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Abstract

Saint Lucia, like many other Caribbean islands have not had consistent coastal monitoring
programs. This research looks into coastal risk and vulnerability associated with sea level
rise and anthropogenic climate change on previously assessed beaches in Saint Lucia.
Coastal resources such as mangrove forests, coral reefs and beaches in particular, are
critical aspects of the tourism industry, and in turn, Saint Lucia’s economy. Using the
Emery method, a field assessment of six beaches previously monitored in 2002 was
conducted. Factors such as coastal erosion, sediment type and various other backshore and
foreshore characteristics were identified for each beach. Beaches were assessed before the
hurricane season, two weeks after a storm and one month after the previous assessment to
compare variations in shoreline erosion, and profile structure. Profile results displayed
anthropogenic backshore infrastructure such as gabion baskets did not recover after a
disturbance, unlike that of dune or vegetated backshores. Using the data collected, varying
beach stabilization methods ranging from hybridized solutions, beach nourishment and
enhanced development legislation creates a basis for proactive mitigation responses for

beaches assessed on the island.
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Chapter 1: Introduction

1.1 Climate change and Saint Lucia

Anthropogenic climate change is the increased concentration of greenhouse gases
in the atmosphere leading to massive changes in global climate patterns. This phenomenon
has also been linked to an increase in global atmospheric and ocean temperatures, sea level
rise, and frequency of extreme climate events such as storms and drought (Scott et al.,
2012). When discussing small island developing states (SIDS), such as Saint Lucia, climate
change and sea level rise (SLR) must be discussed in synergy in regard to the climate crisis.
All countries of the Lesser Antilles are highly dependant on the tourism industry (46.3% of
Saint Lucia’s GDP) along with the agricultural industries- which are highly vulnerable to
climate change (Leatherman et al,1997; Bevacque et al., 2018, Hutchinson, 2016).
Therefore, the loss of these sectors will dramatically affect income generation and in turn,

the potential of gaining funding to adapt (Williams at al., 2017; Day et al., 2014).

The threat of coastal development has always been evident. However, demands from the
tourism industry and coastal development has increased the risk related to sea level rise and
storm surges (Cambers, 1997). Coastal squeeze refers to the negative feedback loop created
by active erosion and coastal development causing a steepening of the intertidal profile
(Scott et al., 2012; Sutton-Grieretal, 2015; Masselink et al., 2020). This essentially reduces

the beach width and in essence a beach’s aesthetic value (Scott et al., 2012).

Scott et al., (2012; page 883) has also estimated a “loss of 29% of resort properties partially
or fully submerged, 49% - 60% of properties at risk of beach erosion” with a Im rise in sea

level. A 1.5-degree Celsius increase in temperature would result in 0.26 to 0.77m sea level
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rise by 2100 (IPCC, 2018). This leaves less than 90 years for SIDS to conduct more precise
vulnerability assessments and thus increase their ability to adapt, even in a worst case

scenario.

With projected rising sea levels, these challenges can increase socioeconomic
consequences already experienced within this sector (ECLAC, 2011). Loss of the tourism
and alterations to the agricultural sectors will dramatically affect income and in turn, the

necessary funding to adapt to the inevitable impacts from anthropogenic climate change.

The combination of the major climate led challenges faced by SIDS is the greatest driver
to develop innovative solutions to the issues mentioned previously. In order to develop a
more comprehensive understanding of the risk to coastal zones, the dynamics of coastal
processes, shoreline characteristics and resilience must first be understood. A decision tree,
that is detailed record of coastal features presented in a standardized hierarchy, was
developed for each beach assessed (appendix 2 and 3). This approach has also been used
by Day et al., (2014) in the neighbouring island of Grenada when assessing the potential to
develop coastal ecosystem-based adaptation. The foreshore, being the most dynamic
portion of the beach, rapidly changes during storm surges, but take years to restore to its
original state (Davidson-Arnott et al., 2019). Therefore, when creating coastal management
plans determining resilience is important to know (Bevacque et al., 2018). A combination
of regular assessments and applied scientific research and knowledge will allow St. Lucia
to better formulate a mitigation plan- particularly in this case, beach stabilization methods

(Cambers, 1997).
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1.2 Coastal Processes

In order to grasp the full idea of coastal geomorphology, some basic concepts
surrounding the formation of a beach and other coastal features need to be addressed.
Coastal processes refer to all natural ocean wave and tide driven processes that influence

how a beach is built up or eroded (Environment Foundation, 2015).

The coast or beach is divided into different zones based on where the waves break and
where erosion and accretion occur. This allows us to identify the various locations of the

foreshore, backshore and nearshore used for surveying (Figure 1.1).

G hic Z. .
comorpiic £ones Beach Shoreface
Foreshore Nearshore
Backshore Offshore
Berm High Water Level
Mid Water Level
‘ ‘ Low Water Level
‘ \ \ \ \
Hydrodynamic Swash Surf Zone Gpralien : Shoaling i
Zones Zone | Zoue | . Zone ‘
Intertidal

Figure 1.1 Cross sectional profile of coastal zones modified from Davidson-Arnott et al.,
(2019)

The surf zone or breaker zone is the general area where waves break along the shoreline
(Short and Jackson, 2013). It is indicated by a sudden dip in the sand, as shown in Figure
1.1. The swash zone generally occurs within the foreshore and is characterized by the

excess water from the wave breaking washing onto the shore (Short and Jackson, 2013).
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This zone is therefore responsible for the accretionary or deposition and erosion or removal

coastal processes (Davidson-Arnott et al., 2019).

Waves, tides and currents are the greatest forces influencing how the shape and structure
of the coast changes (Masselink et al., 2020). Tides determine the range, i.e. how far into
the backshore/foreshore coastal processes act (Stephenson et al, 2013) and in turn, where
coastal processes differ at various times throughout the day. Therefore, beaches vary based
on how often waves break, and the height of the tide. A wave dominated beach or a
microtidal beach- present in Saint Lucia- is characterised by a tidal range being less than
three times the wave height (Short and Jackson, 2003). Waves can be either constructive
(accrete), or destructive (erode). The term, destructive waves are used to describe waves
which hit the coast at a higher frequency (ten to fourteen waves per minute) causing rapid
erosion and steeper slopes along the coast. Constructive waves, therefore, describe waves
characteristic of accretionary processes and gently sloping coastlines, generally associated

with spilling breakers (Folley, 2017).

Coastal erosion refers to the natural removal of material from the shoreline (Rangel-
Buitrago et al, 2018). Erosion can occur in two phases- either rapid onset i.e. from storms
or flash floods or slow onset erosion over several years. As it relates to climate change,
rapid onset erosion increases in risk due to storm surges and sea level rise (Masselink et
al., 2020). Sea level rise can cause adverse loss of deposition material therefore causing

accelerated erosion (Masselink et al., 2020).

Longshore or littoral drift refers to the direction of sediment transport and wave attenuation,
which allows for sediment to be deposited on a beach (Seymour, 2005). Waves which
approach the beach at an oblique angle deposit or accrete sediment (swash), then waves
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retreat and erodes sediment (backwash), perpendicular to the shoreline. This process
continues throughout the length of the beach depositing material and building up some
parts of the beach while eroding others (Seymour, 2005). The net result of the swash
and backwash movement is therefore the acting process in beach formation. Fetch refers
to the distance over which wind passes over a surface of a waterbody and determines how
large and in what direction waves form (US Department of Commerce, 2013; Davidson-

Arnott et al., 2019). Wind speed, water depth and fetch all influence how waves break.

1.2.1 Foreshore, Nearshore and Backshore Characteristics

Davidson-Arnott et al. (2019), has described the ‘beach’ as the section of the
shoreline influenced by both high and low tide wave action. The backshore refers to the
highest point of the dry beach where waves generally only reach during storm surges or
extremely high tides (Davidson-Arnott et al, 2019; Inman, 2002). The foreshore refers to
the part of the beach impacted by waves during high tide and characterized by a permanent
wet or ‘swash’ zone and steep slope characteristic of active erosion (Davidson-Arnott et al,
2019; Inman, 2002). Factors such as grainsize and wave conditions affect the steepness and

characteristics of the foreshore (Davidson-Arnott et al., 2019).

The nearshore portion contains the active berm under the water, which is a good indication
of a winter beach or summer beach where tidal and erosion variations can be assessed. It is
therefore described as the dynamic portion of the beach (Day et al., 2014; Ostrowiki and
Pruszak, 2011). Boulder/cobble beaches often have a steep nearshore-foreshore, where
waves break a short distance offshore (Davidson-Arnott et al., 2019). Cobble beaches also
have a steep foreshore and extensive surf zone due to the distance at which waves break

(Davidson-Arnott et al., 2019).
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Beaches which have material of a smaller grainsize are moderately sloping, whereas the
finest material are gently sloping beaches where breaking occurs at a distance (Davidson-
Arnott et al., 2019). Differing from rocky shores, finer sand beaches have thinner surf zones
(Davidson-Arnott et al., 2019). Beach stability is therefore defined by a beach’s

morphodynamics - the result of accretionary and erosion processes (Dora et al., 2014).

1.3 Coastal Vulnerability and Resilience

Coastal vulnerability refers to the risk and level at which the coastal environment
can be harmed as a result of a storm surge or other extreme weather events (Jimenez, et al.,
2008). Williams et al., (2017) suggest climate change driven sea level rise should not be
top priority for dealing with coastal erosion there are more immediate threats. For example,
the article highlights other anthropogenic factors such as the development of harbors, which
can influence erosion rates quicker. The effects of erosion and storm surges are exemplified
as a result of sea level rise and can destabilize naturally accreting coasts (Scott at al., 2012;

Mycoo, 2012; Davidson-Arnott et al., 2019; Masslink et al., 2020).

Resilience, broadly speaking, refers to the ability of a system to recover from change caused
by a disturbance (Bevacque et al, 2018; Day et al., 2014). Resiliency is attributed based on
the exposure of the beach to external forces such as waves, tides and swash processes, as
well as the type of coastal structures present (Day et al., 2014). In the climate and coastal
sense specifically, it is used to describe the capacity for the coastal environment to cope
and withstand the changes caused by dramatic climate events such as storm surges
(Masselink & Lauzarus, 2019; Day et al., 2014). When coastal development and other

anthropogenic stressors are considered, resilience is compromised and may be aided
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through various engineered approaches, more specifically hard or soft engineered

approaches (Bevacque et al, 2018).

Hard engineering structures, described as ‘engineering resilience’ by Masselink and
Lauzarus (2019) are designed to meet specific, defined standards of a particular threat.
Therefore, engineering resilience focuses on a predictable, efficient and consistent steady
state equilibrium which refers closely to hard structures created to suit predictable
outcomes. On the other hand, soft engineered approaches or ‘ecological resilience models’
account for the various dynamic factors acting on a system before it experiences a dramatic
change in “controls and structural organization” (Masselink and Lauzarus, 2019). For
example, sandy beaches are more likely to be impacted by sea level rise and climate change
than rocky coasts making them less resistant to change. However, sandy beaches are more
resilient as they are able to restore themselves relatively rapidly after a disturbance, in
comparison to a cobble beach which may not be able to do so (Environment Foundation,
2015). Using this method, vulnerabilities can be reduced through investment and technical
expertise in the research and execution phases (GFDRR, n.d.). However, solutions need to
made specific for each island and surrounding ecosystems. Therefore, extensive research
on the most suitable technique needs to be conducted prior to any project implementation

site.

1.3.1 Conducting a resiliency assessment and current state of resiliency testing in St.
Lucia and the Lesser Anilities

Resiliency is attributed to the links between the physical or natural world and socio-
economic aspects surrounding sustainability of current system and practices and their

adaptive capacity (Masselink and Lauzarus, 2019). All aspects of coastal environments are
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connected. Therefore, disruptions in the coral or seagrass bed systems may show evidence
on the beach, for example as broken coral pieces, or changes in deposition patterns (Day et

al., 2014).

Comparative report between 1990 and 2002 beach assessment conducted by the
Government of St. Lucia’s Ministry of Planning under the COSALC Programme will be
used as reference point for beaches assessed (GOSL, 2001). The COSALC Programme -
Coast and Beach Stability in the Lesser Antilles- was implemented in late 1990s and was
aimed at providing countries within the region a guide to coastal monitoring (Cambers,
1997). The heightened vulnerability of the region was acknowledged after multiple years
of natural disasters such as hurricanes creating immense pressure on the economy in
accordance with coastal loss and infrastructural damage. This project highlighted the
importance of tide monitoring and initiated conversations surrounding the implementation

of the tide gauges in the region.

Tide variations and beach profiles are an integral part in understanding beach
morphodynamics (Dora et al., 2014). Measurements for this study were taken during the
dry season and during the wet season after a hurricane or tropical storm (a system with

heavy winds), to assess coastal variations with recovery overtime (Cambers, 1997).

Tide gauges are instruments used for recording sea level. They are especially important for
measuring the change in patterns of sea level rise at a local point (Hails, 1982). Saint Lucia,
and several other islands of the Lesser Antilles, are not equipped with tide gauges, thus,
calculating sea level rise and global tidal adjustments and its effects on erosion should be
approached with caution on a local level (Cambers, 1997). These can be quite useful in
determining how vulnerable a country is to sea level rise and has become a suggestion for
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SIDS to invest in (IPCC, 2018). In order to combat the lack of tide gauges the NOAA

website below was used a reference point for tide adjustments.

In many Caribbean islands, it is common to find hard infrastructure such as gabion baskets
and seawalls being used to reduce the impact of coastal erosion. This is an example of
attempted beach stabilization used to combat natural forces such as ocean waves, which

would otherwise cause significant damage to anthropogenic structures near the coast.

1.4 Beach Stabilization

1.4.1 What is stabilization
Beach stabilization often refers to the use of hard engineering such as impermeable
materials such as rocks or concrete, in the form of a groyne, or seawall, which alters the
rate and pattern of accretion and/or deposition on a beach (WIDECAST, 2020). However,
both hard and soft engineering can be used to combat the effects of sea level rise.
HOW GREEN OR GRAY SHOULD YOUR SHORELINE SOLUTION BE?

"ER TECHNIQUES GRAY - HARDE

Shorelines Coastal Struc

SILLS - BREAKWATER -
Parallel ta (vegetation
vegetated optional) - Offshore

shoreling, reduces  structures intended
wave energy, and  to break waves,
prevents erosion.  reducing the force
Suitable formost  of wave action, and
areas except high  encourage sediment hardened s
wave energy accretion. Suitable  structures.
environments. for most areas.

Figure 1.2 Variations in sea level rise adaption taken from
https://www.habitatblueprint.noaa.gov/wp-content/uploads/2018/01/NOAA-Guidance-

for-Considering-the-Use-of-Living-Shorelines_2015.pdf
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1.4.2 Methods of beach stabilization — Hard Engineering

Several methods of hard engineering, described as ‘sea defense’ by Banton et al.
(2015) or grey infrastructure by (Powell et al., 2018) are present on the coast of most
Caribbean islands, including St. Lucia. This can be present in the form of offshore
breakwaters, gabion baskets or revetments and seawalls (Williams et al., 2017).
Implementation of these methods is often called ‘holding the line’ as referred to by Banton
etal., (2015) as they are used to prevent further erosion of the beach. With many techniques,

there are both negative and positive aspects to it.

Methods such as the use of groynes alters the natural process or pattern of longshore drift.
It therefore allows for accumulation of sand on the updrift side of the groyne, while starving
the beach down shore/ after the groyne due to slower rates of deposition (Williams et al.,
2017; Davidson-Arnott et al., 2019). Seawalls and gabion baskets are used in areas where
high tides cause extensive flooding and erosion to vulnerable parts of the coast (Williams
et al., 2017; Powell et al., 2019). These structures may also cause harm to surrounding
communities, as seawalls disperse wave energy and degrade parts of the coastline available
for public use. Hard infrastructures in general can also create an imbalance between coastal
ecosystems surrounding the structure (Rangel-Buitrago et al., 2017). Offshore breakwaters
are also commonly used for beach buildup by attenuating waves and encouraging
deposition. This method, like many previous techniques mentioned, is quite costly, and is

only suitable to shallower, calm environments (Williams et al., 2017).

Hard engineering approaches generally provide quick results and therefore are most
common in Caribbean islands, especially in areas of rapid coastal development. This is

particularly true for tourist driven locations, where a rapid decrease of coastal erosion,
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allows for continued tourism development and thus, grey infrastructure is often chosen in
favor of ecosystem based approaches, or ‘soft engineering’ structures (Scott et al, 2012;

Rangel-Buitrago et al., 2017; Mycoo, 2012).

1.4.3 Soft Engineering

As a result of the large cost and expansive effect on the surrounding environment,
more ecosystem-based approaches to adaptation are being explored. In Saint Lucia, soft
engineering is specifically based around the conservation or restoration of mangroves, coral

reefs, sea grass beds or dune systems (Day et al., 2014).

One common stabilization method often proposed for the Caribbean region is implementing
artificial reef structures such as reef balls. These could be placed in shallow waters or
attached to a breakwater which provides ecologic and environmental services, while also
reducing any socio-environmental conflicts which may arise from previous methods of

beach stabilization (Maclntosh et al., 2018).

Coral reefs, mangroves and seagrass beds and beaches are four critical biodiverse habitats
which protect the coast through wave attenuation, increasing sediment deposition and in
turn, beach stability (Powell et al., 2019; Davidson-Arnott et al. 2019). However, these
ecosystems are also under critical threat due to increasing storm events and warming ocean
temperatures. Coral reefs in the Caribbean have already experienced risks from bleaching
and damage caused by extreme events; this also places the tourism sector at risk of losing
a valuable, major attraction (Mycoo and Chadwick, 2012). Coral reef transplants and
restoration are becoming more popular especially with more climate resilient species (Day

et al., 2014; Mycoo and Chadwick, 2012).

20



Mangroves have exhibited characteristics of excellent resilience as well as having a large
adaptive capacity to sea level rise driven climate change due to similar increasing accretion
rates (Masselink and Lauzarus, 2019). Despite this, mangrove forests are threatened by
deforestation reducing their ability to adapt and be resilient (Powell et al., 2019; Mycoo
and Chadwick, 2012). Similar to coral reefs, restoration and conservation of existing
mangrove forests is the best method for coastal protection and shoreline stabilization (Day

et al., 2014; Mycoo and Chadwick, 2012).

Beach nourishment refers to the addition of sand to the beach to rapidly build and increase
stabilization seaward (Peterson and Bishop, 2005). However, even this technique is quite
costly and requires ongoing maintenance (Williams et al., 2017). Even a solution such as
beach nourishment can have negative impacts based on grainsize and biological processes
occurring on the coast as it can smoother existing habitats on dunes and may create

additional issues in locations where the sand is being mined (Peterson and Bishop, 2005).

1.4.4 Hybrid Methods

Precautionary measures such as migration and various methods of coastal
protection are going to become increasingly difficult as coastal flooding and sea level rise
risks also increase (Lawrence et al., 2019). Managed retreat and sacrificial areas are
becoming more popular as the inevitable challenges associated with sea level rise and storm
surges makes adaptation more difficult (Williams et al., 2017). However, this is not always
the most plausible cases for coastal dependant countries such as St. Lucia. Hybrid
approaches help to provide ecosystem services through the use of their ‘soft’ infrastructure,
as well as other coastal and flood protection services from the combination of hard and soft

methods. Built infrastructure aids for high impact storms whereas natural infrastructures
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are generally sufficient for small or medium threat storms (Sutton-Grier, 2015). As a result
of the combination of the soft and hard infrastructure services these hybrid methods provide

a greater return on investment in the long run (Sutton-Grier, 2015).

Coral transplants or enhancement of breakwaters, for example through the use of reef balls
have also been gaining traction (Williams et al., 2017). Hard and soft coral fragments are
attached to plates on the breakwater and allowed to grow in varying conditions of depth
and wave intensity (MaclIntosh et al., 2018). However, coral reefs are only able to reduce
the impacts of small storm waves. This technique therefore is more useful as a method of
increasing ecological diversity in addition to coastal protection from hardened
infrastructure (Arnot et al. 2019). Hybrid methods although quite new are used existentially
and either as temporary or permanent structures designed specifically for a country’s

challenge such as what is suggested for SIDS (Cambers et al., 1997).

1.5 Rational and Project Purpose

Masselink et al., (2020) noted regional or local predictions of coastal risk as a result
of sea level rise can be made with medium to high level of accuracy, whereas overly
generalized predictions provide almost negligible assistance. Therefore, this research will
assist in identifying ways to prepare for the future as well as adapt to these rapidly changing
systems. (Williams et al., 2017). The annual occurrence of the wet or hurricane season, in
conjunction with all the uncontrollable challenges associated with climate makes the
tourism industry quite fickle. Growing global concerns related to the loss of resources
driven by anthropogenic climate change and SLR in particular, calls for the country to
design adaption plans which will provide a more comprehensive understanding of coastal

resource resilience. Low cost monitoring programs- such as assessments using the Emery
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method can be reintroduced in order to better assess changes caused by the inevitable sea

level rise.

The proposed research questions addressed by this project were suggested by Saint Lucia’s
National Climate Change Research Strategy 2019-2030, drafted by the Ministry of
Education, Innovation, Gender Relations and Sustainable Development. The topics chosen

were highlighted under section 5.1.3- Coastal, Marine and Ocean Environments.

“Broad Topic/Research Question

e Which communities and areas will be most affected by sea level rise and coastal

erosion?

Suggested Research Outputs

e Comparative analyses of the effectiveness of beach stabilisation methods”

The objectives of this thesis are therefore as follows:

1. Conduct a field assessment of the six previously monitored beaches- Vigie Beach,
Reduit Beach, Pigeon Island Causeway, Anse Chastanet Beach, and Malgretoute

Beach- for slope, accretion or erosion rates and composition (vegetation and grain size).

2. Examine and determine the resilience of beaches and their capacity to respond to

different stabilization methods.

3. Examine the change in shorelines over time using historical and aerial photographs of

the beaches to estimate possible outcomes for future changes within the coastal system.
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4. Formulate a basis for proactive mitigation response strategy development and assess
viable beach stabilization methods for various climate and anthropogenic driven sea

level rise projections.
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Chapter 2: Site Description and Field Methods

2.1 Site Description

2.1.1 Island Geography and Demographics

Saint Lucia is a 617 km? island, located ~14°N and 61°W, within Caribbean Sea to
the west, and Mid-Atlantic Ocean to the east. The majority of St. Lucians, live on or near
coastal villages as they rely on the various resources it provides (Government of St. Lucia,
2001, Banton et al, 20