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The Potential Role of Artificial Marsh on Coastal Protection in
Long Island Sound
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Abstract

Connecticut marshes, like other marshes in the world, are vulnerable to anthropogenic and climate
change effects. However, assessment of current sea level rise and average marsh accretion rates in
Connecticut demonstrate sea level rise is not the main vulnerable factor for salt marshes loss. The
study on the feasibility of developing an ecosystem-based on two coastlines in Connecticut,
Guilford and Stratford, shows that both coastlines, like other coastlines in Connecticut, have
limited wave energy, which is a positive factor for marsh growth. The available data assessment
represents that sediment supply is the most important parameter to guarantee the resilience and
sustainability of a newly developed salt marsh system in Connecticut. In Stratford, conditions for
establishing a new ecosystem seem to be better, as the fetch length is pretty small, and there is
some sediment supply for the ecosystem. In Guilford, wave energy is limited, but it is more than
in Stratford case. Besides, sediment availability is low and the coastline experienced considerable
erosion during hurricane Sandy and has not recovered yet.

1. Introduction

According to the United Nations Report, more than 40% of the world's population lives in coastal
area. However, coastal areas are threatened by natural coastal hazards such as hurricanes, storm
surges and tsunamis. The accelerated Sea-level Rise (SLR) and climate changes have increased
the cost of coastal infrastructures. That's why the demand for a resilient and sustainable coastal
protection system adapted to climate change and coastal ecology has increased in recent years.

For centuries, coastal structures such as seawalls, detach breakwaters, groins, and revetments have
been constructed to protect coastal properties. Although these traditional shoreline protection
methods have many advantages, their effectiveness diminishes over time, and they are not
adaptable to the coastal situation (O'Donnell, 2016; Sutton et al., 2015; Temmerman et al., 2013).
Furthermore, it has been shown that traditional structures cause coastal erosion downstream and
some loss of available sediment for longshore transport (O'Donnell, 2016). Hence, applying an
ecosystem-based coastal defense system has been increased remarkably in recent years.
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Ecosystem-based approaches offer protection against erosion and the creation or restoration of
coastal habitats (O'Donnell, 2016). Nevertheless, the value of benefits and the sustainability
provided by these structures has not been understood completely. While lots of questions about
the resilience and benefits of these systems are not answered, few constructed ecosystem-based
systems around the world, such as Scheldt estuary in Belgium and Chesapeake Bay program, have
shown positive physical, environmental, and ecological effects (O'Donnell, 2016; Sutton et al.,
2015; Temmerman et al., 2013).

Generally, built infrastructure is well understood and has been used in coastal protection for
decades, but it has a limited lifetime, weakens with time, and is constructed to specific parameters
that cannot adapt to changing sea levels or other conditions. While an ecosystem-based system is
not well understood, it has been shown that the system not only provides benefits for habitant,
environment, coastline but can recover and resilient after extreme conditions (Gittman et al., 2014;
Sutton et al., 2015).

Salt marshes are one of the ecosystem-based systems which can be applied for protecting
shorelines (Gittman et al., 2014); but still, there are a lot of uncertainties about the resilience of
salt marshes in different climate and conditions. In this study, different salt marsh characteristics
and the current condition of natural salt marshes in Connecticut are reviewed. Finally, two points
of Connecticut's coastline with erosion problem are studied for investigating the possibility of
using marsh, as an ecosystem-based system, to stabilize the coastline.

2. Method

The response of marshes to some coastal phenomena and the conditions for resiliency has been
reviewed. In addition, an investigation was performed on available data for Connecticut marshes
to understand the current condition, important stressors, and resiliency of the marshes. In this
section, feasible studies will be performed for establishing an ecosystem-based coastal defense
system at two sites on Connecticut coastline Chittenden Park in Guilford and Short Beach in
Stratford.

In order to have a successful and sustainable salt marsh for erosion control, a low wave energy
area must be provided for marsh growth. The majority of sea-waves energy attenuate at few 10
meters of marsh edge. Therefore it's not usually required to develop a wide wetland for erosion
control purposes. Moreover, sediment supply must be enough to guarantee an accretion rate equal
or larger than SLR rate. Finally, it is crucial to create a gentle slope at the upland area to ease marsh
migration.

Before analyzing the coastlines, wind and wave conditions in Long Island Sound will be reviewed.
The central long island sound buoy with coordinates 41°8'15" N 72°39'18" W, owned and
maintained by UCONN, were used to analyze wind and wave conditions in Long Island Sound.
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The majority of winds blow from the west, while the average wind speed of northern winds is
more than the southern ones (Figure 1). Given that the long west-east fetch and short north-south
fetch in LIS (Figure 2), the dominant wave direction in the deep part of LIS must be from west
and northwest. Therefore, LIS's southern coastline (New York coasts) should experience more
energy than the northern coastlines (Connecticut).
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Figure 1: Windrose for central Long Island Sound. The wind-rose indicates where the winds come from. The
Prevailing wind directions in LIS are from northwest, west, and southwest with higher intensity (average wind speed
for northwest winds)
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Figure 2: Fetches distance and Buoy location in Long Island sounds, longest fetch has a west-east alignment
with 140km.
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3. Results

3.1.Chittenden Park, Guilford, CT

Chittenden Park, located in east Connecticut, is surrounded by West River at west and a headland
at the east side. As headlands protect the coastline in both west and east sides, the fetch length is
limited in the area; therefore, the dominant waves from the west would not affect the coastline
directly and just some diffracted southwest waves can reach the coastline, Figure 3. . Maximum
fetch length is about 35km and although wave energy is limited in the area, marshes still need
protection. Marshes cannot tolerate high energy wave and a calm condition must be provided for
growing marsh which would be established for erosion control purposes.

Using Google Earth's historical satellite images, the current coastline condition was investigated.
The oldest available satellite image of Google Erath (04/22/1990) and the newest one (04/20/2016)
were studied to figure out coastline evolution in 16 years, Figure 4. The results indicate high
erosion conditions in the area. More than 8000m? of the coastline has vanished in 16 years. The
coastline includes a combination of consecutive non-vegetated and vegetated coastline. The
vegetated part seems to survive the part of an old coastal salt marsh which is eroding gradually.
The majority of erosion took place in non-vegetated parts of the coastline and the vegetated had
not been eroded as much as the non-vegetated coast. According to the two digital areal images,
before (3/29/2012) and after (9/19/2010), the majority of erosion in the vegetated part has
happened during hurricane Sandy, Figure 5. This represents that the vegetated area can be used for
erosion protection in usual conditions, but they should be protected for extreme storms. It can be
seen from the images that the gradual erosion of remained salt marsh has not stopped after Sandy;
therefore, they must be protected before they completely disappeared.
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Figure 3: Possible wave fetch for Chittenden Park, Guilford, the area is protected by eastern headlands; fetch
length varies from 25km to 35km, the red line represents the fetch with the most intensive wind. However, the
diffracted waves from this direct impact on Chittenden park coastline.


https://doi.org/10.20944/preprints202012.0694.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 28 December 2020 d0i:10.20944/preprints202012.0694.v1

‘ A " . il
~ g % \ Legend
&» Coastline 1990 §
Old MarShes «» Coastline 2016
/

Google Earth s

i

Figure 4: Comparison of coastal variations between 04/22/1990 and 04/20/2016 (16 years) in Chittenden Park,
Guilford, top left: 1990 image, top right: 2016 image, bottom: the Comparison of two coastlines. More than 8000 m?
(88000 ft?) of the coastline drawn and eroded in just 16 years.
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Figure 5: Comparison of digital images, a: remained coastal salt marsh before (3/29/2012) and after (9/19/2010)
hurricane Sandy, b: upland marsh erosion, 1990, 2008, before Sandy (3/29/2012), after Sandy (04/20/2016), 2016.
Hurricane Sandy happened on 10/29/2012; Comparison shows that the majority of erosion in vegetated areas took
place during Hurricane Sandy.
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Figure 6: Marsh edge loss based on digital image of 1990, 2008 and 2016, Marsh edge loss between 2008 and 2016
(8 years) is much larger than period between 1990 and 2008 (16 years)

The presence of rocky headlands in the adjacent area represents the lack of sediment sources and
it seems that the West River is the only sediment source entering the system. However, the river
has a small drainage area and it might not be able to inject enough sediment into the coastline to
guarantee coastline resiliency. To design an ecosystem-based system for the coastline, a
comprehensive study should be done on the amount of sediment annually deposes from the river
into the coastline. It must be calculated how much of those sediments can be trapped by the
ecosystem-based protection system.

In order to imply an artificial marsh on the coastline, it is crucial to attenuate the wave energy,
which can be done by setting a group of reef balls or small detach breakwater in front of the
coastline. These reef balls are sufficient to attenuate wave energy and they would be a suitable
place for marine habitat to live, (O'Donnell 2015), Figure 7. Furthermore, some marshes must be
set up on the coastline between the reef balls and current beach for deposing sediments and
stabilizing shoreline, Figure 8. Again, the availability of sediment supplies is essential for the
resiliency of salt marsh and the designed system must be able to accumulate sediments entering
from West River.
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Figure 7: Reef balls can be used for attenuating wave instead of breakwater
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Figure 8: Proposed resilience plan for protecting the coastline, Yellow lines: reef balls, Green polygon: salt marsh.
This is just a fundamental plan. To have a sustainable and resilience protection system and ensure about accretion
rates of salt marsh, a comprehensive study should be done on sediment supply from West River and circulation in the
coastline. The system should be able to accumulate sediment supplies from West River.

3.2. Short Beach, Stratford, CT
Short beach, located in Stratford at southern of Housatonic River mouth, is surrounded by a sandy
beach at the North and a mixture of sand and gravel at the south. There is a rocky headland that
has been protected by a revetment. Due to a detached breakwater in front of the coastline, the fetch
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is strongly limited and the maximum fetch length is about 2xkm from the North, Figure 9. Therefore,
wave energy is strongly limited and tidal and river currents are the primary source of energy in the
coastline. The existence of a sandy beach at North demonstrates that there must be enough
sediment sources from north and Housatonic River. In addition, the detached breakwater has been
built for protecting navigation channel from waves, though it produced a calm condition for
growing salt marsh and developing sandy beach on the coastline.
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Figure 9: Short beach situation in the coats of Stratford in Connecticut, the coastline is surrounded by headland
in south and Housatonic River in North. Fetch length is strongly restricted in the area and the maximum fetch length
is about 2 km from North (red Line). Tidal and river currents are the primary source of energy in the coastline.

The Google Earth satellite images were used to compare coastline variation between 04/11/1991
and 09/22/2015 (14 years) at the southern part of Short beach. According to Figure 10, erosion
happened in the coastline, excluding a small portion of the northern part. This coastline has a
unique condition for establishing a coastal protection system by marsh due to the availability of
sediment source from the river and the coastline's low wave energy.

This coastline used to be an ecological coastline for crabs to lay their eggs. However, because of
erosion and washed out sands, the number of horseshoe crabs has been dropped significantly
(Beekey et al. 2015). Therefore, a survival plan has been implemented from early 2015, including
setting up a group of reef balls and salt marsh to trap finer and organic sediment and provide a
suitable coastline for crabs for laying the eggs, Figure 11. There is no data on how the system has
been designed, but the system is working well!
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Figure 10: Comparison of coastal variations between 04/11/1991 and 09/22/2015 (14 years) in Short beach, top
left: 1991 image, top right: 2015 image, bottom: the Comparison of two coastlines. About 2700 m? (29000 ft?) of the
coastline and 5000 m? (54000 ft?) of the headland has been eroded in 14 years. However, there is small sedimentation

at the northern part.
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Figure 11: Ecological- based coastal protection system in Short Beach. Since setting up the protection system,
sediment erosion has stopped and the system successfully trapped sand and finer sediment
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4. Conclusion

Saltmarsh can be used for coastal protection. They can attenuate waves, stabilize soil and depose
sediments. The power of marshes for attenuating waves generally increases with the length. Marsh
edge dissipation rate for high-frequency waves (sea-waves) is more than low-frequency waves
(swell waves). In addition, marsh root has a stabilizing effect and it binds soil bulk and protects it
from erosion. It's noticeable that salt marshes are effective in low wave energy and a large wave
can eradicate salt marshes.

Furthermore, marsh can be used for attenuating storm surge as well. However, despite erosion
protection, a large wetland is required for protecting upland from storm surge. Also, salt marsh
can adapt to relative SLR by sediment accretion and upland migration. Having enough sediment
supply and a gentle upland slope can guarantee salt marsh adaptation to SLR. Therefore, to
develop a sustainable and resilience protection system by salt marsh, it's essential to provide a
calm wave condition on the site, which can be done by constructing reef balls and submerged
breakwater seaside of the constructed marsh. Also, the sediment supply must be enough to
guarantee a structured marsh adaptation to SLR. Preferentially, there should be a gentle upland
slope, especially for low sediment supply conditions. Finally, there are other factors, the effect of
which are not well-understood such as vegetation density, type, and stiffness as well as ecological
factors, such as nutrient supply and vegetation disease. These factors also should be taken into
account in the design.

Connecticut coastlines have limited wave energy, which is a positive factor for the growing marsh
due to short fetch length. Available historical data indicates that currently total acreage of
Connecticut salt marshes is constant or increasing. Also, average accretion rates are close to current
SLR and it seems that Connecticut marshes could keep pace with current SLR.

A feasibility study on two coastlines, Chittenden Park in Guilford and Short Beach in Stratford,
was done. Generally, wave energy is limited in Connecticut coastlines, but the assessment of fetch
length and dominant wind directions showed that in Short beach, wave energy is more restricted
than Chittenden Park coastline. The lack of data about river sediment supply as well as the non-
uniform form of Connecticut coastline has made it complicated to determine sediment availability
in the specific coastline. However, it seems that sediment availability in Short Beach is more than
in the Chittenden Park coastline, while it needs more measurements and studies. A comparison of
satellite images showed that erosion in Chittenden Park is much more intense than the Short beach
coastline. In addition, Hurricane Sandy was the main driver of intensive erosion in the Chittenden
Park coastline.
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