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Executive Summary 

Dykes and adjacent marshlands are of 

strategic importance for climate change 

adaptation as they provide the first line 

of defense for many coastal 

communities from storm surge, sea 

level rise and erosion hazards. The 

practice of re-introducing tidal flow to 

former dykelands, or managed 

realignment (MR), has been actively 

performed for over a decade in Europe. 

A case for realignment is typically made 

to decrease cost of maintaining failing dykes and habitat creation/restoration. If designed 

properly, MR projects can provide sustainable environmental and social benefits. Increasing 

the amount of tidal wetland habitat allows for much needed environmental protection and 

also establishes boundaries of coastal development, directly and indirectly increasing 

sustainable conservation. By re-locating defense structures and restoring more tidal 

wetland, the amount of protective buffer between the water body and critical infrastructure 

(i.e. land protection structures) increases, as does the flood and storm water capacity. Tidal 

wetland response to SLR and their subsequent migration into the accommodation space, 

could be difficult to predict, thereby impacting the way managers can strategize to maintain 

ecological service and protection. All coastal adaptation strategies should be chosen on a 

case by case basis; no strategy should be used as default.  

 

Managed realignment within the Bay of Fundy region has been identified as a viable 

adaptation method to current and future risks associated with climate change (including sea 

level rise, storm surge and erosion hazards); however, limited information exists about how 

to select and follow through with an appropriate site. The challenge becomes choosing sites 

that will optimize ecosystem services while providing climate change adaptation benefits.  

 

The purpose of this project was to develop guidelines and a framework for the managed 

realignment of dykes in the Bay of Fundy to maximize future ecosystem services and 

adaptive capacity to climate change. Five primary objectives were identified: 

 

1.  Determine, based on existing literature and key informant consultations, the key 

variables influencing the success of managed realignment projects for climate change 

adaptation and ecosystem services; 
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2. Develop a suite of marshland assessment metrics within a geographical information 

system (GIS) relating area to be realigned with potential adaptation and ecological 

benefits; 

 

3. Apply these metrics to the current extent of the NS Department of Agriculture 

marshlands atlas and assign marsh bodies to three classes of priority; 

 

4. Consult with key stakeholders to identify potential areas for managed realignment  in the 

present and future based on marsh bodies identified in Objective 3 as providing the most 

ecological and climate adaptation benefits; 

 

5. Develop a guidance document and framework for conducting an effective managed 

realignment project once an area has been identified. 

 

A systematic literature review was performed to identify the factors/variables that influence 

the success of a managed realignment project. These include variables associated with 

optimizing ecosystem or habitat services and those associated with increasing adaptive 

capacity to climate change impacts. When considering maximum potential habitat 

restoration, only the area below high spring tide level should be taken into consideration 

and it is recommended that surface elevation prior to breaching should be slightly higher 

than the tidal prism, to avoid over flooding. Additional variables to consider include: 

hydrological networks and geomorphology; sediment composition; local flora and fauna; 

current, historical and planned land use behind the defense structure; and the condition of 

these structures.   

 

There may be dykes, however, that are protecting valuable coastal infrastructure that 

cannot be considered for MR site selection. By analyzing factors that inhibit vulnerability and 

functions that require protection, one can determine what sites can be revaluated. In many 

areas, the type and extent of coastal protection coverage may exceed what is required to 

secure valuable assets. Therefore, the cost of reducing protection size can allow for greater 

ecological benefits through the development of tidal wetland. Upon the successful 

completion of a MR project, little to no monetary cost should be required, except for 

maintenance costs of landward defense. 

 

A GIS multi-criteria assessment framework was developed to provide a coarse prioritization 

of potential candidate sites for realignment in the Avon, Cornwallis and Annapolis estuaries.   

These estuaries were chosen due to the availability of suitable digital data including LIDAR 

and comprehensive Marshlands Atlas. A realignment score was calculated based on 

ecosystem services (e.g. morphology, habitat quality, hydrology, biomass) and adaptive 
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capacity (e.g. accommodation space, dyke length, foreshore, width) less cost (e.g. 

infrastructure, dyke condition). A total of 64 cells, which were made up of 60 NSDA marsh 

bodies, were classified into three classes of suitability. Seventeen percent of the marsh 

bodies analyzed were found to be unsuitable for realignment while forty two percent were 

found to be suitable. Forty one percent were classified as proceed with caution. 

 

The use of a matrix means that metrics can be adjusted in the future as more information is 

available on the marshes. The use of a matrix also means one can adjust the weights and 

ranking scale of variables not only in response to new data, but also in response to new 

questions. If one is especially interested in a particular variable, such as core habitat or 

accommodation space, one can look at just that component or adjust the weights to make 

that variable more important. It is essential to note however, that this assessment does not 

replace the need to conduct a more detailed individual site assessment prior to realignment.  

In addition, stakeholder involvement at all stages of decision making and design will be 

critical.   
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Introduction 

Dykes and adjacent marshlands are of strategic 

importance for climate change adaptation as they 

provide the first line of defense for many coastal 

communities from storm surge, sea level rise and 

erosion hazards. In addition, given that over 69% of 

coastal wetlands have been lost in the Atlantic 

region (Hanson and Calkins 1996) over the last 

century, restoration/creation of tidal wetland 

habitat is of critical importance. Managed 

realignment of dykes within the Bay of Fundy 

region has been identified as a viable adaptation 

method to current and future risks associated with 

climate change (including sea level rise, storm surge 

and erosion hazards). While the ultimate decision 

to have a particular area of marshland 

decommissioned (e.g. abandon without intervention- allow to naturally go out to sea, or 

intentional breaching / removal of dyke structure and restoration of tidal wetland habitat) or 

realigned (e.g. planned engineering and restoration activity) is a political one (Marlin et al. 

2007), guidance is needed to ensure that the area chosen has the greatest likelihood of 

success, highest benefit to cost ratio and that the activity will result in the recovery (or 

restoration) of viable tidal wetland habitat, while providing continued or enhanced 

protection for adjacent grey infrastructure.   

Purpose & Objectives 

The overall goal of this project was to develop guidelines and a framework for managed 

realignment of dykes to maximize future ecosystem services and adaptive capacity to 

climate change.  Five primary objectives were identified: 

 

1. Determine, based on existing literature and key informant consultations, the key 

variables influencing the success of managed realignment projects for climate change 

adaptation and ecosystem services; 

 

2. Develop a suite of marshland assessment metrics within a geographical information 

system (GIS) relating area to be realigned with potential adaptation and ecological 

benefits; 

 

3. Apply these metrics to the current extent of the NS Department of Agriculture 

marshlands atlas and assign marsh bodies to three classes of priority; 
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4. Consult with key stakeholders to identify potential areas for managed realignment  in the 

present and future based on marsh bodies identified in Objective 3 as providing the most 

ecological and climate adaptation benefits; 

 

5. Develop a guidance document and framework for conducting an effective managed 

realignment project once an area has been identified. 

 

Summary of Climate Change Impacts Affecting Dykelands 

The impacts affecting dykelands due to climate change include sea-level rise (SLR), storm 

surge, coastal erosion and freshwater run-off trapped behind the dyke (Table 1) (van 

Proosdij 2011). There is increased potential for dykes to be over-topped due to high tide 

events and storm surge. This requires increased maintenance of the dyke system which 

include topping and placement of armour stone. Built and maintained to protect agricultural 

lands, current critical elevations of many dykes in the Bay of Fundy region risk overtopping, 

as they will not be able to accommodate rising sea levels in the next century nor storm surge 

(van Proosdij and Page 2012). Freshwater flooding of the dykelands is also a concern while 

the aboiteaux gates remain closed due to the higher tides and storm surge, or if the existing 

gates are insufficient to permit adequate discharge. Dykelands are also vulnerable to 

flooding given the subsidence that has occurred while isolated from tidal flow and sediment 

deposition.   

 

Table 1: Potential climate change issues that impact dykelands (modified from van Proosdij 2011). 

Climate Change 

Issue 

Principles Management 

Implications 

Impacts 

Sea level rise 

(SLR) 

Predicted relative sea-level 

rise in the Upper Bay of 

Fundy region is on the order 

of 1.73 m by 2100 

(Greenburg et al. 2012).  

 

SLR increases all tide levels 

and modifies the position of 

the shoreline.  

Need to increase height 

of dykes to 

accommodate rising sea 

levels.  

 

Need to potentially 

modify boundaries of 

marsh bodies that were 

delineated based on the 

high-water line in the 

1950s.  

Increased potential 

for overtopping 

during high tide 

events and during 

storm surge.  

 

Increased costs 

associated with dyke 

topping.  

 

Increased 

intensity and 

frequency of 

extreme events 

including storm 

surge  

 

IPCC predictions of 

increased return period and 

intensity of extreme events 

(e.g. storm surge, extreme 

precipitation).  

 

Need to increase critical 

elevations of dykes to 

accommodate extreme 

events.  

 

Limit development 

within flood-risk zones.  

 

Extensive flooding as 

dykes are 

overtopped.  

 

Freshwater flooding 

during spring tides 

when aboiteaux are 

closed.  
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Add additional “double” 

aboiteaux to vulnerable 

dykelands to increase 

time of storm-water 

drainage.  

 

Potential for 

significant property 

loss and potential 

loss of life.  

Tidal influences  

 

Highest risk of damage is 

associated with a storm 

event that coincides with 

high perigean spring tides, 

particularly at the height of 

the 18.03-yr nodal Saros 

peak (e.g. 2012–13).  

 

Storms occurring at low tide 

or neap tides will produce 

limited impact.  

 

Higher maximum monthly 

high-water marks in a 4.5-

year cycle, examples being 

the peaks in 1998 and 2002.  

Impact on emergency 

preparedness.  

 

Increased sense of 

security arising from low 

potential of coincidence 

of storm with highest 

tides.  

 

Minimal impacts at 

low or neap tides.  

 

Potential significant 

flooding during Saros 

tides.  

 

Waves  

 

Increased erosion of dykes.  

 

Increased water levels 

associated with SLR will 

increase height of wave at 

toe of dyke,  

 

Increasing erosion and wave 

run-up. Increased wave 

action will increase load on 

the dyke, with potential for 

breaching.  

Need for expensive shore 

protection (e.g., armour 

rock).  

 

Protection of foreshore 

marsh in order to 

dissipate wave energy 

(e.g. Möller and Spencer 

2002).  

 

Increased erosion of 

foreshore marsh and 

increased 

maintenance costs 

for shore protection.  

 

Potential for dyke 

breaching.  

 

Inland flooding  

 

Freshwater cannot be 

drained through aboiteaux 

during high tide, leading to 

extensive flooding within 

dykelands and surrounding 

low-lying areas.  

 

Increased time to drain 

caused by limited capacity 

of the aboiteaux.  

 

Increased inland rainfall and 

runoff puts pressure on 

drainage of freshwater into 

the sea.  

Increased time to drain 

may increase property 

damage.  

 

Potential need to limit 

development within 

flood zones. 

 

Construct a second 

aboiteau above the 

existing structure, above 

the high water line to 

allow for additional 

drainage at all stages of 

the tide.  

Potential for 

significant damage to 

infrastructure.  

 

Impacts on 

agriculture, 

depending on 

season.  
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Report Structure 

This report will begin by a systematic review of adaptation factors, services and strategies 

based on an in-depth literature review. It will build upon and compliment the review 

published in van Proosdij and Page (2012). The review has been expanded to include 

ecosystem services and measures of ecological integrity. The second part of the report 

provides a GIS assessment of the Nova Scotia marsh bodies including the metrics designed to 

support realignment versus the decision to protect or ‘hold the line’. Four sites were used as 

case studies to demonstrate the capabilities of the framework and GIS analysis. The report 

will conclude with a set of key principles for managed realignment, reflection of the process 

of assessment and recommendations for future directions.   

Systematic Review of Adaptation Factors, Services and Strategies 

 

Tidal Wetlands and Adaptation to Climate Change 

The coastline defines Atlantic Canada, physically, economically and culturally. The coast 

directly affects our surrounding landscape and our relationship with it. It has shaped our 

communities by defining past and present settlement patterns while encapsulating a major 

part of our heritage and culture. The coast is made up of a number of important ecological 

systems including tidal wetlands (salt, brackish, tidal fresh and associated tidal flats). These 

tidal wetlands occupy the area of land situated between low and high tide, along our coast 

and river systems, providing a productive landscape for plant and invertebrate species, as 

well as wildlife feeding, breeding and nursery habitat (Rupp and Nicholls 2002; Davidson-

Arnott 2010; TEEBcase 2011). Additionally, they function as a sediment sink, allowing for 

deposition of sediment, facilitating the growth of new tidal wetland habitat (Morris 2012; 

Morris 2013). Tidal wetlands also function as a natural buffer between land and sea 

interactions, influencing wave energy, storm surge and flooding extent along the coast. 

Ultimately, the expanse of intact tidal wetlands can determine the extent of flooding in an 

area, which can affect humans on a social and economic level. Unfortunately, their presence 

worldwide has diminished due to land reclamation practices and unsustainable coastal 

management strategies. 

 

Worldwide, approximately 50% of tidal wetlands have been lost or degraded over the last 

three decades (Luisetti et al. 2011). The estimated tidal wetland loss, specifically salt marsh, 

within the Bay of Fundy is approximately 85% since colonization (Gordon and Cranford 1994; 

Hanson and Calkins 1996; Marlin et al. 2007). Much of this loss has been due to the 

conversion of salt marshes to agricultural lands by dyking. The loss of tidal wetlands will 

impact ecological and social resilience as the climate continues to change. As mentioned 

previously, SLR is one of the greatest hazards associated with climate change and will have a 

profound effect on the coastal zone (Vermeer and Rahmstorf 2009). Relative sea level 
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projections (2010-2100) for the Atlantic Region range from 0.70 to 1.25 m by 2100 (James et 

al. 2013). This number may increase to 1.73 m by 2100 due to additional tidal expansion in 

the Upper Bay of Fundy according to Greenburg et al. (2012). The most recent 

Intergovernmental Panel on Climate Change (IPCC) report (2014) projects an additional 0.6 

m by 2100 compared to the pre-industrial values (1880) from the meltwater contribution 

from the Antarctic. As sea level rises, the level of risk and impacts to coastal areas will 

depend on the type of coastal system affected. It is predicted that higher energy systems, 

such as gravel beaches, may migrate landwards through sudden over wash events (Pontee 

2013). Whereas estuarine environments may take a more gradual movement, as upper tidal 

limit extends landward steadily, inundating more land through time (Pontee 2013). 

However, the ability of these ecosystems to migrate depends on the availability of 

accommodation space (i.e. area landward that is available for habitat expansion). Reducing 

and removing barriers such as dykes in strategic locations not only restores tidal wetlands by 

allowing landward migration, but is an important adaptation strategy for the future as sea 

level change continues to impact Atlantic Canada.  

 

Adaptation, according to the IPCC, is the “The process of adjustment to actual or expected 

climate and its effects” (IPCC 2013). Types of adaptation can be based on timing 

(anticipatory/reactive), intent (autonomous/ planned), or social levels (private/public) (IPCC 

2007; Parkes et al. 2007; Donald et al. 2008). Refer to Table 2 for more detail.  

 

Table 2: Types of adaptation approaches (IPCC 2007).  

Timing 

Anticipatory  

 

Adaptation action that take place prior to 

any adverse effects of climate change 

impacts.  

Reactive 

 

Any action that takes place after adverse 

effect already impacted an area.  

 

Intent 

Planned 

 

Deliberate adaptation techniques to deal 

with adverse impacts of climate change (Falls 

under anticipated time frame) 

Autonomous 

 

Unintentional adaptation to climate change 

through adaptation techniques associated 

with another issue 

Social Scale 

Private 

 

Individuals; Households; Industry 

 

Public 

 

Government; Community or Environmental 

organizations  
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The types of adaptation structures associated with coastal adaptation are generally classified 

as hard, soft or hybrid engineering. Historically, efforts to protect valuable land have 

involved the placement of protective (hard) structures along the coast (e.g. bulkheads, sea 

walls, rock or concrete), to decrease the erosion and landward migration of coastal habitats 

(e.g. tidal wetlands). Structures such as dykes, levees and causeways were built to prevent 

coastal areas from flooding in 

order to create usable land for 

agriculture or infrastructure 

development (Figure 1). This hard 

structure defense approach is the 

main adaptation strategy currently 

used within Atlantic Canada with 

the majority of structures 

constructed/installed well before 

climate change was a factor (CBCL 

Limited 2009; van Proosdij and 

Page 2012). The placement of 

these current protective structures 

may pose ecological and financial 

problems in the future. As sea level 

continues to rise, there is potential for a greater landward impact due to increasing tidal 

range, flooding, increasing storm surge extent, increase in frequency and severity of storm 

events, altering water storage management and water quality. An increase in sea level will 

also change the interaction between sea and coastal geology; potentially increasing erosion 

along areas that will receive more wave energy or tidal action than previously experienced 

(Linhamm and Nicholls 2010; Tibbetts and van Proosdij 2013).  

 

There has been a push within the academic and conservation fields of science towards more 

sustainable, resilient, and holistic approaches for coastal adaptation strategies. This involves 

soft engineering processes that attempt to work with the coastal system to alleviate the 

impacts on coastal users (Table 3). Soft engineering methods, often called “living shoreline”, 

are developing as a significant approach to controlling shoreline erosion and decreasing 

flooding extent, while still providing critical habitat for wildlife and improved water quality 

services (Sumer et al. 2001;  Geeraerts et al. 2007; McGrath 2013).   

 

 

 

 

 

 

 Figure 1: Maintenance of a dyke structure.  
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Table 3: Soft engineering adaptation strategy approaches. 

“Soft” Approaches Examples 

Employs natural materials placed 

strategically so the natural shoreline 

ecosystems may be created or restored. 

The materials used vary from marsh grass 

planting to coir logs, trees, etc.   

• Direct re-vegetating (planting) of 

eroding areas or bare patches with salt 

marsh vegetation, or submerged aquatic 

species. Can also include seeding. 

• Re-grading slope faces to allow for 

proper establishment of vegetation 

communities 

Hybrid Approaches  

Hybrid methods employ the use of natural 

and structural approaches, which allow 

them to be used in higher-energy systems, 

be placed in a way that they have a 

minimal impact on habitat and natural 

function. 

• Use of direct planting or seeding and 

low-lying sills, marsh toe revetments 

and other structures 

• Use of breakwaters in high wave energy 

areas 

 

It is important to note that, although defense structures may have implications on the 

coastal geomorphology of the area, it may be the only option for some high energy systems 

that experience high wave action and erosion rates with valuable assets adjacent to the 

coast.  In these circumstances the cost of maintenance of these defense structures might be 

unavoidable. However, there is evidence that excessive stabilization of any coastal system 

through hard, structural approaches may have, in itself, a negative impact on the very 

systems they are intending to protect (e.g. increase wave energy, increased erosion, reduced 

sediment supply within a littoral cell, loss of ecological function, increase severity of damage 

when structures fail, reduced resilience) (Sumer et al. 2001; Bernatchez and Fraser 2012). 

 

Tidal wetland response to SLR and their subsequent migration into the accommodation 

space, could be difficult to predict, thereby impacting the way managers can strategize to 

maintain ecological service and protection. All coastal adaptation strategies should be 

chosen on a case by case basis; no strategy should be used as default. However, having an 

over-arching coastal zone management strategy that includes the development of regional 

strategies, and provides guidelines for appropriate actions is critical. Adaptation planning for 

the future will assist individuals, community groups and governments prepare for the 

impacts and cost of climate change and SLR increases. Increased awareness, and the 

proactive application of initiatives, will allow for knowledge expansion through monitoring 

efforts and a subsequent improvement in how the initiatives are applied. One adaptation 

approach that can be integrated into planning is managed realignment, a hybrid engineering 

approach, which, if applied successfully, can increase community resilience to sea level rise, 

well as enhance ecological integrity and the overall habitat and water quality in the area.   
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Managed Realignment 

The cost and need for dyke maintenance are expected to increase in the coming years in 

order to keep pace with SLR (Shaw et al. 1998; van Proosdij and Page 2012). In some areas it 

may not be physically, economically or socially feasible to maintain the dyke and aboiteau 

systems. In these instances, alternative management strategies will be necessary. Converting 

a portion of available dykeland back to tidal wetland can allow for increased coastal 

protection and reduced costs. This is known as managed realignment (MR), managed 

retreat, or set back, and involves the deliberate breaching of a coastal defense structure; 

allowing for fluvial influences (tidal waters) to move landwards (Figure 2) (French 2006; 

Davidson-Arnott 2010). Turner et al. (2007) considered a number of MR designs that can be 

applied to an area, depending on their desired function. The two main functions of MR are 

the restoration of tidal wetlands and expanding the extent of sustainable coastal defenses 

while decreasing maintenance costs (Pendle 2013).  

 

 
Figure 2: Managed realignment showing movement of the hard structure (dyke) landward, with 

subsequent migration of the tidal wetland inland. 

 

MR, with a focus on tidal wetland habitat restoration, has only been implemented within the 

last three decades (Morris 2013) and to a very limited extent in Canada. There are a number 

of options or designs for MR (DEFRA and EA 2002), which include: retreating to higher 

ground, constructing a set-back line of defense, shortening the overall defense length to be 

maintained (partial or complete removal), reducing wall or embankment heights or widening 

a river flood plain (Möller et al. 2001; Wolters et al. 2005; Shepard, et al. 2011; Luisetti et al. 

2011). An example of a partial removal of the defense structure is Paull Holme and 

Alkborough in the Humber Estuary; Morris 2013).  
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If designed properly, MR projects can provide sustainable environmental and social benefits.  

Extending the area of intertidal habitat allows for much needed environmental protection 

and also establishes boundaries of coastal development, directly and indirectly increasing 

sustainable conservation. By re-locating defense structures and restoring more tidal 

wetland, the amount of protective buffer between the water body and critical infrastructure 

(i.e. land protection structures) increases, as does the flood and storm water capacity. 

 

Designating accommodation space for current and future coastal flooding issues decreases 

the potential for coastal squeeze (Figure 3). Coastal squeeze is most widely termed as “one 

form of coastal habitat loss, where intertidal habitat is lost due to the high water mark being 

fixed by a defense or structure (i.e. the high water mark residing against a hard structure 

such as a sea wall) and the low mark migrating landwards in response to SLR.” (Pontee 2013 

p. 206). This relationship can be equally beneficial, given it creates accommodation space 

and dissipates wave energy thereby reducing the risk of storm surge and flooding events, 

which could impact human development and livelihood. Recognizing the importance of 

intertidal habitat (e.g. tidal wetland) integrity as a potentially viable climate change 

adaptation strategy can allow for the development of MR policies. 

 
Figure 3: Coastal squeeze rendering (from www.escp.org.uk). 
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Current Drivers  

The main drivers of MR projects include habitat restoration, coastal infrastructure and 

community protection. For MR project implementation to be considered a beneficial 

investment, a clear understanding of one or more of these benefits is needed. Projects that 

have an environmental, economic or research initiative associated with them tend to be the 

ones that evolve and are implemented the quickest. Each of these initiatives has the power 

to enhance cooperation and partnerships between working groups and the community, 

which may increase the likelihood of success. Main objectives of European MR projects to 

date have been related to protection of the coastal environment by restoring and enhancing 

intertidal habitat. The primary goal of these MR projects has been recovery/restoration of 

historical tidal wetland systems lost due to historical agricultural practices (dyking) or more 

recent development activities (DEFRA 2002; French 2006; Roman and Burdick 2012; van 

Proodsij 2011). The UK Department of Environment, Food and Rural Affairs (DEFRA) 

conducted a European wide assessment of current MR approaches, investigating current 

drivers for MR throughout Europe. Results showed that the number one driver for MR 

within Germany, Denmark, and US was habitat creation (DEFRA 2002). Within The 

Netherlands and Scotland, habitat creation was considered an important driver (one of the 

top 4), but not the main factor in the decision to use a MR approach. The top two drivers for 

implementing MR in the Netherlands and Scotland were lower defense costs and better 

coastal protection strategies.  

 

MR has become widely accepted within research institutions, as well as documented in 

climate change management strategies, as being an excellent form of avoidance adaptation 

to coastal flooding, erosion and sea level rise. However, it has gained little to no attention 

within the public sector as being an economically sustainable practice for water 

management and coastal defense strategy (DEFRA 2002; Townend and Pethick 2002; Greene 

2006). This is partly because of its history as being a biological and habitat conservation tool 

(DEFRA 2002). MR has many benefits apart from being conservation areas; however, their 

acceptance as a reliable management plan for sea level change is mainly out of the public 

eye. Knowledge within institutions and among planning professionals regarding the benefits 

of MR has been occurring. The next step is increasing public knowledge to bridge the gap, 

clarifying that MR can be both an increase in habitat space and a coastal defense, which can 

be highly beneficial for their communities’ climate change resilience. 

  

Concerns about economic development and transportation safety have become an 

important driver for MR, which would increase protection from current and future 

occurrences of flooding and storm surge. Newer MR planning focus’ on comparing the costs 

of current defense structures to the costs and benefits of breaching existing locations for 

MR. Lower defense cost and better protection are considered important factors within many 
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European nations and are the most important factor within the Netherlands and Scotland at 

this time  (DEFRA 2002; French 2006).  

There is also an increased emphasis on sustainable partnerships between different interest 

groups to take an active role in MR projects. Some strategies believe that the success of MR 

implementation was because of these partnerships. Engagement from a variety of social 

groups allows for improved relationships, as well as increasing the social and cultural quality 

of the community, while mutually benefiting the environmental sustainability of the coastal 

ecosystem (Townsend and Pethick 2002; Rupp-Armstrong and Nicholls 2007).  

 

Outside of the UK, very few open coast examples of MR projects are found within the 

academic literature (DEFRA 2002; Mazik et al. 2010; Esteves 2013). Atlantic Canada tidal 

wetland restoration projects have occurred due to a number of the same reasons: 

compensation; reversing environmental effects; and decreasing maintenance costs of 

original defense system (Marlin et al. 2007; Roman and Burdick 2012). Tidal wetland 

restoration, a type of adaptation technique that can be a component of MR, has been 

successfully undertaken within the Bay of Fundy over the past decade (Bowron et al. 2012, 

van Proosdij et al. 2011; Roman and Burdick 2012). A number of sites have been restored; 

however, the practice is still relatively new. The restoration of tidal wetland habitat has been 

the primary driver of projects in the Atlantic Region; however, there are examples of MR 

projects (See Atlantic Region Case Studies: Fort Beauséjour, NB; Musquash, NB; St. Croix, NS 

below).  

 

Land protection structures are an integral component of MR. Currently, many dykes, sea 

walls, causeways and related defense infrastructure were not built to a standard elevation 

that can be maintained with future SLR. Maintenance costs of these structures will continue 

to rise if they are to hold the line of defense in their present location within the tidal frame 

(Möller et al. 2001; Townend and Pethick 2002; Esteves 2013). UK, Netherlands and British 

Columbia (BC) (Canada), have been proactive at incorporating SLR and climate change 

adaptation initiatives into their defense structure maintenance planning (Hoekstra and 

DeKok 2008; BC Ministry of the Environment 2011; van Proosdij and Page 2012). Within 

Atlantic Canada, research is on-going, providing risk and vulnerability assessments of current 

dyke infrastructure, but integration of this information into maintenance planning has yet to 

occur.  

European Case Study: Abbotts Hall Farm, UK  

The first intentional breaching in the UK took place in 1991, in Northey Island along the 

Blackwater Estuary in Essex (Turner et al. 2007). Since then, there have been numerous case 

studies internationally; however, European nations have been the leaders in MR 

implementation and technique development (Turner et al. 2007).  
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CASE STUDY:    

 

Abbotts Hall farm 

Blackwater Estuary 

(UK) 

 
Problem and 

Approach: 

Provide sustainable flood defence and habitat creation.  

Meant to be a demonstration of collaboration between nature 

conversation and farming practices.  

Current location of seaward defence removed; predicted to 

create 40 ha of salt marsh, 9 ha of mudflats and 35 ha of coastal 

grassland created from this project. 

Geographic Setting: Blackwater Estuary in Essex’s, macro-tidal  

Issues: Loss of existing marsh, creek changes, loss of water vole, newt 

and sea slug habitat 

Responses: Each of these important species was relocated or barriers were 

constructed in to protect these species and their habitats during 

breaching.   

First marsh growth after October 2002 breaching followed the 

Spring of 2003. 

Evaluation: 5 years of monitoring: Considered successful 

Saline lagoons formed from freshwater borrow pits 

Fish species found on site: juvenile bass, sand smelt, eel, herring 

sandy goby, three spine-stickleback, mullet 

Accretion and erosion on site.  

Birds species recorded on site 

Creek remained stable 

 

Atlantic Canada Case Studies: Fort Beauséjour, NB; Musquash, NB; St. Croix, NS 

A number of tidal wetland restoration projects have been undertaken throughout NS and 

New Brunswick (NB) since 2005 (Roman and Burdick 2012). Although most of these projects 

have been legislatively required compensation projects with the primary goal of restoring 

tidal wetland habitat, several projects did have coastal protection as one of the project 

objectives. The following three case studies are examples of Atlantic Region MR projects. 
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CASE STUDY: 

Fort Beauséjour, NB 

 
Problem and 

Approach: 

Site consists of two cells, separated by a drainage channel and 

aboiteau, which were both agricultural fields prior to breaching. 

The fields were completely enclosed by dykes with the seaward 

dykes being the oldest. The project was designed in 2009-2010 

with three breaches made in the seaward dyke in October 2010 

(one breach in one cell and two breaches in the other). Driver: 

compensation; coastal protection (MR) 

Geographic Setting: Located in Aulac, along the upper portion of the Bay of Fundy 

on the New Brunswick side, macro-tidal. 

Issues: New Brunswick Department of Agriculture installed the 

landward dykes in 2006 when the seaward dykes began to 

erode and fail. The seaward dykes were no longer being 

maintained. 

Responses: 22 ha of agricultural land returned to the tide.  

Evaluation: Post-restoration monitoring on-going.  

Three years post-restoration: High sedimentation rates with 

areas on site still not consolidated; full vegetation cover not yet 

achieved new dyke was rock armoured in 2013. 
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CASE STUDY: 

Musquash, NB 

 
Problem and 

Approach: 

Site was artificially impounded by a railroad built in 1882, an 

agricultural dyke in the 1960’s and more recently a divided 

highway. In 2005, the agricultural dyke was removed/leveled and 

full removal of the 1097 m of rail bed. A protective dyke, 

aboiteau and parking lot were constructed around one house 

located on the edge of the site. Removal resulted in a dirt road-

like trail where the rail bed and dyke had been and the main 

creek was fully re-connected with the main tidal channel flowing 

through the marsh. Driver: Stewardship; habitat restoration 

Geographic Setting: Located in the Bay of Fundy approximately 20 km southwest of 

Saint John New Brunswick. Headwaters of Musquash River and 

great Musquash estuary. 

Issues: A number of private and government initiatives to protect the 

Musquash estuary, which was designated a Marine Protected 

Area in 2007. 

Responses: 18.8 ha of tidal wetland restored.  

Evaluation: Considered a successful restoration. 

Monitoring for three years post-restoration. 

Re-colonization of brackish and halophyte vegetation species. 

Restoration marsh accreting at a rate necessary to keep pace 

with anticipated SRL. 

Dirt road-like trail re-vegetated. 
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CASE STUDY: 

St. Croix, NS 

 
Problem and 

Approach: 

Included four sites behind agricultural dykes. All four sites were 

fallow with grazing cows at the largest site. In 2009 a total of 

eleven breaches were made in the dykes, two ponds were 

excavated at the largest site and creeks were excavated at three 

of the sites. A new protective dyke was built along the eastern 

site to protect a roadway and major highway infrastructure. 

Driver: compensation; habitat restoration 

Geographic Setting: Located at the upper reaches of the St. Croix River, which 

connects to the Minas Basin of the Bay of Fundy via the Avon 

River, Nova Scotia. 

Issues: Largest site has not reached a steady state with vegetation 

species change still occurring within study plots. High 

sedimentation rates could be providing areas of disturbance for 

difference species to colonize.  

Responses: 18.1 ha of tidal wetland were restored.  

Evaluation: Four years of post-restoration monitoring and on-going.  

High sedimentation rates. 

Re-colonization of tidal wetland species (brackish species and 

halophytes). 

Development of hybrid creek network with fish usage. 

Storm water retention  

Increased accommodation capacity in coastal areas allows for tidal water to inundate land 

that will not impact coastal infrastructure (i.e. widening/increasing the coastal or river 

floodplain). MR has proved to be an excellent long term approach for increasing resilience to 

flooding and SLR by creating a buffer surrounding the developed coastline (Salman et al. 

2004; Luisetti et al. 2011; Morris 2013, p. 89).  

 

Little to no information is provided within the literature that gives specific volumes 

associated with how much storm water can be retained within a MR site. These values will 

be associated with the flood level and the size of the individual MR site. Olewiler (2004 p. 4) 
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suggests that “four tenths of a hectare of wetlands can store over 6,000 m
3
 of floodwater”. 

Planning along the coast for storm water drainage should attempt to work with the natural 

flow patterns and slope conditions as much as possible.  

European Case Study: Freiston Shore- Lincolnshire, UK 

Freiston Shore- 

Lincolnshire (UK) 

(Symond, 2006) 

 

Problem and 

Approach: 

 Current defence structure was placed too close to the sea 

causing increased erosion by impacting wave energy. Restoration 

was considered to create salt marsh habitat which would help 

with coastal flood protection and wave energy dissipation.  

Sea defence was breached in 3 places, new inland defence 

constructed. 

Saline lagoon constructed to regulate tidal water 

Geographic Setting: 
Freiston Shore is located in Lincolnshite, on the East coast of 

England within the Wash Embayment.  

Issues: Sediment accretion took longer than anticipated.  

Responses: 

Established 66 ha of salt marsh habitat. 86% vegetated by 2006; 

main species being Salcornia europaea.  

Sediment accretion yet to reach maximum height, more time 

required for marsh platform to reach elevation where vegetation 

can grow to maximum potential.  

Evaluation: 

Took 6 years to implement – realignment considered a success 

Realignment site said to have increased tourism in the area 

(Nottage and Robertson 2005).  

Wave energy dissipation 

SLR will impact tidal flood volume and greater depths of water increase inshore wave energy 

(Morris 2012; Morris 2013; Tibbetts and van Proosdij 2013), as larger waves can reach closer 

to shore. Intertidal habitat are different shapes and sizes depending on the angle of 

incoming tidal and/or wave influence, current, how sheltered the area is and steepness of 

channel profile (Kirby 2000). Steepness of profile influences the habitat’s ability to dissipate 

wave energy: the steeper a profile along a coast or river, the less likely it is able to decrease 



 

 

22 Guidelines for Managed Realignment 

Prepared by Saint Mary’s University and CBWES Inc.  

wave energy, allowing for more intense wave action along the coast. For example, the 

Cumberland Basin, NS, has a steep channel profile and experiences high wave energy along 

the coast which leads to erosion issues increasing maintenance costs and flooding 

vulnerability (van Proosdij and Page 2012). Low gradient intertidal habitats dissipate wave 

energy at a different rate than steeper slopes. Cliffed or steep profiles are associated with 

shoaling at the edge of marsh foreshore, increasing wave height rapidly, then decreasing 

rapidly (Möller and Spencer 2002).  

 

Some coastal areas will have much more extensive tidal wetland foreshore width. Foreshore 

width impacts the cost of defense structure maintenance along the backshore. An increase 

in foreshore width in front of a defense structure decreases wave energy, which leads to a 

decrease height necessary for protective defense (Figure 4) (Lidham and Nicholls 2010; 

Doody 2008, van Proosdij and Page 2012). Studies have shown that wave energy has the 

potential to decrease by up to 97% of original incoming wave energy capacity, depending on 

the width of the marsh and vegetation cover (Leonard and Reed 2002; Möller and Spencer 

2002; Möller 2003; Möller 2006; Doody 2008; van Proosdij and Page 2012; Morris 2012). A 

study done in 1999 showed that the presence of salt marsh vegetation increases bed 

friction, and therefore has the potential to decrease wave height by almost 61% (Möller et 

al. 1999), with the wave height rapidly decreasing after the seaward edge of vegetation 

cover (Möller and Spencer 2002). Another study showed that the presence of salt marsh 

vegetation adds friction and can decrease incoming wave height by 70% and wave energy by 

90% (Bird 2000). Wave height and dissipation tends to be linked to seasonal variation in 

vegetation cover (Möller and Spencer 2002; Van der Wal et al. 2008; Pontee 2013), with 

wave energy attenuation near marsh edge greatest from September to November along MR 

sites in Eastern England (e.g. Dengie Marsh) (Möller and Spencer 2002).  

 

 
Figure 4: Pictures of the dyke in Noel, NS, showing differences between A) foreshore and B) lack of 

foreshore. 
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A study along the Alkorough MR site of the Humber Estuary was developed as part of 

Humber Estuary flood risk management strategy. The project resulted in over 175 ha of new 

intertidal habitat, which decreased the top surge tide level by 15 cm (Morris 2012, pg. 60; 

Morris 2013). With the increased accommodation space, a surge level that would have 

overtopped the pre-existing defense structure was able to dissipate enough energy to 

reduce flooding hazards and ultimately maintenance costs (Morris 2012 pg. 60; Morris 

2013). Although all results are site specific, there tends to be an underlying trend that 

increased tidal wetland along the foreshore can decrease incoming wave energy, allowing 

for less impact along the coastline.  

Drainage and Hydraulic Networks 

The restoration of a more natural hydrological regime and the reactivation of hydraulic 

networks allow for the colonization of vegetation with increased tidal influence (Garbutt et 

al. 2006). Plant communities establish themselves around drainage systems (Crooks et al. 

2002), often as seeds are brought into the site from surrounding habitat. Coastal plant 

species have differing levels of salt tolerance, therefore, a zonation of vegetation 

communities is usually established along a floodplain, with the most salt tolerant species 

occurring along the lower elevation areas bordering creeks, river channels and shorelines 

where flooding is most frequent. Hydraulic networks also allow for aquatic species to enter 

the interior of the MR site, influencing ecosystem function (Garbutt et al. 2006; Linkov and 

Bridges 2011).  

 

Examples of MR sites show that drainage networks have established themselves within 

months from first breach (Crooks et al. 2002). After breaching the defense structure, there 

was rapid development of an initial creek (Symonds and Collins 2007; Friess et al. 2013). If 

the entire seaward defense is not taken away during MR, the creek network begins to 

establish at the location of the breach. Therefore, the location of the breach is very 

important to the developmental success of drainage and colonization of tidal wetland 

habitat. Depth and width has the potential to change drastically throughout the evolution of 

MR site post-breach, until stabilization occurs. MR sites have shown similar fluvial creek 

development to natural tidal creeks; taking on a dendritic form, extending throughout the 

habitat, and taking little over two years to develop fully (Symonds and Collins 2007). 

Artificial drainage channels have been constructed within some MR sites in order to enhance 

establishment of adequate drainage within a site (Wolters et al. 2005; Crooks et al. 2002).  

 

Tidal wetland restoration sites have the potential for relict drainage networks to be 

reactivated post-breach; however, this is highly dependent on how much time has passed 

since the site was last inundated (Allen 2000; Weinstein and Kreeger 2002; Chmura and 

MacDonald 2006). More likely the agricultural drainage ditches will be incorporated into the 

restored tidal wetland. The St. Croix River project in NS (Atlantic Case Study above) is an 
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example of agricultural drainage ditches being incorporated into the restoration project to 

become a hybrid channel network (Bowron et al. 2014a). There are other examples of 

restoration projects in the Bay of Fundy region where this has also occurred (Walton River, 

Cogmagun River, Cheverie Creek: Neatt 2013; Bowron et al. 2011; Roman and Burdick 2012; 

Bowron et al. 2014b). At the Walton River restoration site the main channel reactivated a 

relict ditch (Figure 5) (Neatt 2013). Underlying sediment can pose a barrier to sub-surface 

drainage. There was evidence of water logging at the Tollesbury Creek MR site, due to 

agriculture sediment build up (Symonds and Collins 2007).  

 

 
Figure 5: Walton River Restoration Project, NS showing hybrid network and relict ditch re-

activation (CBWES Aerial Photo 2012). 

Sediment Recharge  

MR is dependent on the availability of sediment to accrete and create viable tidal wetland. 

The rate of vertical accretion, or sediment deposition, depends on sediment supply, extent 

and timing of flooding, vegetation cover and drainage as discussed above (van Proosdij et al. 

2006a; van Proosdij et al. 2006b; Pontee 2013). Decreasing accommodation space is a real 

issue for sediment supply and can lead to sediment loss. If there is no space available locally 

for sediment to redeposit, it will be lost to the local system, and deposited elsewhere 

(Konisky et al. 2004; Morris 2012). Hardening shorelines and building dykes can increase 

erosion and reduce the amount of sediment in a system, which can subsequently starve tidal 

wetlands and tidal flats, causing them to drown. In addition, sediment supply loss can 

increase water depth over time, leading to increased wave action along the coast, thus 

adding pressure to defense structures and increasing maintenance costs (Konisky et al. 2004; 

Morris 2012). Local sediment supply and sediment erosion threshold can impact the 

deposition of sediment along the tidal prism and ultimately change intertidal habitat growth 

(Pontee 2013 p. 206). 

 



 

 

25 Guidelines for Managed Realignment 

Prepared by Saint Mary’s University and CBWES Inc.  

Sediment supply is an important factor in the development and sustainability of tidal 

wetland systems. Sediment supply needs to be sufficient enough that when eroded, 

distributed, deposited and redistributed through fluvial processes (tides, current, waves and 

storm surges) it will not compromise the biological integrity of the tidal wetland system. As 

the speed of water slows down, tides move out and water level lowers, suspended sediment 

will be deposited, slowly increasing the height of the marsh platform. 

 

Sediment accretion tends to occur quicker within areas that have a diurnal tidal function, as 

an increase in flooding of the site increases the opportunity for sediment distribution and 

deposition (French 2006). The Bay of Fundy has a high suspended sediment concentration. 

This leads some to believe that realignment sites would have no problem redistributing and 

ultimately creating new lower tidal wetland habitat (Davidson-Arnott et al. 2002; New 

Brunswick Department of Agriculture, Fisheries and Aquaculture 2003). The rate of 

redistribution of sediment depends on the size and shape of the breach as well as the initial 

elevation of the marshland.  

 

In terms of tidal flat habitat, projects in the UK have found their development short-lived, 

within MR sites (Mazik et al. 2010) and there has been growing evidence out of this region 

that it is not possible to re-create sustainable mudflats in high suspended sediment 

concentration estuaries (Morris 2013). However, in the Bay of Fundy region, two areas have 

had significant tidal flat growth (Windsor, NS; Petitcodiac, NB), both associated with 

causeways (barrier). Additionally, the Fort Beauséjour restoration site (case study discussed 

previously) has had such a high rate of sediment deposition that vegetation has been slow, 

and in some areas unable, to colonize. If the establishment of sustainable tidal flat habitat is 

not feasible, the development of other habitat types (e.g. salt marsh) can also provide 

important ecological services (i.e. migratory bird feeding areas) that could compensate for 

the lack of tidal flat habitat. 

 

Through the use of magnetic based fingerprinting, sediment source locations were 

determined along the Frieston Shore, UK management realignment site. Results from this 

study showed that sediment was travelling into the newly breached area from offshore tidal 

flats, as well as neighbouring tidal wetland habitat, meaning habitat restoration within the 

site could occur at the expense of pre-existing tidal wetlands (Rotman et al. 2008). Sediment 

movement has been documented in the Avon River estuary, Bay of Fundy, NS, shifting from 

periods of erosion to accretion over time, from one side of the river to the other (van 

Proosdij and Baker 2007). 

Criteria Evaluation:  

There tends to be four major stages in decision making: scoping; assessing driving forces of 

environmental change, mapping vulnerability, analysis; data collection and pre-
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implementation monitoring or ecosystem functions, determine management scenarios and 

options, and evaluation; cost-benefit appraisal and multi-criteria assessment to determine 

validity (OECD 1993; Turner et al. 1998; Turner et al. 2007). Legislative regimes influence 

decision making processes as well. England and Wales have implemented integrated coastal 

zone management (ICZM) approaches at three different levels: political; executive; and 

coastal community organizations (Luisetti et al. 2011). MR projects should not be conducted 

in isolation from coastal planning at a federal, provincial and local policy level.  

 

Implementing a MR project involves a number of steps to determine site suitability (Figure 

6). When considering maximum potential habitat creation, only the area below high spring 

tide level should be taken into consideration; determining the extent of realignment that can 

be achieved (Luisetti et al. 2011; DEFRA 2002). It is recommended that surface elevation 

prior to breaching should be slightly higher than the tidal prism, to avoid over flooding, 

which can water log the floodplain, increase erosion and decrease potential for vegetation 

growth (Wolters et al. 2005). Water flow and sediment characteristics are important in 

determining the potential extent of MR site. Sediment, as discussed above, should be 

suitable for plant colonization. Local geomorphological processes need to be understood 

before determining the objectives that best fit the MR project site. Site selection should 

occur using pre-determined objectives, in which case the MR site would be chosen based on 

its ability to successfully meet all necessary objectives (Wolters et al. 2005; French 2006).  
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Figure 6: Steps to determine MR site suitability. 

 

Some locations are more suitable for MR than others. Determining potential project site 

locations involves a number of factors (Table 4). The site should be sheltered enough to 

allow for deposition of sediment. Current, historic and planned land use behind the defense 

structure is important, as it can influence how much restored area can be achieved. 

Undeveloped land has been considered to be the most suitable for MR projects (DEFRA 

2003; Shepherd et al. 2011; Andrews et al. 2006). Land use evaluation should be used to 
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determine what land use type is more suitable for realignment. Historically reclaimed areas 

tend to be very suitable for MR, as they have functioned as natural tidal wetland in the past 

(Morris 2013). The dykes protecting these reclaimed areas (dykeland) are also used to 

protect coastal infrastructure. Their current state (width, height, integrity) are important 

factors in the decision to realign. By analyzing vulnerable portions along individual dyke 

systems, it can be determined whether or not that tract of dyke requires maintenance or is a 

candidate for realignment. There may be dykes, however, that are protecting valuable 

coastal infrastructure that cannot be considered for MR site selection (i.e. protecting main 

transportation route that is too costly to build up to appropriate elevation to protect against 

flood events). 

 

If economic growth is the main factor for requiring environmental protection, realignment 

may be undertaken to compensate for loss of habitat and provide increased flood 

protection. Some realignment projects have environmental protection at the core of their 

development. In such cases, maximum habitat creation is the priority over economic 

development decisions. These studies are often very extensive and time consuming in order 

to provide the maximum value added to ecosystem services and habitat restoration. There is 

a much more flexible approach, which prioritizes environmental protection, but is less 

restrictive in scoping of site selection; less criteria placed on determining maximum habitat 

development (Turner et al. 2007 p. 401).  

 

By analyzing factors that inhibit vulnerability and functions that require protection, one can 

determine which project sites can be evaluated. In many areas, the type and extent of 

coastal protection may exceed what is required to secure valuable assets (i.e. length of dyke 

longer than needed for amount of land being used for agriculture). Therefore, the cost of 

reducing the defense structure can allow for greater ecological benefits through the 

restoration of tidal wetland. Upon the successful completion of a MR project, little to no 

monetary cost should be required, except for maintenance costs of landward defense 

(Marlin et al. 2007). 

 

Table 4: Factors to consider in MR site selection (DEFRA 2002; French 2006; Rupp-Armstrong and 

Nicholls 2007).  

Factors Description 

Socio-Economic 

Need 

- Desire and willingness to implement ICZM plan 

- Awareness of benefits (education) 

Main objective Coastal Protection 

- Habitat creation 

- Flooding defence 

Available Low 

Lying land 

- Presence of coastal defenses 

- Current, historic and planned Land use 

- Size of site 
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Information Site History: 

- Land Use 

- Topographic Information 

Geophysics:  

- Wave Climate 

- Tidal Prism 

- Sediment Budget 

- Flood Scenarios 

Chemical composition:  

- Water Quality  

- Sediment Quality 

Ecological:  

- Soil Functioning 

- Local Vegetation 

Cost - Capital (upfront cost) 

- Anticipated (maintenance) 

- Potential (cost of losing potential for land to be used other ways)  

- Compensation Plan 

 

Approaches: 

It is important to select appropriate methods and tools based on local scenarios through the 

use of current data available. Economic value of existing land use types will have to be 

compared to the value of the land as tidal wetland. By examining similar case studies and 

estimating the cost of defending or removing a barrier; cost benefit analysis can be used to 

determine if it is economically viable to implement a MR project. Luisette et al. (2011) 

identified criteria important for the economic evaluation of MR projects, using an ecosystem 

services assessment approach. All construction costs should be added to the capital cost of 

the MR site, including the new line of defense construction and potential maintenance costs 

per year (Luisetti et al. 2011). Initial costs of the realignment project are costly, as well as, 

continuous monitoring of the system to determine project success. This cost can be divided 

between active working groups. Monitoring can provide research opportunities for 

universities and environmental groups.  

 

The risk tolerance approach can be used to help determine potential MR sites. Risk tolerance 

values can change depending on the importance of a social asset; critically important 

infrastructure will have a low tolerance for impacts of climate change and SLR. Areas of 

minor social or economic importance may have a higher tolerance level, therefore, their 

ability to be shifted to another location. These factors need to be considered when making 

MR project site decisions (NOAA 2007).  

 

Determining success and failure of the managed realignment approach should be addressed 

early on within project development, based on the site objectives (Wolters et al. 2005; 
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French 2006). Tidal wetlands take considerable time to establish themselves as a mature 

ecosystem. Majority of case studies examine a time frame greater than 15 years (Garbutt 

and Wolters 2008; Turner et al. 2007; Morris 2013). Similar compositions to natural 

counterparts have estimated to take up to 100 years (Morris 2013 p. 83). Weinstein et al. 

(1997) held the belief that MR was unable to create the same ecologically complex system 

that evolves naturally. Therefore, success of a MR site should be situated within a “bound of 

expectation” based on predetermined percentage levels of vegetation growth within a 

particular time frame (Weinstein et al. 1997; French 2006). This same expectation boundary 

has been used with other criteria factors in the past (Williams 2001; Callaway 2005), and 

could be associated with tidal wetland establishment in the future.  

Constraints: 

As population density and associated infrastructure increases within coastal regions, 

demand increases for waterfront / coastal property development opportunities, and the 

encroachment into vulnerable coastal habitats and flood/erosion prone areas. The majority 

of coastal land within Atlantic Canada is privately owned (CBCL Limited 2009), increasing the 

potential that this land will be developed based on current land use policies. The use of hard 

structures (i.e. dykes, sea walls, rock armour) provides a sense of security among the public 

that they do have in natural defence structures (Myatt et al. 2003). Our general lack of 

understanding and experience with how natural systems function, has increased the 

pressure to build hard defense structures along the coast, instead of adopting more natural 

adaptation strategies (i.e. living shorelines). It is also important to note that the false sense 

of security that the use of hard defence structures creates, can act as a positive feedback 

loop: believing the land is safer behind a particular structure can ultimately increase 

development directly behind it (Myatt et al. 2003; TEEBcase 2011; Luisetti et al. 2011). 

Increased public awareness of the natural process that shape and sustain coastal systems, 

how they function, the risks associated with the use of hard structures, and the pros and 

cons of different adaptation strategies is needed. Although MR is being seen as a viable 

option within the academic and environmental realm, very little of this knowledge and 

experience has made it into the public domain (DEFRA 2002; Rupp-Armstrong and Nicholls 

2007; Abel et al. 2011; Morris 2012). Increased support of research, demonstration projects, 

policy initiatives and public education are necessary to promote MR as viable, economical 

and sustainable practice for coastal zone management.  

 

There are also a number of constraints pertaining to the availability of information. Past MR 

projects have not had adequate pre- and post-alignment monitoring; leaving much 

uncertainty about sedimentation and ecological success. Guidance information providing the 

step by step process of how to select, implement and monitor a MR project is also lacking. 

There are some excellent sources, but accessibility is not readily available to public and 

situated in geographically specific areas (The Environment Agency 2014). Other constraints 
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discussed in the literature involved technical feasibility, direct costs, habitat mitigation 

(compensation), and legal constraints.  

 

Public and political acceptability to implement MR within Atlantic Canada may be 

constrained by land use pressure issues. As addressed earlier on within this report, not all 

coastal systems are created equal; therefore, MR may not be feasible within a particular 

energy regime. Development along the coast may be too costly for a community to use the 

retreat method; other practices may be needed to address local issues. The direct cost of 

MR plans vary from site to site, depending on the amount of planning involved in the pre-

monitoring, breach engineering process, and post-monitoring phases. Sites vary in size and 

complexity, which will also influence cost. The absence of a standard policy and financial 

framework has led to uncertainty for applicability for communities and organizations to take 

the MR strategies seriously (Turner 2007; Abel et al. 2011; Luisetti et al. 2011; Esteves 2013). 

Many MR planning strategies are designed for a particular purpose, and do not take a 

holistic approach by exploring all social and ecological costs and benefits within and 

surrounding the potential MR site (Abel et al. 2011). Limitations of any form of adaptation 

seem to be more of an issue of socio-economic capacity than natural process capacity 

(Nicholls et al. 2007).  

 

Approximately 13% of Nova Scotia’s coast is publically owned (CBCL Limited 2009; Rapaport 

et al. 2013). If a portion of land that is being considered for MR is privately owned, proper 

compensation should be considered. Currently, compensation methods for loss of land have 

been an area of increased uncertainty (DEFRA 2003; Myatt et al. 2003; Greene 2006; Turner 

et al. 2007). Not all MR scenarios require land purchase or compensation. Legislative acts in 

the UK provide some insight on compensation agreements for coastal land owners. One 

strategy for dealing with privately owned lands within a MR project area involves financially 

compensating property owners for up to 10 years if new tidal wetland is encroaching on 

private land (DEFRA 2003).   

 

Key Variables for Managed Realignment Decision Making 

An extensive literature review and key stakeholder consultation, has led to the identification 

of seven key variables (Table 5) influencing the success (e.g. decreased maintenance costs, 

longevity of new dyke, tidal wetland restored etc.) of MR projects for climate change 

adaptation and ecosystem services. These key variables were determined to be the most 

important when making a decision whether or not to undertake an MR project. The two 

primary goals of an MR project in the Bay of Fundy would be climate change adaptation and 

the restoration of wetlands of special significance (e.g. tidal wetlands). Reaching both of 

these goals with one project would be optimal with a greater “bang for your buck” scenario. 

Therefore, deciding which dykelands should be considered for MR is an important one, and 
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having a framework to guide such a process is critical. The key variables discussed below, lay 

the foundation for an MR decision-making framework, from which GIS metrics and a ranking 

system (status of variables) has been developed (described in subsequent section). The 

condition of the dyke at a site, the amount of foreshore that exists, the land use behind the 

dyke, the shape and size of the dykeland and the ability for sediment to accrete at a 

particular location leading to tidal wetland habitat are all examples of the variables that 

need to be considered in the decision to proceed with an MR project and whether the site 

has potential to be a success.  

 

The key variables are identified in this section, but further interpretation of the meaning and 

valuation of the variables is discussed in the analysis portion of the document. The 

interpretation largely depends on the evaluation approach and the question being 

addressed, as well as perspectives and biases one may have. 

 

Table 5: Overview of key variables influencing service provided climate change adaptation options.   

 

Dyke Condition: 

The health of the dyke itself is an important factor in evaluating what measures to take to 

ensure proper management. Identified areas of importance when assessing dyke condition 

and health include: materials used to build the dyke; vegetative cover or bare patches; 

erodibility; width of dyke; height of dyke; crest height; presence or absence of foreshore; 

and exposure to wave and storm activity (Marlin et al. 2007; Perry-Grand 2005). Each of 

these factors need to be assessed separately, however, many of these factors are linked 

synergistically. For example, the presence or absence of foreshore and vegetation cover 

could influence the erodibility of an area. The amount of vegetation or bare patches also 

plays an important role in the consolidation of materials on the dyke, as well as protect 

against direct erosional factors such as wind or waves.  

 

 

Service 

Dyke 

Condition  

Hydrogeomorphology 

and morphometrics 

Sediment 

Dynamics 

Fetch Fauna 

and 

Flora 

Existence 

of 

foreshore 

Land 

use 

Storm 

Water 

Retention 

✓  ✓  ✓ ✓ ✓ 

Wave 

Energy 

Dissipation 

✓  ✓ ✓ ✓ ✓  

Water 

Drainage 
✓ ✓ ✓  ✓ ✓ ✓ 

Sediment 

Recharge 
 ✓ ✓  ✓   
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Understanding the history of the dyke, including composition and previous maintenance, are 

indicative of the physical structure of the dyke itself (Marlin et al. 2007). The occurrence of 

previous realignment or maintenance of the dyke also plays a critical role in determining a 

management plan. For example, if previous maintenance has been ongoing and costly, it 

may be appropriate to look at other options such as realignment (Marlin et al. 2007).  

 
Figure 7: Types of mechanisms that can result in dyke failure (van Proosdij and Page 2012). 
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Aboiteaux 

Aboiteaux are one-way gate structures that allow freshwater drainage while preventing 

influx of saline tidal waters. The design of these structures have evolved over time, however, 

still operate to basic principles. The fine sediments of the Bay of Fundy have a strong 

tendency to flocculate (e.g. settle to the bed as an aggregate of particles that fall at a faster 

velocity then single grains) resulting in rapid siltation on the downstream channel of an 

aboiteau. The downstream channel is ‘flushed’ by freshwater drainage through the 

dykeland, which exits through the gate structure. The size of this structure, therefore, is 

designed not simply to accommodate freshwater discharge, but is typically undersized in 

order to ensure faster velocities into the downstream channel. Therefore, his size may not 

be able to accommodate very heavy rainfall events, as clearly seen in the Truro, NS area in 

recent years. Aboiteau that become too costly to maintain, or there is insufficient draining in 

the channel to maintain, will be abandoned in place (van Proosdij and Page 2012).   

Foreshore Marsh 

The presence or absence of foreshore can be one of the major dictating factors on how well 

a dyke is protected (Marlin et al. 2007; van Proosdij and Page 2012). The foreshore is defined 

as the area of tidal wetland located seaward of the dyke structure. The foreshore size or 

width is dependent upon many characteristics including: sediment accretion and 

consolidation; vegetation species composition; elevation within the tidal frame; and time 

since dyke construction and maintenance. Foreshores have a high wave dissipation capacity 

and can dissipate over 90% of incoming wave energy, depending upon the characteristics of 

the foreshore including vegetation and shape (van Proosdij and Page 2012; Moeller 2006; 

Myatt et al. 2003; Perry-Grand 2005). The size and shape of foreshores created from 

realignment projects would be site specific and vary; however, van Proosdij and Page (2012) 

recommend a foreshore width of 100m for realignment projects. Encouraging tidal flat 

development on the seaward side of the dyke is another option to promote foreshore 

wetland development; after sediment accretion and consolidation, pioneer vegetation is 

able to establish. 

 

 
Figure 8: A typical cross sectional view of a dyke in the Maritimes based on a 1958 Maritime 

Marshland Reclamation Act design (Adapted from: van Proosdij 2011). 
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The actual capacity of a tidal wetland to resist erosion may be reflected in the relationship 

between the water content and mechanical cohesive shear strength of sediment (Crooks 

and Pye 2000; Crooks et al. 2002). As well, other important sediment characteristics such as 

the settling of suspended particles, sub areal exposure, dehydration and compaction may 

play a role in resistance to erosion and the establishment of vegetation communities, which 

can further mitigate wave energy and erosion (Perry-Grand 2005; Mossman et al. 2012). 

Hydrogeomorphology and Morphometrics: 

An understanding of hydrogeomorphology, the interaction of surface and ground water 

within a wetland, and morphometrics (indices of morphology) of the system, are keys to 

determining how well a tidal wetland will establish (vegetation) and thrive. The more well-

established a tidal wetland is, the higher the potential to provide protection for a dykeland. 

Proper elevation, geomorphology, inundation and sediment loads are also important for 

vegetation establishment. A balance needs to be found between changing elevations (loss 

and gain) (Smith et al. 2009; Zeff 1999; Bourmans et al. 2002; Burdick et al. 1997; Crooks et 

al. 2002).  

 

The morphology, or shape of the area, is important in many aspects of shoreline dynamics, 

including fetch, wave attack, currents, sediment transport, and sediment accretion. It can 

also impact ecological factors. For example, surface elevation, controlled by the amount of 

sediment accretion minus the surface compaction, is a factor in vegetation community 

establishment, and is controlled 

by sediment dynamics and 

morphology of a specific area 

(Argow and Fitzgerald 2006; 

Smith et al. 2009). Morphometrics 

refers to the calculated indices of 

wetland shape (e.g. width, core 

versus edge area, etc.). 

 

Creek and drainage networks of 

the existing foreshore play an 

important role in development 

and health of the system (Crooks 

et al. 2002). Proper realignment 

requires a thorough understanding  

of hydrologic networks and its requirements (Konisky et al. 2006; Burdick et al. 1997). There 

is a potential for wetlands to develop after a managed realignment project, and hydrology is 

a major component of this development (van Proosdij et al. 2010). Returning tidal flow to an 

area through MR can result in a self-maintaining tidal wetland, in which the structure is 

Figure 9: Starrs Point marsh in Kings County, NS. 
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dictated by tidal flooding and physical characteristics such as salinity (Warren et al. 2002, 

Smith et al. 2009). 

 

Tidal ranges in the Bay of Fundy are the largest in the world. The ebb and flow tides in this 

region have the ability to carry large amounts of sediment, and therefore impact the amount 

of vertical accretion of sediments in minerogenic tidal wetlands. These tides cause strong 

currents as they flow in and out. The tidal prism, the volume of water flowing in and out of 

an estuary, highly influences the current associated with the tides, along with bathymetry 

and other morphological features (Davidson-Arnott et al. 2002; van Proosdij and Page 2012; 

Zeff 1999; Perry-Grand 2005; Boumans et al. 2002).   

 

Fetch, or the length at which wind can blow over a water body, is an important component 

of erodibility as it is closely linked with wave energy and exposure. That is to say, the greater 

the fetch, the higher the wave energy at any given wind speed (Priest 2006; Hardaway et al. 

2010; Cox et al. 2006). The link between wave energy and fetch is depicted in Table 6 which 

shows, as fetch increases, so does the wave energy. The fetch of a water body can impact 

the wave energy, and therefore the erodibility of a piece of coastline. However, the impact 

of the wave attack is dependent upon several things, aside from fetch, including angle of 

coastline, storm duration, strength of wind, presence or absence of foreshore, bottom 

topography and substrate (Zeff 1999; Perry-Grand 2005; Boumans et al. 2002; Tibbetts and 

van Proosdij 2013).   

 

Table 6: Wave energy as determined by the fetch (longest) of a particular site (modified from 

Hardaway et al. 1984). 

Wave Energy Fetch Length 

Very Low <0.5mi (0.8km) 

Low 0.5-1.0mi (0.8-1.6km) 

Medium 1.0-5.0mi (1.6-8.0km) 

High 5.0-15.0mi (8.0km-24.1km) 

Very High >15.0mi (24.1km) 

Sediment Dynamics 

With tides and other currents carrying large amounts of sediment, sediment dynamics have 

a large impact on the development and health of foreshores (Boumans et al. 2002; Burdick 

et al. 1997). Without erosional forces such as wind or wave energy, tidal ranges play the 

most important role in increasing elevation through sediment accretion (Argow and 

Fitzgerald 2006). Sediment accretion, grain size, organic and water content are important 

sediment characteristics to understand as these characteristics impact the way in which 

sediment moves through a system (Crooks et al. 2002). A balance needs to be found 
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between changing elevations in these systems (loss and gain of sediment) (Boumans et al. 

2002). Coastal processes are very efficient at transporting sediment and modifying 

geomorphology (van Proosdij and Page 2012). Adequate sediment supply is needed to 

maintain the system and any alterations, including realignment, may have an impact on the 

sediment supply or movement. Without sufficient sediment supply, there is a potential that 

tidal wetlands and tidal flats could drown (Van, Loon-Steensma and Slim 2013; Marlin et al. 

2007). In fact, dykeland operators or farmers have taken advantage of the high 

sedimentation rates in the upper Bay of Fundy to replenish the borrow pits on the foreshore 

that are used to top up an adjacent dyke. Over time, however, this foreshore continues to 

rise within the tidal frame and receives less sediment, increasing the potential of the borrow 

pit to become a permanent water feature.   

 

Fauna and Flora  

The vegetation of tidal wetlands assists in decreasing erosion while allowing vertical growth 

of the wetland. Resistance to erosion is attributed to consolidation of sediment by below-

ground biomass, or vegetation root mass. The above ground biomass slows the velocity of 

tidal water and helps capture and accrete sediment. The initial establishment of vegetation 

can provide stabilizing and wave attenuation properties (Kirwan et al. 2009; Kirwan et al. 

2012). Vegetation is thought to play a role in stabilizing hydrologic networks, and can impact 

the development of extensive creek and channel networks that are typically found in tidal 

wetlands (Kirwan et al. 2009). According to Kirwan et al. (2009), numerical models suggest 

that vegetation greatly influences the stability of marshes as they respond to SLR. 

 

Within tidal wetlands, 

vegetation and salinity are often 

measured and monitored 

together as salinity highly 

influences the establishment of 

critical vegetation communities. 

However, the establishment of 

pioneer vegetation such as 

Spartina alterniflora in tidal 

wetlands, for example, can be 

limited by several variables, 

including the sediment 

composition, elevation within 

the tidal frame, availability of propagates, and currents (Figure 10) (Smith et al. 2009; 

Mossman et al. 2012; Konisky et al. 2006; Warren et al. 2002; Boumans et al. 2002; Burdick 

Figure 10: S. alterniflora colonizing restoration site. 
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et al. 1997). As well, special considerations should be taken to identify the presence of at risk 

species (Marlin et al. 2007).  

 

Intertidal fauna, including snails, crabs, and many other organisms, living in the intertidal 

zone, have a high abundance in coastal systems and increase the diversity of the system. 

These fauna are most influenced by physical elements such as waves, currents, sediment 

transport and chemical conditions (Fuji 2007). These organisms play a role in bed 

characteristics and can have impacts on sedimentation and erosion through such 

mechanisms as bio-deposition, organic content, surface traces and burrowing. Through 

these interactions, they have the ability to compact, aerate and change sediment 

composition and erodibility (Perry-Grand 2005; Fuji 2007). 

Land Use 

Land use behind the dyke is important in determining which projects are best for 

realignment. Identifying and mapping present land use, including infrastructure, residential, 

and recreational uses is an important component in realignment projects. Upstream land 

use in a watershed can impact freshwater runoff through increased amounts of stormwater 

runoff. This runoff can also contain agricultural, industrial and household pollutants such as 

nitrogen and phosphorous as well as elevated levels of sediment (Gilbert and Clausen 2006; 

Goetz and Zilberman 2000; Bedan and Clausen 2009; Perryman et al. 2011). Consideration 

for protected areas and critical infrastructure may be required. For example, protected areas 

like parks and historical sites, or critical infrastructure such as hospitals and main roadways, 

may be in need of special consideration (Marlin et al. 2007; Turner et al. 2007). Agriculture 

land also presents an interesting set of variables to take into account including the type of 

crop produced (e.g. vegetables) and productivity of the land. Historical land use should also 

be taken into consideration for realignment projects, for both cultural and historical 

significance (Marlin et al. 2007).  

Winter Conditions (Ice) 

Ice conditions play an important 

role in the protection of coastal 

zones as snow and ice builds up 

along the shore, and provides a 

buffer against wave energy. The 

winter lasts roughly 3-4 months in 

the Bay of Fundy allowing for 

establishment of ice conditions 

(Figure 11) (van Proosdij 2001). In 

coastal areas, ice can manifest as 

shore ice, ice sheets and large Figure 11: Large ice block at Bay of Fundy site. 
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blocks of ice. Each of these types provides a buffer, but also can play a role in seed dispersal 

and scouring of sediment (ATPEMC 1969; van Proosdij and Page 2012). As discussed above, 

scouring plays a role in the bed characteristics. With climate change the potential loss of sea 

ice in northern latitudes, such as the Bay of Fundy, leaves the coast vulnerable to winter 

storms. In addition, the increasing variability in winter conditions (i.e. extended periods of 

warm(er)/wet conditions, less snow and ice, stronger and more frequent storms) can leave 

tidal wetlands and shorelines with little to no ice and snow cover, partially thawed and 

highly vulnerable to winter storms. Also, without this natural buffer and protection for 

defense structures (e.g. dykes) the risk of overtopping and vulnerability of the structures 

increases. 

Ecosystem Services 

Tidal wetlands are not identical, and therefore they do not provide the same type of 

ecosystem services (Wieski et al. 2010). Determining the ecosystem services present, as well 

as valued ecosystem components of the existing dykeland, is essential in understanding the 

value of potential MR projects (Marlin et al. 2007). These ecosystem services can be 

assigned a monetary, or other numerical ranking, to help determine a cost-benefit analysis 

for ecosystem services (Garbutt et al. 2006; Barbier 2012). There are many ways to classify 

ecosystem services outlined in the literature, but no consensus on how to quantify the 

services. For example, Garbutt et al. (2006) categorizes them into provisional (crops), 

regulating (water purification), cultural (tourism) and supporting (primary production) 

services. There can be direct, indirect, intrinsic (intangible values) values services as outlined 

in Barbier (2012). Ecosystem services can also be broken down into goods and services, 

meaning the tangible items used from coastal ecosystems, for example fish, would be a 

good, rather than a service (Barbier 2012; Luisetti et al. 2011). Luisette et al. (2011) classifies 

ecosystem services into intermediate services (ecosystem processes), final services 

(outcomes of the processes), and benefits (benefits to humans).  

 

Even with all of the different classification schemes, tidal wetland and marine systems have 

been well studied for the ecosystem services they provide, and these are discussed 

extensively in literature (Odum 1988; Garbutt et al. 2006; Koch et al. 2009; Wieski et al. 

2010). Using the direct and indirect classification outlined in Barbier (2012) these can 

include: 

 

 Benefits and Ecosystem Services 

 

Direct 

Sediment transport, sediment supply, wave attenuation, primary 

productivity, water supply, fishing, aquaculture,  recreation, 

educational experiences 

 

Indirect 

Nutrient retention, carbon sequestration, nutrient recycling, flood 

control, storm protection, storm water retention, habitat creation, 
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nursery grounds, shoreline stabilization 

 

Intrinsic 
Cultural heritage, spiritual sites, existence of wild places, aesthetics 

 

The sections below discuss an example of ecosystem services that may be provided by 

managed realignment projects, from each of the above categories. 

 

Biomass Production 

Production of above and below ground biomass contributes habitat, food, detritus and 

organic material, seeds, and propagules for the following growing season. For example, it 

provides habitat and a food source for birds and other grazing species (Gray 1992, Gordon et 

al. 1985). The stalks and root systems of salt marsh species have potential to store and 

sequester carbon, which on a larger scale have the potential to offset potential impacts of 

climate change (Sousa et al. 2010). 

Carbon Sequestration 

Vegetation plays an important role in carbon cycling. Both S. patens and S. alterniflora, two 

pioneering salt marsh species, have been shown to be significant sinks of carbon (Sousa et 

al. 2010; Wang et al. 2007). The actual carbon budgets are dependent on the characteristics 

of individual marshes, including hydrodynamics, decomposition rates, carbon pool size, 

sediment properties, and detritus exportation. Below-ground biomass, which is a relatively 

unexplored area, plays an important role in carbon sequestration, as the majority of carbon 

is potentially sequestered below ground (Irving et al. 2011). 

Aesthetics, Recreation and Education  

Tidal wetlands can be used as places of nature and wild space, and provide humans with an 

area to appreciate natural beauty. Tidal wetlands can be incorporated into parks and 

walking paths, to be enjoyed by everyone. This can have many benefits including health and 

wellness, economic revenue, and education (Tonjes 2013). 

GIS Assessment of Nova Scotia Marsh Bodies 

Part 1 

Project Scope and Data Format 

One of the major goals of this project was to develop a series of metrics that can be used to 

provide a quantitative ‘business’ case for a MR project that would maximize ecosystem 

services and increase a community’s adaptive capacity to climate change impacts with the 

least cost. Therefore, the metrics were designed to support realignment rather than deciding 

to protect or ‘hold the line’ on a particular marsh body. As was demonstrated through the 
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stakeholder workshop with NSDA (Appendix B) understanding this distinction is central to 

using the framework most effectively for decision-making. The ultimate decision however 

about whether a dyke will be realigned or not will also depend on very site specific variables 

including stakeholder and political interests.   

 

Initially this work was intended to cover the entire Bay of Fundy region. However a thorough 

literature review, consultation with stakeholders and discussion among the team made it 

clear that a large set of variables would need to be compiled to adequately determine 

realignment potential for a given site. For this reason the work was refocused into three 

primary regions for which extensive high accuracy data were available: the Avon, Cornwallis 

and Annapolis River estuaries. A select number of sites were chosen from these estuaries as 

case studies to demonstrate in detail the capabilities of the framework and GIS analysis. The 

creation of an analysis framework and GIS workflow for this project will make the expansion 

of the dataset feasible in the future. This section of the report will first explain how the 

metrics were calculated and the rationale for their inclusion; address summary statistics of 

all marsh bodies as a whole, then demonstrate the application of the metrics in site 

assessment at two distinct sites for comparison 

 

To adequately identify the restoration potential of a site the team first defined an 

appropriate scale for GIS analysis. The Unit of measurement for restoration potential was 

defined by the group as a self-contained cell represented by a polygon feature class. Each 

cell is the area that would be restored by removal of the dyke (or dam, causeway, etc). 

Polygon Boundaries for these cells were defined by higher high water large tides plus SLR to 

2055 from the LIDAR surface (i.e. HHWLT + SLR to 2055 for Annapolis Valley is 4.715+0.42 

cm = 5.135m CGVD28). In most cases these boundaries are similar in extent to those defined 

in the Marshlands Atlas which identify management units according to the Marshland 

Reclamation Act from 1989 with numerous amendments through the Agricultural Marshland 

Conservation Act c.22, s.1 (amended 2004). These boundaries were determined based on 

the high water line in the 1950s to 1970s (Butzer 2002), through traditional field surveying 

(Butzer 2002; van Proosdij and Page 2012). This high water line was calculated for each 

individual marsh body and an associated dyke critical elevation was calculated to protect 

that area. This became the jurisdictional marsh body boundary and governs the types of 

activities that are permitted within it (van Proosdij and Page 2012). Marsh body boundaries 

often include multiple individual units that would remain separate even after flooding, while 

in other cases the removal of one feature (i.e. causeway, dam) may restore multiple marsh 

bodies, which than need to be amalgamated and treated as one unit. As a result some 

polygons needed to be edited, either by segmenting into smaller units or merging into larger 

ones.  
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The inclusion/exclusion of fringe marshes or passively restored sites (i.e. dykes no longer 

maintained however significant agricultural features still visible) was also problematic during 

polygon segmentation. For example, at NS061_44 (Kennetcook Marsh, Figure 12) only half 

the site is currently dyked and maintained. The other portion of the site was previously 

dyked, as evidenced by ditching and remnant dyke visible in aerial photography. The site was 

treated as one contiguous unit, although from a restoration perspective only half the site 

would be restored while the rest may be considered enhanced. For this reason all data 

should be validated with additional analysis and on-site information before being applied. 

 

 
Figure 12: Example of integration of foreshore and fringe marsh into 2055 marsh body boundary 

NS91 Kennetcook. 

 

Data Sources included several pre-existing data sets including the Marshlands Atlas, Nova 

Scotia Topographic Database (NSTDB), LIDAR digital elevation model (where available), 

provincial aerial photography, and Google Earth (i.e. Streetview). Consultation with 

stakeholders played a key role in interpreting the data and identifying demonstration sites. 

No new surveys, image acquisition or site visits were undertaken as part of this project. 
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There were several sources of error in the processing of the available data which should be 

acknowledged:  

1) The presence of artificial dams in the LIDAR data may lead to misclassification of 

flooded areas. Roadways and Railways of sufficient elevation to prevent overtopping 

may in fact be vulnerable to flooding due to the presence of culverts, bridges, and 

aboiteaux which are not adequately accounted for by LIDAR. However, correctly 

identifying these structures requires field work and manual editing of the digital 

elevation models (DEM) which were beyond the scope of this work. 

2) The NSTDB provides landscape level (1:10,000) base data for the entire province. 

Version 4 of the Resource NSTDB Specification was applied during the revision digital 

map compilation using Softcopy Photogrammetry mapping systems and provides 

files in ESRI shapefile format in the UTM/NAD83 projection and datum. These data 

are not ground truthed and may not always meet the level of detail required for a 

detailed site assessment. 

3) There is producer’s bias present in the interpretation of some features such as 

polygon boundaries (as previously discussed) and flood extents.  As water levels rise, 

cells which were previously isolated can become connected to other cells, creating 

complex boundaries. The decision of where to draw boundaries between cells and 

how these cells should be connected was made with knowledge of the area and 

expertise in the use of GIS software (See Part 2 Elderkin Marsh sample exercise) 

Attribute Description and Computing the “Realignment Score” 

Four categories of attributes were identified from the literature as key variables in 

realignment success and were used to produce a “Realignment Score” for each marsh 

(Figure 13). The ultimate objective was to maximize ecosystem services and adaptive 

capacity while minimizing costs. These attributes are discussed in further detail in the two 

case studies presented in the next section.   

 

A value was assigned for each attribute to describe how well each marsh preformed in that 

category (i.e. Area, Aboiteau). Figure 13 summarizes how each attribute was scored 

statistically and the value assigned to each class. For most categories, scores were assigned 

on a linear scale (i.e. low score of 1 and high score of 4 in 4 classes) with class breaks 

assigned by quartiles. However, for fields involving infrastructure the score was assigned 

using an exponential scale and Jenks natural breaks. This was done to reflect the increasing 

complexity and confounding factors associated with additional infrastructure. It may be the 

case that it would be more appropriate to score other attributes on a non-linear scale as 

well. For example increasing area may offer diminishing returns beyond a certain point. 

Additional data specific to the region (monitoring data, expanded dataset and well-

established reference condition) would be necessary to determine this. The framework of 
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this analysis and the use of a matrix allows for modification and improvement to the scoring 

regime in the future.  

Once scores were assigned, attributes were summed and normalized by category 

(Ecosystem Services, Adaptive Capacity and Cost) (Table 7) and the Realignment Score (RS) 

calculated using the following formula:  
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Detailed descriptions and scoring rationale are given below and a concise field map is 

presented in Appendix A, which includes several attributes generated through intermediate 

processes but not included in the final scoring matrix. All fields were calculated within ArcGIS 

10.1 and Excel. 

 

 
Figure 13: Hierarchical diagram illustrating relationships between metrics and variables used to 

determine the Realignment Score. 
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Table 7: Ranking scale and break method used to determine variable categories for each metric 

within ArcGIS 10.1. 

 Variable Break Method 
Value 

Scale 

Low 

Score 
------------------> 

High 

Score 

Class 1 Class 2 Class 3 Class 4 

EcoServices Component   =sqrt(sum(all))/count(all) 

W_L Quartile Linear 0.40 0.56 0.84 8.27 

P_A Quartile Linear 113 155 188 394 

Thickness Quartile Linear 130 191 301 1407 

Elev_StDv Quartile Linear 0.82 0.93 1.20 71.11 

DD Quartile Linear 14 26 36 159 

Aboiteaux Quartile Linear   1 2 7 

ABSize Quartile Linear 18 28 52 201 

Shape_Area Quartile Linear 13 33 108 2130 

PM_Area Quartile Linear 57% 69% 76% 91% 

MHWDepth Quartile Linear 2.49 1.79 1.39 0.98 

Biomass Quartile Linear 156 344 1165 22279 

AC Component   =sqrt(sum(all))/count(all) 

AC_Percent Quartile Linear 15 20 48 715 

FS_Width Quartile Linear 22 29 36 184 

Dyke_lngth Quartile Linear 8786 1955 1111 584 

Width Quartile Linear 165 247 397 2946 

Exposure Rank Linear Very High High Moderate Low 

Shape_Area Quartile Linear 13 33 108 2130 

PM_Area Quartile Linear 0.57 0.69 0.76 0.91 

MHWDepth Quartile Linear 0.98 1.39 1.79 2.49 

Biomass Quartile Linear 156 344 1165 22279 

Cost Component 
 

=sqrt(sum(all))/count(all) 

DH_maxdiff Quartile Linear 0.78 0.91 1.24 2.93 

DH_meanDiff Quartile Linear 0.38 0.48 0.58 1.86 

DH_MinDiff Quartile Linear -0.09 0.09 0.25 1.32 

A_DL Quartile Linear 10007 633 340 201 

2055_Bldg Natural Breaks (Jenks) Exponential 13 59 122 352 

2055_RRd Natural Breaks (Jenks) Exponential 1013 2502 6058 44025 

2055_Other Natural Breaks (Jenks) Exponential 11 35 138 397 

AS_BldgN Quartile Linear 0.18 0.32 0.65 6.97 

AS_RrdN Quartile Linear 25 61 136 575 

AS_otherN Quartile Linear 0.19 0.38 0.68 6.97 

REALIGNMENT SCORE EcoService + AC - Cost 

Descriptive 

These attributes identify and describe the site but were not used in the calculation of the 

“Realignment Score”.  Additional details are provided in Appendix A. This section identifies 
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the general descriptive characteristics from the Marshlands Atlas including marsh body 

name, cell id, NSDA track, elevation of HHWLT for 2055, the mean high water line and 

current land use where available.   

Ecosystem Services 

These attributes quantify the potential ecosystem services provided by a realignment 

project and highlight the habitat quality or productivity of the site. The attributes may be 

grouped under measures of morphology, habitat quality, hydrology and the potential flora 

and fauna that may inhabit the restored area (Figure 13). Additional details are provided in 

Appendix A.    

Metrics of Morphology include Area, with shape and orientation indicated by the W:L ratio. 

The restorable marsh Area can be considered one of the most direct measures of the 

amount of area available as new habitat. It incorporates both existing foreshore (in front of 

dyke) and fringing (adjacent to current dyke) marshes as these would be integrated into the 

restorable cell. A larger area will yield a higher score (Table 7). The width to length ratio, 

W_L ratio tells us about marsh shape and orientation (i.e., thin and wide or long and 

narrow). In this analysis the width and length of the marsh are approximated using canonical 

analysis (ESRI Help 2013). A standard deviation ellipse is created for each marsh and the 

length and orientation of the major and minor axis of the ellipse reported (Figure 14). An 

algorithm was created to identify which axis was the marsh width (distance from foreshore 

to upland) and which was the length (upstream to downstream edge parallel to the 

watercourse). Marshes with higher width than length tend to be sites where a tidal river has 

been entirely dammed, such as Wellington marsh (see Part 2), and from a habitat standpoint 

are a better investment of resources as a dyke realignment or removal could restore an 

entire system. As such higher W:L ratios will receive a higher score. 
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Figure 14: Use of a standard deviation ellipsoid indicating orientation of the major axis in 

determining Width versus Length rations. 

 

Habitat quality can be viewed as a series of variables that measure for potential habitat and 

species diversity as well as conditions favorable for survival of species (Figure 13). The type 

and ability of species to colonize and survive within a restorable cell is dependent in many 

parts on an adequate elevation of the marsh platform within the tidal frame. This is 

measured as the mean depth of water on the marsh at the mean high water zone 

(MHWDepth). It is an indicator of habitat viability, hydroperiod and potential time to 

maturity. For example, elevations too far above or below the MHW may not become 

vegetated or flood frequently. The further below or above MHW a site is, the longer it will 

take to reach an equilibrium state and the lower the score the site will receive. The 

variability of the marsh terrain and potential habitat zonation can be derived from the 

standard deviation of the mean marsh elevation (Elev_stdv). A larger range of elevations 

permits heterogeneity in the landscape and the creation of microhabitats.   
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In addition, ecosystem services such as habitat and species diversity are highly influenced by 

the shape or form of the main habitat area. The ratio of perimeter to area, P_A, is a standard 

indicator of habitat complexity and is an expression of spatial heterogeneity. Higher values 

indicate more complex habitats with greater amounts of edge, as perimeter length 

increases. If the edge is aligned along a 

water body, it can also provide more area 

for flooding. Because edge habitat is 

important to certain plants and animals a 

higher value in this category yields a higher 

score. Another measure of shape is related 

to Thickness.  This is the distance from the 

upland to the deepest point within the zone 

from its surrounding cells (meters), as 

shown in Figure 9. This is an indication of 

the intactness of a habitat, with larger 

values indicating a larger core/undisturbed area. Just as edge habitat is important to some 

plants and animals, core habitat is essential to others. A higher value in this category yields a 

higher score. 

Finally, since the restorable cell includes ‘natural’ marshes outside the current marsh body 

boundary, for compensation purposes it is often important to differentiate between true 

habitat restoration (e.g. breaching a dyke) and habitat enhancement (e.g. improving 

hydraulic connectivity in a foreshore marsh). This is measured as the ratio of the primary 

marsh body (as derived from the Marshlands Atlas) to restorable cell area (PM_Area).   

 

Hydrology is an important class of metrics that exerts a significant influence on potential 

ecosystem services.  The number and size (ABTsize) of Aboiteaux, as well as drainage 

density (DD), affects the amount of water (and associated nutrients, fish and sediment) that 

can move through a restorable cell. The number of aboiteaux was extracted from the 

Marshlands Atlas (van Proosdij and Perrott 2012) and can be used as an indicator of the 

discharge and drainage network complexity. This is important with reference to water 

quality, fish habitat and storm water retention. Higher values indicate more complex 

drainage networks, with an increased number of primary channels. A higher value in this 

category yields a higher score. The collective size (ABTsize) of all of the aboiteaux within the 

restorable cell provides an indicator of the volume of freshwater discharge within the site. 

This has important implications for water quality, fish habitat and storm water retention. 

Higher values indicate greater discharge which yields a higher score in this category. Finally, 

DD is a metric to be used an indicator of the hydraulic capacity of the marsh based on the 

total length of all channels, ditches, and rivers in the marsh body divided by the total area. 

This was calculated using Nova Scotia Hydrographic Network (NSHN) line features contained 

Figure 15: Schematic depicting measure of 

thickness indicating core habitat (modified from 

ESRI Help, 2013). 
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in the NSTDB, however, the spatial scale of data means that not all waterways will be 

accounted for. Although DD is a critical factor in restoration success, it is also a variable that 

is frequently manipulated through project design elements and therefore easily modified 

(e.g., creation of new channels, passive activation of relict channels, passive or active infilling 

of superfluous channels). A higher value in this category yields a higher score.  

 

The last category of variables that influence ecosystem services are those related to flora 

and fauna. This will be estimated as a measure of plant biomass which can be used as an 

indicator of the total productivity of the marsh for plants, animals, fish and birds as well as 

carbon sequestration rates. Biomass potential was determined based on empirical biomass 

measurements collected in the field during a previous study (Wrathall et al. 2013) for a 

range of surface elevation classes. The marsh was segmented into elevation classes 

matching low, mid and high marsh zones and plant biomass calculated. A higher value in this 

category yields a higher score. Statistics for the Avon and Cornwallis estuary are provided 

inTable 8. 

Table 8: Biomass zones for Avon and Cornwallis salt marshes based on field data in Wrathall et al. 

2013.  

Reclass 

Value 

Elevation boundary 

(m CGVD28) 
Habitat 

Mean Biomass 

(g/m2) 

Mean Percent 

Cover (%) 

1 MWL - 4.84 Mudflat   4.96 

2 4.84 – 5.00 Low Marsh 1091.84 1.15 

3 5.00 - 5.57 Mid Marsh 873.00 5.71 

4 5.57 - HHWLT  High Marsh 1116.73 88.18 

 

Elevation zonation and biomass statistics are not currently available for estuaries beyond the 

Avon and Cornwallis, therefore, where the data are not available the assumption was made 

that end-point biomass and zonation by percent cover would be similar to that of the Avon 

and Cornwallis estuaries. Elevation zones were identified and area calculated based on 

predicted mean percent cover and the productivity values above. This is an issue which 

should be addressed in future work. 

Adaptive Capacity 

These attributes quantify the potential adaptive capacity to climate change impacts provided 

by a realignment project and highlight the ability of the marsh to provide shoreline 

protection now and into the future. This is a combined measure of the physical space 

available to migrate (accommodation space) (ACPerc), erosion protection offered by wider 

foreshores (FS_width), exposure, wave energy dissipation by plant biomass and storm water 

detention (Area, MHWdepth) (Figure 13). The accommodation space is expressed as a 

percent of the current marsh body and represents the area available for the marsh to 

migrate inland with SLR. Since this metric was chosen to represent the greatest potential for 
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migration and expansion, the extreme upper boundary of the IPCC AR5 predictions and 

Richard and Daigle (2011) were used. As such, the upper boundary was defined by HHWLT 

and the predicted sea level rise to 2100 with storm surge and was defined using the same 

processing approach as used to generate marsh body polygons. Additional variables include 

‘Dyke_lngth’ total length of dyke extracted from Marshlands Atlas and FS_width which is 

the mean foreshore width from dyke to shoreline. Greater foreshore width decreases storm 

surge by attenuating waves, decreases erosion and increases dyke health. A high value in 

this field yields a high score.   

During a MR project, wave energy would also be dissipated across the newly exposed former 

marsh body. Therefore the Width of the marsh was calculated from the foreshore to the 

upland edge along the major axis of a standard deviation ellipse created for each marsh. An 

algorithm was created to identify which axis was marsh width. The longer this axis the 

greater distance available to attenuate waves and reduce storm surge, therefore higher 

values yield a higher score in this field. The PM_Area, used in the ecosystem metric, was 

also used to identify areas of a wide foreshore relative to the marsh body. Where this ratio is 

low, some adaptive capacity already exists, making realignment less necessary. High scores 

are assigned to high values in this field. Wave attenuation and storm surge impacts are also 

impacted by plant biomass, the calculation of which was explained under Ecosystem 

Services.  A higher value yields a higher score in this class. Marsh bodies with lower Exposure 

were deemed to have higher adaptive capacity potential and realignment success.  

Qualitative scales of exposure to wave action and tidal current erosion were determined 

based on field observations, consultation with NSDA and shoreline assessment in van 

Proosdij and Page 2012. An important adaptive capacity service that a MR project can 

provide is storm water retention. This can be seen as a direct measure of the total surface 

Area available for storm water infiltration and the potential volume of water that could be 

stored. Marshes that are able to retain a great volume of storm water will have on average 

deeper mean depths, therefore a high value in this category, measured by the mean depth 

of water on the marsh at MHW yields a high score.   

Cost 

These attributes quantify the costs of a realignment project to existing infrastructure and 

dykes and represent an opposing force to ecosystems services and adaptive capacity. It 

could be thought of as a friction factor or resisting force to undertaking a MR project. These 

scores will be subtracted from the total value of the remaining attributes. Cost increases are 

mostly related to presence of infrastructure within the present flood boundary and those in 

the future as well as the anticipated costs of removing the dyke structure. Buildings (BLDG) 

include residential houses, factories, greenhouses, pumping stations and all other structures 

identified in the NSTDB. Since roads and railways (RRd) are linear features, their total length 

within the future flood zone were extracted from the NSTDB. All other infrastructure (Other) 
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found within the marsh body were counted and extracted from the NSTDB, including 

cemeteries, electrical lines, sewage treatment and any other infrastructure. For all three 

attributes more infrastructure results in a higher score applied on an exponential scale, as 

the presence of increasing infrastructure may increase cost in a non-linear manner. This 

process was repeated for buildings, roads, railways and other infrastructure within the 

accommodation space (AS_bdlg, AS_Rrd, AS_Other), normalized by converting to a per 

hectare metric and scored on a linear scale. 

Realignment cost is also related to the condition of the existing dykes. In general, 

maintenance costs of an existing dyke increases the closer the dyke segment is to critical 

elevation (or above). Conversely, dykes with elevations close to or below critical are 

excellent candidates for realignment. Low values in this field are assigned low scores. Min, 

mean and maximum (DH_mindiff, DH_meandiff, DH_maxdiff) values were extracted and 

expressed relative to critical elevation. From a MR perspective, the greater an area that can 

be restored for the smallest length of dyke removed, will be the most cost effective. This was 

measured at the ratio of marsh area to dyke length (A_DL). Larger values in this field indicate 

a greater return on the investment of removing the dyke and therefor a low cost. Large 

values are therefore assigned a low score. This could be considered the inverse for building a 

case to maintain an existing defense structure.   

Part 2: Case Studies and Summary Statistics 

Summary Statistics and Prioritization Trends 

To gain an understanding of marsh body characteristics, summary statistics for all metrics 

were calculated (Table 9) and choropleth maps showing the distribution of the three major 

components (ecosystems services, adaptive capacity and cost) in the three Bay of Fundy 

river estuaries (Annapolis, Cornwalis, and Avon). The scores of the components were 

mapped in three categories (low, medium and high) to match the three classes of 

prioritization. Figure 16 to Figure 24 show the maps generated for each of the estuaries. Due 

to the metrics used there is a correlation to marsh size, with larger sites generally receiving a 

higher score in adaptive capacity and ecosystem services. However, the use of composite 

metrics (e.g. three separate attributes to describe hydrology) in many categories does 

eliminate some of this effect and helps to account for the complexity and variety of 

marshlands. It should also be noted that several large marsh bodies (Windsor and Annapolis) 

have lower scores than expected given their size, largely because much of the drainage 

network is not included in the marsh body polygon (i.e. the primary river). This is an issue 

which should be corrected in future work. Cost scores follow a similar pattern, with built up 

areas like Windsor and Annapolis displaying the highest scores.  
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Figure 16: Ecosystem Services Score for the Annapolis River Estuary. 
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Figure 17: Adaptive Capacity Score for the Annapolis River Estuary. 
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Figure 18: Cost Score for the Annapolis River Estuary. 
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Figure 19: Ecosystem Services Score for the Cornwallis River Estuary. 
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Figure 20: Adaptive Capacity Score for the Cornwallis River Estuary. 
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Figure 21: Cost Score for the Cornwallis River Estuary. 
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Figure 22: Ecosystem Services Score for the Avon River Estuary. 
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Figure 23: Adaptive Capacity Score for the Avon River Estuary. 
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Figure 24: Cost Score for the Avon River Estuary. 

 

Summary statistics were calculated for all marshes and are shown in Table 9. The final 

Realignment scores were also mapped as choropleth maps and as s expected, built up sites 

such as Grand Pré and Windsor were prioritized as not suitable (Figure 25 to Figure 27). 

Other sites, such as Avonport and Wellington (Case Studies), show potential, but due to cost 

or other components need further analysis. Some sites, such as St. Mary’s (Case Study), 

show a great deal of potential in all categories. 

 

Table 9: Summary statistics for marsh bodies. 

  Attribute Mean Max Min 

Standard 

Deviation 

Standard 

Error Median Count 

E
co

sy
st

e
m

 S
e

rv
ic

e
s 

W_L 0.99 8.27 0.18 1.29 0.16 0.56 64 

P_A 161 394 27 75 9.39 154.73 64 

Thickness 254 1407 49 218 27.25 191.21 64 

Elev_StDv 1.04 2.41 0.61 0.34 0.04 0.92 64 

DD 42.6 159.5 0.0 27.2 3.4 38.7 64.0 

Aboiteaux 1.83 7.00 1.00 1.23 0.16 1.00 58 

ABSize 40.38 201.00 0.00 37.00 4.74 28.00 61 

Area_ha 171 2130 3.82 406.04 50.75 32.67 64 
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PM_Area 0.65 0.91 0.00 0.16 0.02 0.69 62 

MHWDepth 1.40 2.49 0.34 0.54 0.07 1.39 64 

Biomass 1724 22279 38 4107 513 344 64 
A

d
a

p
ti

v
e

 C
a

p
a

ci
ty

 
AC_Percent 45.17 715.00 0.00 96.66 12.08 20.00 64 

FS_Width 33.80 183.84 0.00 23.93 3.06 28.95 61 

Dyke_lngth 1552.05 8786.37 69.27 1513.25 193.75 1111.06 61 

Width 386.41 2946.25 52.10 441.84 55.23 246.92 64 

Area_ha 171.27 2129.86 3.82 406.04 50.75 32.67 64 

PM_Area 0.65 0.91 0.00 0.16 0.02 0.69 62 

MHWDepth 1.40 2.49 0.34 0.54 0.07 1.39 64 

Biomass 1724.49 22278.72 38.20 4106.55 513.32 343.59 64 

C
o

st
 

DH_maxdiff 1.12 2.93 0.60 0.51 0.07 0.91 61 

DH_meanDiff 0.50 1.86 0.21 0.23 0.03 0.48 61 

DH_MinDiff 0.08 1.32 -0.69 0.31 0.04 0.09 61 

A_DL 796.68 10007.07 92.25 1682.20 215.38 339.99 61 

2055_Bldg 26.92 352.00 1.00 72.57 14.51 4.00 25 

2055_RRd 4183.22 44025.30 0.00 9067.17 1245.47 802.62 53 

2055_Other 23.77 397.00 1.00 70.29 11.88 3.00 35 

AS_BldgN 0.84 6.97 0.00 1.46 0.25 0.32 34 

AS_RrdN 94.97 575.21 0.00 105.94 14.16 60.51 56 

AS_otherN 0.83 6.97 0.01 1.37 0.22 0.38 40 
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Figure 25: Realignment Score for the Annapolis River Estuary. 
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Figure 26: Realignment Score for the Cornwallis River Estuary. 
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Figure 27: Realignment Score for the Avon River Estuary. 

 

Case Study: Comparison of Wellington and Avonport Marshes 

Site Descriptions  

Two marsh bodies were chosen that highlight different types of morphologies and are 

examples of the varying nature of marsh bodies within the Bay of Fundy. Avonport Marsh 

(NS092) is located at the junction of the Gasperaux and Avon Rivers, by the settlement of 

Avonport Landing. It is characterized by a relatively large area protected by an extensive 

dyke, road and upland system backed by a large topographic barrier.  Wellington Marsh (NS 

56) is arranged on either side of a formerly tidal Canard River and is protected by a relatively 

short extent of dyke at the entrance to the estuary. Figure 28 and Figure 29 show the 

proposed boundaries of the two marsh bodies based on SLR.  
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Figure 28: Current and future (2055) marsh body boundaries based on HHWLT at Avonport 

(NS092). 

 
Figure 29: Current and future (2055) marsh body boundaries based on HHWLT at Wellington marsh 

(NS56). 
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Ecosystems Services 

In the category of ecosystems services both sites scored well, with similar values in most 

categories despite Wellingtons’ much larger size. This is largely due to the distribution of the 

data and the method used to assign class breaks (quartile). Both sites have notably high 

scores in area, Elev_stdv (terrain variability), thickness and biomass and are among the 

larger sites examined. This indicates large, intact, productive sites with good habitat 

zonation and diversity. Figure 30 and Table 10 illustrate the area, percent over and predicted 

biomass for each site. On the other hand both sites scored low in P:A_ratio, indicating less 

complex shapes and less edge area than some other sites. 

 
 

 

Figure 30: Surface Cover maps of Avonport (left) and Wellington (right). 

 

Table 10: Area, percent cover and total biomass for Avonport and Wellington marsh bodies. 

 NS056 - Wellington Marsh NS092 - Avonport Marsh 

Habitat Area (ha) 

Total 

Biomass 

(metric Tons) 

Percent 

Cover 
Area (ha) 

Total 

Biomass 

(metric Tons) 

Percent 

Cover 

Mudflat 177 0 13 31 0 13 

Low Marsh 27 298 2 4 44 2 

Mid Marsh 185 1618 13 22 194 10 

High Marsh 998 11150 72 174 1944 75 

Total 1388 13066 100 231 2182 100 
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However, notable differences occurred in the depth, PM_area and drainage density fields. 

Although it has a considerably higher drainage density, the marsh surface at Wellington is 

approximately 2m below the current mean high water line, which could cause a delay in 

colonisation and development of salt marsh resulting from a realignment scheme. Figure 31 

illustrates the surface elevation and hydraulic networks found at each site. The total area of 

Wellington is largely behind the dyke, whereas Avonport has considerable foreshore and 

fringing marsh which would result in a great deal of enhancement relative to restoration as a 

result of realignment. Overall Wellington comes out with a slightly higher score in the 

category of ecosystems services due to its slightly better hydrology, greater restoration vs 

enhancement ratio and a more favorable W:L ratio which due to the sites location along a 

tidal river. Realignment of the dyke at Wellington could potentially restore the entire river, 

as opposed to the headland at Avonport. 

a) b)  

c) d)  

  

Figure 31: (a) Terrain variability at Wellington and (b) Avonport, and Hydraulic networks at (c) 

Wellington and (d) Avonport. 
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Table 11: Ecosystem service attributes values and scores for Wellington and Avonport marshes.  

Attribute 
NS056 - Wellington Marsh NS092 - Avonport Marsh 

Value Rank Value Rank 

W:L Ratio 4.22 4 0.68 3 

P:A Ratio 64.16 1 99.45 1 

Thickness (m) 875 4 323 4 

Variability (m) 1.50 4 1.65 4 

Aboiteaux 2 4 3 4 

ABSize 2890 3 54 4 

Drainage Density (m/ha) 37.93 4 14.88 2 

Area (ha) 1390 4 231 4 

PM_Area 0.87 4 0.42 1 

Depth (m) 2.01 1 1.38 3 

Biomass (T) 13065.91 4 2182.42 4 

TOTAL 0.553 0.530 

 

Adaptive Capacity 

Wellington and Avonport both score well in area, biomass and AC_Percent fields (Table 12). 

AC_percent measures accommodation space as a percent of the current area. Both sites 

have a considerable area available in the adjacent upland for marsh migration and flood 

water management in the future (32% and 22% respectively) (Figure 31; Figure 32). Both 

sites receive low scores in dyke length, as the extensive amount of dyke present would mean 

a larger amount that would need to be moved or removed to effectively complete 

realignment.  

 

Avonport receives low scores in exposure, depth and PM_area compared to Wellington. Its 

location puts it at high risk of erosion (high exposure rating), mean depth and PM_area are 

counted in both ecosystem services and adaptive capacity components of the final score as 

they serve two functions. As with the ecosystem services score, the presence of extensive 

foreshore and fringe marsh means that there is more enhancement than restoration 

potential at this site and gives a higher score to Wellington than to Avonport. For depth, on 

the other hand, the scores are reversed and Avonport receives a lower rank. From an 

adaptive capacity standpoint, increased water depth provides better stormwater retention 

capabilities. Overall, Wellington provides more adaptive capacity than Avonport. 
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Table 12: Comparison of Adaptive Capacity scores between Wellington and Avonport Marshes. 

Attribute 
NS056 - Wellington Marsh NS092 - Avonport Marsh 

Value Rank Value Rank 

AC_Percent 22 3 32 3 

FS_Width 39 4 36 3 

Dyke_lngth 1955 1 3121 1 

Width 757 4 261 3 

Exposure Medium 3 Very High 1 

Shape_Area 1390 4 231 4 

PM_Area 0.87 4 0.42 1 

Depth (m) 2.01 4 1.38 2 

Biomass 13065.91 4 2182.42 4 

TOTAL 0.619 0.521 

 

 

  

Figure 32: Accommodation space of at Avonport and Wellington.  

 

Cost Score 

Both Wellington and Avonport scored well in ecosystems services and adaptive capacity, 

attributes that indicate a favorable location for realignment. Cost attributes act as a 

counterbalance, accounting for factors which would make a site less suitable. In this 

category Wellington ranks higher, meaning it would be less suitable for a realignment 

project (Table 13). The dyke at Wellington appears to be in better health than that at 

Building

100 Series Highway

Arterial Road and Local street

Access Lane/Driveway

Unpaved Road

Railroad

Study Area

Accomadation Space

Water
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Avonport, though minimum elevations at both sites are below critical elevations. Both offer 

a considerable amount or area should the dyke be removed and score low in this category. 

Wellington marsh has more infrastructure on the site at present, though Avonport scores 

higher for infrastructure in the accommodation space. Because infrastructure currently on 

the marsh has a more immediate and greater impact on the total score, however, the 

presence of infrastructure and Wellington is more influential than at Avonport. A summary 

of the infrastructure found in each zone is presented in Table 14 and Table 15. 

 

Table 13: Comparison of cost attributes. 

Attribute 
NS056 - Wellington Marsh NS092 - Avonport Marsh 

Value Rank Value Value Rank Value 

DH_maxdiff 1.78 4 0.89 2 

DH_meanDiff 0.67 4 0.26 1 

DH_MinDiff -0.42 1 -0.33 1 

A_DL 7112 1 742 1 

2055_Bldg 13 3 0 
 

2055_RRd 23312 16 4062 9 

2055_Other 24 3 1 1 

AS_Bldg 0.17 1 0.23 2 

AS_Rrd 24.87 1 61.91 3 

AS_other 0.20 2 0.26 2 

TOTAL 0.583 0.469 

 

Table 14: Infrastructure located within the Wellington marsh body and associated accommodation 

space.  

2055 Accommodation Space 

Row Labels 

Sum of 

Feature Count 

Sum of 

LENGTH 

Sum of 

Feature Count 

Sum of 

LENGTH 

ACAS 1 

Sewage Treatment 1 

Building 13 51 0 

Building  11 50 0 

Greenhouse  1 0 

Pumping Station  2 

Designated area 5 4 0 

Auto Salvage Yard 1 

Pile (industrial) 1 1 0 

Pit 2 3 0 

Sewage Treatment Area 1 

Road/Railroad 0 23312 0 7481 

Driveway 0 608 0 877 

Track 0 13094 0 2866 

Paved 0 7038 0 3379 

Collector 0 2844 0 957 
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Collector Bridge/Overpass 0 70 

Local 0 4123 0 2422 

Unpaved 0 2571 0 359 

Local 0 335 0 252 

Resource/Recreation All Weather 0 2236 0 107 

Structure 5 0 

Kiln  5 0 

Utility 5 1604 1 319 

Sewage Settling Pond  2 

Tower  2 

Transmission Line (electrical) 1 1604 1 319 

Water 0 63993 0 10359 

Dam Spine 0 15 

Ditch  0 11245 0 883 

River  0 52733 0 9475 

Grand Total 24 88909 61 18158 

 

Table 15: Infrastructure located within the Avonport marsh body and associated accommodation 

space. 

2055 Accommodation Space 

Row Labels 

Sum of Feature 

Count 

Sum of 

LENGTH 

Sum of Feature 

Count 

Sum of 

LENGTH 

Building 17 0 

Building  17 0 

Designated area 1 1 0 

Auto Salvage Yard 1 1 0 

Road/Railroad 0 4062 0 4608 

Other 0 3319 0 3426 

Driveway 0 979 

Railroad 0 758 0 1384 

Track 0 2561 0 1062 

Paved 0 414 0 681 

Local 0 414 0 681 

Unpaved 0 328 0 502 

Abandoned Road 0 22 

Local 0 328 0 480 

Structure 1 0 

Silo  1 0 

Water 0 5907 0 345 

Dam Spine 0 2 0 9 

Ditch  0 2461 

River  0 3444 0 336 
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Grand Total 1 9969 19 4954 

 

Realignment Score 

The total score for these two sites are very close, and both fall into the “proceed with 

caution” category – an expected outcome given the size and location of the sites (Table 16). 

Because Wellington is a former tidal river restricted at the mouth and is a larger site with 

less risk of erosion, it scores slightly better in the ecosystem services and adaptive capacity 

components of the RS. However, a greater amount of infrastructure and healthier dyke 

make it less favorable from a cost perspective. For this reason, Avonport is a marginally 

better choice. In any case, closer examination of the sites would be required to make a 

decision. Current land use, condition of the aboiteaux, and condition of existing 

infrastructure all require additional analysis. The nature of the realignment would also play 

an important role, as a complete removal of the dyke would yield very different results than 

a relocation of the dyke – particularly at Wellington. 

 

Table 16: Realignment scores for Wellington and Avonport marsh bodies. 

Attribute NS056 - Wellington Marsh NS092 - Avonport Marsh 

Ecosystem Services 0.553 0.530 

Adaptive Capacity 0.619 0.521 

Cost 0.583 0.469 

Realignment Score 0.572 0.582 

 

Case Study: St. Croix River High Salt Marsh and Tidal Wetland Restoration Project 

 

The St. Croix Restoration site was composed of four fallow dykeland sites which border the 

Highway 101 where it crosses the St. Croix River (Figure 33). This restoration site was used as 

a Case Study in the previous section as an example of an Atlantic Canada MR project. In 

2009, the dykes were breached and tidal flow restored to the sites as compensate for the 

construction of two additional lanes of 100-Series Highway (arterial highway) and an 

overpass spanning the river. Four years of post-restoration monitoring has shown rapid 

sedimentation rates, use by a variety of fish, invertebrates and birds and highly productive 

and diverse vegetation communities. The project site was included in this summary, 

although the dykes are no longer maintained, to see how it sites rank with others in the 

area. This exercise will deal only with the largest of the four sites (SCW). 

 



 

 

73 Guidelines for Managed Realignment 

Prepared by Saint Mary’s University and CBWES Inc.  

 
Figure 33: St. Croix River restoration project site. 

 

The metrics and their scores are shown in Table 17. The restoration sites rank moderately 

well (“proceed with Caution” group) relative to other sites in the study area and are a good 

example of the need for careful examination of the data before it is applied in a decision 

making context.  

 

Table 17: Summary of RS values for St. Croix West marsh body. 

Field Value Score 

W_L 0.769 3 

P_A 140.12 2 

Thickness 135 2 

Elev_StDv 0.67 1 

DD 30 2 

Aboiteaux 1 3 

ABSize 10 1 

Area_ha 12.09 1 

PM_Area 0.91 4 

MHWDepth 0.96 4 

Biomass 134 1 

EcoServices 0.4454 
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AC_Percent 8 1 

FS_Width 23 2 

Dyke_lngth 612 3 

Width 172 2 

Exposure Low 4 

Shape_Area 12.09 1 

PM_Area 0.91 4 

MHWDepth 0.96 1 

Biomass 134 1 

AC 0.4843 

DH_maxdiff 0.85 2 

DH_meanDiff 0.68 4 

DH_MinDiff 0.56 4 

A_DL 197.41 3 

2055_Bldg 

 

  

2055_RRd 0 1 

2055_Other 

 

  

AS_BldgN 

 

  

AS_RrdN 109.04 3 

AS_otherN 

 

  

AS_Bldg 

 

  

AS_Rrd 111 1 

AS_other     

Cost 0.4123 

Realignment 

Score 0.5174 

 

This final score for this site is largely a result of three factors. First, the site has low terrain 

variability and is small which results in low scores in all metrics related to size (area, biomass 

and width). However, the site is protected, with good habitat quality scores and a high score 

in PM_Area ratio, indicating lots of habitat restoration versus enhancement. Secondly, the 

steep upland edge present at the site leads to a low score in the accommodation space field. 

Lastly, the dyke is in good health with a low A_DL value, resulting in a high score in the cost 

component despite a lack of infrastructure. 

 

This site was selected for restoration in part due to land uses at the site (marginal pasture, 

fallow) and the loss of the right-of-way for dyke maintenance following the twinning of the 

highway. This would make the dyke health scores irrelevant, since the dyke could only be 

maintained in the future at a high cost, if at all. If the cost component is adjusted to reflect 

the loss of the right-of-way (i.e. scores associated with dyke health removed), the 

realignment score becomes considerably higher and the project becomes a much more 

appealing option. 
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Case Study: Elderkin Marsh (NS014) - Complex boundaries and limitations of the 

data 

 

One consideration for restoration success identified by the team, as part of a marshes 

adaptive capacity score, was the ability of a particular marsh to migrate into its’ 

accommodation space with SLR. To determine accommodation space both the 2055 (revised 

boundary) and the potential flood zone under extreme conditions (SLR to 2100 + storm 

surge) were mapped. The deficit between the areas used to determine potential increase in 

marsh (area and percent) and identify any infrastructure in the zone. The inclusion of the 

extreme event data can result in some complex boundary issues, as was the case for the 

Elderkin Marsh example (Figure 34).  

 

Figure 34: Site location for Elderkin Marsh with 2055 boundaries based on LIDAR elevations. 

 

Located on the Avon River north of the Windsor Causeway (NS Highway 101) and the town 

of Windsor, the Elderkin Marsh is composed of two cells (Figure 35). The smaller cell 

received a very low RS, while the larger cell received a high score, putting them in the “Not 
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suitable” and “Suitable” groups respectively. Under extreme event flood levels the two cells 

appear to be separate (Figure 35). However, upon closer examination the two sites are most 

likely hydraulically connected due to the presence of a bridge on the Falmouth connecter 

crossing the railway tracks (Figure 35). Aboiteaux, culverts and bridges can all appear as 

barriers on a LIDAR surface when in fact they are not, creating an artificial dam in flood 

modeling scenarios. Treating the cells as one unit under extreme flood conditions would 

alter the AC_Percent score and infrastructure scores, increasing both the adaptive capacity 

and score components of the sites. For the purposes of this study the units are treated 

separately, but this is a prime example of why this data should be used for initial 

assessments but does not replace a detailed feasibility study. 

 

Figure 35: Accommodation space identified by extending the Elderkin Marsh NS14 boundary. 
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Another problem occurs where Highway 101 crosses the marsh west of the causeway (Figure 

35). This area is vulnerable to overtopping under extreme conditions at its current elevation, 

and in that scenario considerably more area is available and infrastructure at risk as a result 

(the current marsh body for Elderkin makes up less than 5% of the area that would be 

flooded by an extreme event if roadways or dykes were not maintained). However, the 

assumption has been made for this analysis that the highway (critical infrastructure) will be 

maintained at a sufficient elevation to avoid that scenario regardless of actions taken to 

realign dykes.  

Case Study: St. Mary’s Bay (NS052) - Suitable project with a high Realignment Score 

 
Figure 36: St. Mary's Bay, example of a site with a high RS. 

 

Located near Digby, NS in St Mary’s Bay this is one of the largest sites in the dataset (Figure 

36). The site is currently in use for pasture/hay production and is relatively isolated. The site 

is composed of one cell with several small upland islands inside the site. This site received a 

high RS which put it in the “Suitable” group. Due to its large size, shape, and complex 

drainage network the site scored well in all ecosystem services categories with the exception 

of those related to elevation. The site is substantially lower than MHW and has relatively 

little terrain variability, which could lead to a delay in the development and diversity of 
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typical salt marsh habitat. It also scored well in adaptive capacity, with accommodation 

space available in the upland and on the upland islands and good foreshore width. However, 

the size of the site means there is a great deal of dyke present, yielding a low rank in that 

field. It is known that the site has experienced erosion and received a moderately low score 

in that field. Finally, a low level of infrastructure, large amount of dyke and moderate dyke 

health yield a low cost score and make this site very appealing as a MR project. Score details 

are summarized in Table 18. 

 

Table 18: Summary of RS for St. Mary’s Bay marsh body. 

Field Value Score 

W_L 0.59 3 

P_A 240.28 4 

Thickness 520.57 4 

Elev_StDv 0.86 2 

DD 67 4 

Aboiteaux 2 4 

ABSize 112 4 

Area_ha 393.22 4 

PM_Area 0.70 3 

MHWDepth 2.33 1 

Biomass 4113 4 

EcoServices 0.5530 

AC_Percent 36 3 

FS_Width 32 3 

Dyke_lngth 2774 1 

Width 861 4 

Exposure High 2 

Area_ha 393.22 4 

PM_Area 0.70 3 

MHWDepth (m) 2.33 4 

Biomass (T) 4113 4 

AC 0.5879 

DH_maxdiff 1.24 3 

DH_meanDiff 0.57 3 

DH_MinDiff -0.69 1 

A_DL 1417.41 1 

2055_Bldg   

2055_RRd 4932 9 

2055_Other 2 1 

AS_BldgN   

AS_RrdN 2.93 1 
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Stakeholders Workshops 

Two stakeholder workshops (January and April) were held with members of the NS 

Department of Agriculture (NSDA) during the course of the project. Summaries of each 

workshop are provided below.  

 

First Workshop: January 29, 2014 (duration: 3 hours) 

 

Attendance: SMU/CBWES Project Team and NSDA (8 members) 

 

Goal: The goal of this meeting was to inform the stakeholders of the GoM/Environment 

Canada funded managed realignment guidance/framework project; introduce the members 

of the project team; garner NSDA’s support and participation in the project; and to gain 

feedback on their issues/concerns regarding dykelands in the Bay of Fundy region.  

 

Meeting Format: The meeting was an informal discussion with an overview of 

current/pending activities involving NS Marshlands, a Marshlands Atlas update and a 

discussion on Climate Change Adaptation. The second portion of the meeting was a map 

exercise, which involved the stakeholders identifying areas of concern on large maps that 

were provided. Lastly there was a discussion on future directions. 

 

Lessons Learned and Key Messages: Much of the discussion was generated around climate 

change adaptation initiatives that are currently in progress including: dyke maintenance 

(rocking) and NSDA efforts to increase dyke elevation (top up dykes) to 2055 sea level rise 

estimates. It was identified that this project was both timely and potentially very helpful in 

assisting with “what to do”, “where”, and the “why” in regard to climate change adaptation, 

dykeland management and to initiate the process of identifying and building the case for the 

abandonment/realignment of some dyke systems. There was also discussion on how NSDA 

make decisions, which would assist in the development of the GIS metrics for the GoM 

project.  

Map Exercise: Poster sized maps of all the dykeland systems/marsh bodies on the NS side of 

the Bay of Fundy were placed on the walls of the meeting room. NSDA staff were asked to 

AS_otherN 0.01 1 

AS_Bldg   

AS_Rrd 410 2 

AS_other 1 1 

Cost 0.4472 

Realignment Score 0.6937 
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identify areas of concern using post-it notes (Figure 37). A total of sixty-three post-it notes 

were placed on the maps. Examples of concerns included: debris destroying aboiteau gates; 

boundary issues; erosion of upland; major foreshore erosion; flooding over the road to 

houses; absence of protective foreshore, lack of suitable material to top dyke; locations of 

sites that may make good candidates as tidal wetland habitat restoration and/or 

realignment projects; potential to turn over to NS Department of Transportation and 

Infrastructure Renewal; large rocking required, etc…  

 

 

 
Figure 37: Map of areas of concern as identified by stakeholders, shown with Post-it notes. 

 

Following the meeting, the results of the mapping exercise were brought into a GIS 

environment (ArcGIS) by geographically locating (by point) each of the sixty-three concerns 

identified by the stakeholders. Attributes were also added to identify the point by: NSDA 

Marsh number, County, who identified the concern and the key variable/theme identified as 

the concern. A few examples of key variables or themes identified include: to abandon, 

aboiteau, drainage, overtopping and realignment. 
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A map was created in ArcGIS and then the Map to KML Tool was used to convert the map 

document into a KML file, therefore making it readable by any KML client including and 

Google Earth. The KML file was then distributed to all meeting participants by email. The 

advantage of using a KML is that freely available software (Google Earth) can be used to 

quickly display data in an interactive environment. Within Google Earth the user has access 

to satellite imagery, road layers and border and label layers. The user can zoom in and out 

and click on features to display attribute information, as shown below in the figure. This 

exercise was used, in part, to identify the high priority areas and marsh bodies that were 

used as case studies by this project. 

 

Second Meeting: April 22, 2014 (Duration: 3 hours) 

 

Attendance: Project Team and NSDA (6 members) 

 

Goal: The goal of this meeting was to provide a project update, present the key variables, 

and subsequent GIS metrics chosen for realignment decision making and to solicit input and 

feedback. 

 

Meeting Format: This goal was achieved through a series of presentations by the project 

team covering the various parts of the project (literature review, key variable for 

consideration, GIS analysis, matrices with case studies to illustrate process, and next steps). 

To ensure specific feedback was gained, a number of key points throughout the 

presentations were designated as critical discussion points in order to solicit NSDA input and 

feedback, as well as opportunities for them to ask questions. The presentations began with 

the literature review and key variables chosen for decision making. Then the format of the 

previous stakeholder notes in Google Earth was presented and information passed on to the 

stakeholders on how they can continue to use this software to make notes and 

communicate information with each other about specific sites (dykelands). The next 

presentation was on the GIS metrics, including an example of how they can be used. Lastly, 

there was a short presentation on community involvement and restoration projects. In 

addition, the maps from the previous stakeholder meeting, with the original post-it notes 

still attached, were again on display in order to generate discussion and throughout the 

workshop and as an opportunity to update or add new information. 

 

Lessons Learned and Key Messages:  

There was a good amount of dialogue and feedback during the presentations. It appeared 

that the GIS metrics would be useful for gathering information and decision-making. There 

were many questions on how the GIS metrics might be used for other parameters and if they 

could be used to provide additional information than what was presented. It was clear that 
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decisions to maintain, abandon or to realign need to be based on solid scientific grounds in 

order to negate any biases. Much discussion was had on the issue of the value of dykeland, 

how there is little difference in how the individual farmer values a particular dykeland 

regardless of the specific land use (vegetable production, forage/hay, etc.). There also needs 

to be policy changes to plan for realignment, as variance approval for marsh bodies (i.e. 

approval to build infrastructure on dykelands) can impede future realignment projects and 

the implementation of flood risk protection. Awareness needs to be created (public, marsh 

bodies, government departments) about the current state of dykes/marshes, the risks 

associated with SLR, the rising costs of the status quo and the reality that maybe not 

everything can be protected. Policy changes also need to occur regarding timelines for 

future planning, such as 5, 10, 15 or even 20+ years ahead instead of per fiscal year. We are 

about 20 years behind European countries in terms of techniques used and planning 

initiatives. Dykeland needs to be protected for the future and decisions need to be made 

regarding which dykelands should receive continued protection and which ones can be let 

go to protect others. In making this decision, isolation of the dykeland is important to 

consider and the potential for agricultural use.  

 

Moving Forward and Lessons Learned  

Managed realignment appears to be a viable option for climate change adaptation and 

habitat restoration/creation in the Bay of Fundy Gulf of Maine System similar to comparable 

environments in the United Kingdom and the rest of Europe. Although the application of MR 

in Atlantic Canada is limited to date and may be considered in its infancy, there are many 

lessons to be learnt from the our counterparts in Europe and early experiences in our region.  

One of the most important aspects that the European experience has demonstrated, with 

some local insight, is the need for stakeholder engagement at all levels of the project, from 

feasibility to final design and implementation.  

 

Developing an assessment tool is complex and will never replace site specific design 

considerations. However, it can be a valuable tool to concentrate efforts in areas that have 

the greatest potential for success. The greatest utility of this project is not the product, but 

the framework that was developed (despite the more limited spatial scope) and could be 

developed in the future. The use of a matrix means that metrics can be adjusted in the 

future as more information becomes available on the marshes. The use of a matrix also 

means one can adjust the weights and ranking scale of variables not only in response to new 

data, but also in response to new questions. If one is particularly interested in a particular 

variable such as core habitat or accommodation, one can look at just that component or 

adjust weights to make that variable more important. This could be particularly relevant for 

endangered species. 
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One of the most important aspects and outcomes of this project are the increased 

collaboration and expansion of possibilities and ideas for both research and application 

between the authors and the NS Department of Agriculture.   

 

Key Points 

 

• The estimated tidal wetland loss, specifically salt marsh, within the Bay of Fundy is 

approximately 85% since colonization with much of this loss due to the conversion of 

salt marshes to agricultural lands by dyking. This loss of tidal wetland habitat has had 

a profound effect on the coastal zone, which will impact ecological and social 

resilience as the climate continues to change and sea level rise, one of the greatest 

hazards associated with climate change, accelerates. 

 

• Relative sea level projections (2010-2100) for the Atlantic Region range from 0.70 to 

1.25 m by 2100 and this number may increase to 1.73 m by 2100 due to additional 

tidal expansion in the Upper Bay of Fundy. The most recent Intergovernmental Panel 

on Climate Change (IPCC) report (2014) projects an additional 0.6 m by 2100 

compared to the pre-industrial values (1880) from the meltwater contribution from 

the Antarctic. 

 

• Identifying and designating accommodation space (areas that coastal habitats, such 

as salt marsh, can move into as sea level rises) decreases the potential for loss of 

these habitats and their buffering capabilities due to coastal squeeze and reduces the 

risk of current and future coastal flooding issues.  

 

• The ability of tidal wetlands to migrate landwards in response to climate change and 

SLR depends on the availability of accommodation space (i.e. area landward that is 

available for habitat expansion) and reducing and removing barriers such as dykes in 

strategic locations, which is an important adaptation strategy for the future as sea 

level change continues to impact Atlantic Canada.  

 

• Managed realignment is the intentional process of realigning river, estuary and/or 

coastal defenses. This adaptation to climate change strategy may involve relocating 

infrastructure to higher ground; constructing a set-back line of defense; reducing, 

breaching or completely removing a defense structure (i.e. dyke); restoring or 

creating tidal wetlands; reducing wall or embankment heights or widening a river 

flood plain.  
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• The main drivers of managed realignment projects include habitat restoration, and 

coastal infrastructure and community protection. 

 

• The type and extent of coastal protection may exceed what is required to secure 

valuable assets (i.e. length of dyke longer than needed for amount of land being used 

for agriculture), and therefore, the cost of reducing, relocating or removing the 

defense structure can allow for greater ecological benefits through the restoration of 

tidal wetland, while freeing up resources that could be allocated to the maintenance 

of other defense structures which are protecting critical infrastructure. 

 

• Currently in NS, many of the dykes, sea walls, causeways and related defense 

infrastructure were not built to a standard elevation that can be maintained given 

future sea level rise predictions. The maintenance and improvement costs of these 

structures will continue to rise if they are to hold the line of defense in their present 

location within the tidal frame. 

 

• Many of the dykes in NS are protecting both agricultural lands and coastal 

infrastructure, and in some cases only infrastructure. The current state (width, 

height, integrity) of these dykes will be important factors in the decision to maintain 

or realign. By analyzing vulnerable portions along individual dyke systems, it can be 

determined whether or not that tract of dyke requires maintenance or is a candidate 

for realignment.  

 

• Pre- and post-monitoring of realignment and habitat restoration projects are critical 

to the success of not just the individual project but to the improvement of our ability 

to design and implement future projects. 

 

• Seven key variables (dyke condition, hydrogeomorphology and morphometrics, 

sediment dynamics, fetch, fauna and flora, existence of foreshore, and land use) 

were identified as being critical to the success (e.g. decreased maintenance costs, 

longevity of new dyke, tidal wetland restored etc.) of managed realignment projects. 

 

• Identifying and mapping present land use, including infrastructure, residential, and 

recreational uses is an important component in evaluating potential realignment 

projects, and agriculture land itself presents an interesting set of variables to take 

into account including the productivity of the dykeland.  

 

• The created GIS-based framework can be used to evaluate potential realignment 

scenarios to assist the decision making process, by using data based metrics, which 
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account for the potential ecosystem services and adaptive capacity of the potential 

site, as well as, the costs to infrastructure and dyke health. 

 

• The use of a matrix and composite metrics enables the metrics, weights and ranking 

scale of the key variables to be modified, not only in response to new data, but also 

in response to new questions. 

 

• The GIS framework and associated metrics that was developed as part of this project, 

is a tool that can be used to assist with an initial assessment; however, it does not 

replace a site-specific detailed feasibility study. Limitations of the data, individual site 

issues and the input of stakeholders are all keys to a successful realignment project. 
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Appendix A: Field Map (A: Avon and C: Cornwallis) 

 

Category Alias 
Field 

Type 
Description Toolset 

Score 

Category 
Sites 

Descriptive 

Cell TEXT Restorable cell ID 
Field 

calculator -- 
All 

MARSHNOM TEXT 

Marsh body code from 

Atlas. If a cell contains 

more than one marsh 

body only the first 

code is kept. 

Spatial Join 

-- 

All 

Text_Label TEXT 

Full marsh body name 

from Atlas. If a cell 

contains more than 

one marsh body only 

the first name is kept. 

Spatial Join 

-- 

All 

TNO Integer 

Dyke tract number for 

internal use. If a cell 

contains more than 

one dyke tract only the 

first is kept. 

Spatial Join 

-- 

All 

NSDA_tract TEXT 

Dyke tract number 

used by NSDA. If a cell 

contains more than 

one dyke tract only the 

first is kept. 

Spatial Join 

-- 

All 

HHWLT2055 Float 

Higher High water 

Large tide 2055 (m 

CGVD28) 

Field 

calculator 
-- 

All 

MHW Float 

Mean High Water for 

Marsh body (extracted 

from marsh plans) 

Field 

calculator 
-- 

All 

Hydro-

geomorphology 

and 

morphometrics 

Aboiteaux Integer 
Number of Aboiteau 

present.  
Spatial Join Ecosystem 

Services 
All 

ABTsize Integer Sum of Aboiteau sizes.  Spatial Join Ecosystem 

Services 
All 

AC_Percent Integer 

Accommodation Space 

expressed as a percent 

of the current marsh 

body 

[AcomSpace]/[Shape_

Area]*100 

Field 

calculator 

Adaptive 

Capacity 
A, C 

AcomSpace Float 

Accommodation Space 

(m
2
). The area 

available for the marsh 

to migrate inland with 

Raster 

Caculator, 

Spatial Join 
-- 

A C 
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sea level rise. 

[Area_EE]-

[Shape_area] 

Area (ha) Float 
Marsh Area (ha) for 

2055 SLR 

Calculate 

Geometry 
Ecosystem 

Services 
All 

Area_EE Float 

Area (m
2
) flooded by 

an extreme event 

(2100 SLR level + storm 

surge) 

Raster 

Caculator, 

Spatial Join 
-- 

A, C 

ChanLngth Float 

Total channel length 

within the marsh 

(meters). Extracted 

from NSTDB. 

Tabulate 

Intersect, 

Excel 
-- 

All 

DD Float 

Current Drainage 

density of marsh in 

m/ha. 

[ChanLngth]/([Shape_A

rea/10000) 

Field 

calculator 
Ecosystem 

Services 

All 

Elev_mean Float 

Mean platform 

elevation (m CGVD28). 

Related to hydroperiod 

an habitat type/quality 

Zonal 

Statistics 

-- 

All 

Elev_StDv Float 

Standard deviation of 

platform elevation. 

Variability of terrain, 

related to hydroperiod 

and habitat 

zonation/patchiness 

Zonal 

Statistics 

Ecosystem 

Services 

All 

MHWDepth Float 

Mean depth of water 

(m) on the marsh at 

Mean High Water 

elevation  (MHW). 

Field 

Calculator Ecosystem 

Services 

All 

P_A Float 

Perimeter to area 

ratio. [Shape_length]/ 

[Shape_Area] 

Field 

calculator 
Ecosystem 

Services 

All 

PM_Area Float 

Ratio of Area identified 

by ACAS analysis as PM 

(Primary Marsh body) 

to Shape Area.  

Tabulate 

Intersect, 

Excel 

Cost Filter All 

Shape_Area Float 
Marsh Area (m

2
) for 

2055 SLR 
  

-- 
All 

Shape_lengt

h 
Float 

Marsh Perimeter (m) 

for 2055 SLR 
  

-- 
All 

Thickness Float 

Distance (m) to the 

deepest point within 

the marsh. 

Zonal 

Geometry 
Ecosystem 

Services 

All 

W_L Float 

Ration of marsh width 

(low marsh to upland 

edge) to Length (edge 

to edge). 

Zonal 

Geometry, 

Near, Excel 

formula 

Ecosystem 

Services 

All 

Dyke Condition 

and health 
Dyke_segs Integer 

Number of dyke 

segments 
Spatial Join 

-- 
All 
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A_DL Float 
Area to Dyke Length 

ratio 

Field 

calculator 
Cost Filter All 

const_elev Float 
Construction elevation 

of dyke (m CGVD28) 
Spatial Join 

-- 
All 

Crit_elev Float 
Critical elevation of 

dyke (m CGVD28) 
Spatial Join 

Adaptive 

Capacity 
All 

DH_max  Float 
Maximum elevation of 

dyke (m CGVD28) 
Spatial Join 

-- 
All 

DH_MaxDiff Float 

Maximum elevation of 

dyke minus critical 

elevation (m) 

Field 

calculator 
Cost Filter All 

DH_mean Float 
Mean elevation of 

dyke (m CGVD28) 
Spatial Join 

-- 
All 

DH_MeanDif

f 
Float 

Mean elevation of 

dyke minus critical 

elevation (m) 

Field 

calculator 
Cost Filter All 

DH_min Float 
Minimum elevation of 

dyke (m CGVD28) 
Spatial Join 

-- 
All 

DH_MinDiff Float 

Minimum elevation of 

dyke minus critical 

elevation (m) 

Field 

calculator 
Cost Filter All 

Dyke_lngth Float 
Total length of dyke 

(m) 
Spatial Join 

Adaptive 

Capacity 
All 

Foreshore 

Exposure  Text 

Rank of exposure to 

wind and wave erosion 

(relative fetch) 

Zonal 

Geometry, 

Near 

Adaptive 

Capacity 
All 

FS_width Float 

Mean foreshore Width 

(from dyke to 

shoreline) in meters 

Near 
Adaptive 

Capacity 
All 

Orientation Integer 

Compass Orientation 

of marsh, to determine 

exposure 

Near, Excel 

Formula 
-- 

All 

BS_Width    

Mean marsh Width 

(from dyke to upland) 

in meters 

Near 
Adaptive 

Capacity 
All 

Infrastructure 

Bldg Float 

Count of buildings 

found on the marsh 

body, extracted from 

NSTDB 

Tabulate 

Intersect, 

Excel 

Infrastructure All 

RRd Float 

Total length (m) of 

roadways and railways 

found on the marsh 

body, extracted from 

NSTDB 

Tabulate 

Intersect, 

Excel 

Infrastructure All 

Other Float 

Count of all other 

infrastructure found on 

the marsh body, 

extracted from NSTDB 

Tabulate 

Intersect, 

Excel 

Infrastructure All 

AS_Bldg Float 

Count of buildings 

found in the 

accommodation space 

per ha, extracted from 

Tabulate 

Intersect, 

Excel 

Infrastructure A, C 
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NSTDB 

AS_Rrd Integer 

Total length (m) of 

roadways and railways 

found in the 

accommodation space 

per hectare, extracted 

from NSTDB 

Tabulate 

Intersect, 

Excel 

Infrastructure A, C 

AS_Other Float 

Count of all other 

infrastructure found in 

the accommodation 

space per ha, extracted 

from NSTDB 

Tabulate 

Intersect, 

Excel 

Infrastructure A, C 

Fauna and Flora Biomass  Float 

Predicted Biomass for 

low, mid and high 

marsh following 

restoration 

Reclass, 

Tabulate 

Area, Excel 
Ecosystem 

Services 

A, C 
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