 

through methods and measures from other disciplines (e.g., sociology, ecology).  For non-

marketed goods, in the absence of commensurable data, “avoided damages” or “replacement 

costs” are considered an acceptable economic approach to valuation (Philcox, 2007). 
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Appendix 2.  Model Outputs 

The following selected model outputs have been included to enhance interpretation of the 

results.  More specifically, the parameters below may be of benefit for potential users who wish 

to apply the models in the future.   

 

PROFILE GENERATOR PARAMETERS 

Date and Time: 2013-11-26 13:23 

Workspace: C:\InVEST_LisaChristensen\20131126 

Label for Profile Generator Run (10 characters max): CoxBay 

Land Point: LandPoint_CoxBay 

Land Polygon: LandPolygon_WCVI 

Do you want us to cut a cross-shore transect in GIS?: (1) Yes 

IF 1: Bathymetric Grid (DEM): claybark_dem 

IF 1: Habitat Data Directory: C:\InVEST_LisaChristensen\20130916\Habitats 

IF 1: Land Point Buffer Distance: 500 

IF 1: Length of your profile [km] 11 

IF 2: Upload Your Cross-Shore Profile:  

Smoothing Percentage (Value of '0' means no smoothing): 5.0 

Nearshore Waves Excel Table: 

C:\InVEST_LisaChristensen\20130916\ErosionProtection_Lisa_Nov 26.xls 

Wave Watch III Model Data: WaveWatchIII 

Wave Watch III Search Distance: 50 

Do you wish to calculate fetch for LandPoint?: (1) Yes 

Script location: C:\InVEST_2_5_6_x86\python\CP1_ProfileGenerator.py 
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COASTAL VULNERABILITY INDEX PARAMETERS 

Date and Time: 2013-09-20 14:16 

Workspace: C:\InVEST_LisaChristensen\20130916\VulnerabilityIndex_NoES 

Scratch Workspace: C:\InVEST_LisaChristensen\20130916\VulnerabilityIndex_NoES 

Fetch Calculator Tool Run Workspace: C:\InVEST_LisaChristensen\20130916\FetchCalculator 

Global Population Raster:  

WIND-WAVE EXPOSURE - Wave Watch III Model Data: 

C:\InVEST_2_5_6_x86\CoastalProtection\Input\WaveWatchIII.shp 

WIND-WAVE EXPOSURE - Average Depth (meters) within AOI: 28.0 

RELIEF - Digital Elevation Model (DEM): claybark_dem 

NATURAL HABITAT - Directory with Layers:  

NATURAL HABITAT - Layers CSV Table:  

GEOMORPHOLOGY - Shoreline Type: C:\InVEST_LisaChristensen\20130916\D.O.T. 

habitats_Lisa\D.O.T. habitats\Intersect_Shorezone.shp 

SURGE POTENTIAL - Continental Margin:  

SEA LEVEL RISE: Zones Indicating Net Rise or Decrease: 

Script location: C:\InVEST_2_5_6_x86\python\CP0_VulnerabilityIndex.py 
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Appendix 3. Enlarged Maps and Photos 

For enhanced viewing, the model outputs (Figures 11-15) and photos (Figures 3, 10) from the 

main body of the thesis paper have been enlarged and are provided below. 
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       Figure 11.  Nearshore habitat locations in Esowista Peninsula, Vancouver Island, BC. 



COASTAL PROTECTION SERVICES OF NEARSHORE HABITATS 91 
 

 

Figure 12. Coastal Vulnerability Index of Cox Bay with habitat. 



COASTAL PROTECTION SERVICES OF NEARSHORE HABITATS 92 
 

 

 
Figure 13. Coastal Vulnerability Index of Cox Bay without habitat. 
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Figure 14. Coastal vulnerability of Esowista Peninsula with habitat. 
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Figure 15. Coastal vulnerability of Esowista Peninsula without habitat. 
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Figure 3. Photo 1. Cox Bay intertidal zone at low tide (Photo taken by L. Christensen). 
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Figure 3. Photo 2. Cox Bay foredune (Photo taken by L. Christensen). 
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Figure 3. Photo 3. Detached kelp deposition in Cox Bay intertidal zone (Photo taken by L. 

Christensen). 
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Figure 3. Photo 4. Dune grass and woody debris at base of Cox Bay foredune (Photo taken 

by L. Christensen). 
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Figure 10. Photo 1. Rip rap (shoreline armouring) placement at toe of Cox bay foredune 

(northern section). Photo courtesy of Richard Close.  
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Figure 10. Photo 2.  Steel sheet pile (shoreline armouring) placement at toe of Cox bay 

foredune (mid section). Photo courtesy of Richard Close. 
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Figure 10. Photo 3. Steel sheet pile (shoreline armouring) placement at toe of Cox bay 

foredune (mid section).  Photo courtesy of Richard Close. 
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Figure 10. Photo 4. Storm event (2011), showing evidence of erosion and littoral drift debris 

(southern section).  Photo courtesy of Richard Close. 


