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EXECUTIVE SUMMARY 

Wetland loss along Louisiana’s coast presents an urgent risk to natural habitats, coastal 

communities, and both local and national industries. A key natural cause of coastal erosion is 

continuous wave action along marsh edges. Moreover, coastal wetlands are frequently subject to 

surge and stronger wave forces brought about by tropical storms and hurricanes. The scarcity of 

synchronized field data of waves, currents, soil, and vegetation near a marsh edge limits the 

existing capability for predicting marsh edge erosion rate as a function of wave power, and soil 

and vegetation properties. The proposed research aims to enhance the fidelity of marsh edge 

erosion predictions for improved coastal restoration and management through data collection and 

the implementation of a continuously-monitored site in Terrebonne Bay. In-situ cone penetration 

tests will help determine the relationship between soil shear strength (across varying habitat types) 

on erosional resistance. Spatial and temporal trends in soil strength are anticipated to clarify why 

certain locations erode faster than other areas. The proposed methodology for marsh edge 

monitoring incorporates photogrammetry through the placement of cameras at frontal and lateral 

views. This novel approach will be used to identify the frequency and evolution of marsh retreat, 

and will assist long-term efforts at developing a mechanistic erosion model. The success of future 

marsh creation projects implemented by state agencies will be fortified by a more robust 

understanding of the geotechnical parameters affecting marsh edge erosion and the physical 

processes that lead to coastal land loss.
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1. INTRODUCTION 

Wetland loss on the hurricane-prone Louisiana coast continues at notably high rate. During the 

period of 1932-2010, the total land loss in coastal Louisiana was 1,833 mi2, and the rate of loss 

from 1985-2010 was 16.6 mi2/yr (Couvillion et al. 2011). This figure is often presented to the 

public in rather alarming terms: Louisiana is losing a football field of wetlands every hour. The 

reasons for wetland loss are complex and both natural and anthropogenic in origin. These include 

subsidence from sediment compaction and dewatering, eustatic sea-level rise, growth faults, 

isostatic adjustments, and erosion due to waves and storm surges. Regional anthropogenic causes 

include channelization of the Mississippi River, canal dredging through wetlands, and fluid 

withdrawal (e.g., groundwater, hydrocarbons). One of the important natural causes of coastal 

erosion is the constant wave action on the marsh edges. Analysis by Penland et al. (2000) shows 

that 26% of the wetland loss in the Mississippi River Delta from 1932 to 1990 can be attributed to 

erosion due to wind waves. Additionally, coastal wetlands in this region also experience frequent 

surge and stronger wave forces resulting from tropical storms and hurricanes. To combat the 

devastating wetland loss, the latest draft of Louisiana’s Comprehensive Master Plan for a 

Sustainable Coast (CPRA 2017) has prioritized sediment diversions, shoreline protection, and 

marsh creation projects. In fact, marsh creation projects constitute the nation’s largest investment, 

totaling over $20 billion, in the 2017 Draft Coastal Master Plan (CPRA 2017). 

Seven predictive models were utilized to develop and assess the efficacy of the 2012 

Coastal Master Plan (CPRA 2012). Among them is the Wetland Morphology Model, which 

forecasts the wetland changes with and without coastal protection and restoration projects in the 

next 50 years (Allison et al. 2015). One of the suggested improvements for the wetland 

morphology model is to explicitly consider marsh edge erosion and vegetation-dependent 

accretion in the forecast of wetland morphological changes. The rate of erosion at the marsh edge 

is a key parameter for predicting the longevity of a given vegetated marsh, including future marsh 

creation projects. The soil and plant types, along with hydrodynamic characteristics, are the 

controlling variables for the rate-of-retreat at marsh edges. However, there is a lack of 

synchronized field data of waves, currents, soil, and vegetation near a marsh edge along with 

understanding of the failure mechanism. Consequently, the existing capability of predicting the 

marsh edge erosion rate as a function of wave power, and soil and vegetation properties is rather 

limited. Our research group is focused on developing a robust marsh edge erosion model that 
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incorporates hydrodynamic, soil, and vegetation properties and is calibrated to coastal Louisiana. 

A more robust wetland morphology model that includes marsh edge erosion will improve our 

ability to forecast the impact of coastal protection and restoration projects and assist in managing 

of Louisiana’s coastal resources. 

The proposed project aims to enhance the fidelity of marsh edge erosion predictions in 

coastal Louisiana for improved coastal restoration and management. The major objectives are: (1) 

to implement a camera monitoring system to monitor horizontal evolution; and (2) to develop 

hypotheses of the failure mechanism of wetlands. Research has elucidated some of the key 

mechanisms controlling marsh edge erosion, including wind-generated waves (Chen et al. 2005; 

Priestas et al. 2015), presence of vegetation (D'Alpaos et al. 2007), erosion of cohesive sediment 

(Black et al. 2002), anthropogenic factors (Gedan et al. 2009), and soil properties (Feagin et al. 

2009; Howes et al. 2010). The experimental work by Feagin et al. (2009) suggests that soil type is 

the primary variable that influences wave-induced erosion. Howes et al. (2010) used the shear 

strength of soil to explain the failure of low- and high-salinity wetlands during Hurricane Katrina. 

Both studies conclude that the type and properties of marsh soils are important factors to consider 

when comparing erosion rates among sites, yet existing prediction models for marsh stability and 

evolution (e.g., Schwimmer (2001) and Mariotti and Fagherazzi (2010)) predominantly focus on 

wave power and lump soil and vegetation effects into field-calibrated empirical constants. 

Attempts to predict marsh edge retreat rate using only wave power have met varying levels 

of success. Schwimmer (2001) first quantified marsh boundary retreat rates in a study of various 

sites along Delaware’s Rehoboth Bay. Retreat rates obtained by local shoreline surveys over a 

five-year period were used to compute the average land loss over a given shoreline length. Wind, 

bathymetric, and fetch data were used to hindcast the wave climate from which the total averaged 

wave power at each site was computed. Based on this approach, Schwimmer (2001) proposed R = 

0.35P1.1, where R is erosion rate (m/yr), P is wave power (kW/m), and 0.35 and 1.1 are field-

calibrated empirical constants that account for soil type, water elevation, vegetation, and 

macrofauna. Similar to Schwimmer (2001), Parker (2014) analyzed aerial imagery from 1998 to 

2010 to estimate the historical retreat rate of shorelines found in Terrebonne Bay. He supplemented 

the historical retreat rates with GPS shoreline surveys conducted over a period of 12 months and 

deployed wave gauges to determine the wave characteristics directly in front of the marsh edge. 

The recorded wave gauge data was used in Delft3D to obtain water levels in the bay, which was 
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then input into a SWAN model to estimate the average wave power. As a result, Parker (2014) 

developed Fig. 1 to relate the average wave power and retreat rates at 28 sites within Terrebonne 

Bay. Although retreat rates generally increase as the wave power increases (R2 = 0.17), Fig. 1 

indicates that the predictive power of erosion rate using only wave power is limited. Therefore, 

the inclusion of spatially varying, site-specific soil strength and vegetation in addition to the 

hydrodynamic driving force is a logical step towards improving a predictive model for marsh edge 

erosion. This project will demonstrate marsh edge erosion is a function of soil, vegetation, and 

wave characteristics. We hypothesize that a strong trend exists between wave energy and local 

site-specific erosion, but expanding from localized areas to a regional scale the magnitude of 

erosion likely depends on other ecological and geotechnical parameters. 

 

 

2. EROSION MODELS 

The marsh erosion models are divided into semi-empirical and theoretical methods, where the 

semi-empirical models applied to coast-wide marsh retreat predictions and theoretical models 

focused on individual failure events. Through this literature review, the theoretical models are 

further classified into limit equilibrium, laboratory derived, and field derived methods. Still, most 

marsh erosion models are semi-empirical, which likely results from of a lack of understanding of 

the progression of failure and mechanics and uncertainty in input parameters (e.g., shear strength, 

vegetation, hydrodynamic forcings). 

The limit equilibrium method is the commonly used technique of evaluating instabilities 

for landslides, man-made slopes (e.g., levees, highway embankments, landfills), and riverbanks. 

In particular, the Bank Stability and Toe Erosion Model (BSTEM) is an approximate analogy to 

marsh edge erosion because, as the name suggests, it includes both stability and toe erosion. 

Developed at the USDA-ARS National Sedimentation Laboratory, BSTEM and its functions are 

discussed at length by Pollen-Whitehead and Simon (2009; 2010). The stability model can 

compute the factor of safety using a number of methods: horizontal layers per Simon et al. (2000), 

vertical slices with a tension crack per Morgenstern and Price (1965), and cantilever failures per 

Thorne and Tovey (1981). The model accounts for soil strength of multiple layers, partially-

variable saturated soils (i.e., positive and negative pore-water pressures), confining pressure due 

to streamflow, and soil reinforcement and surcharge due to vegetation. The toe erosion model is 
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used to estimate the bank and toe erosion, which is subsequently incorporated into the stability 

model. The erosion is predicated on hydraulic shear stress, as determined by channel geometry, 

and the soil’s critical shear stress and erodibility parameters. While BSTEM incorporates key 

parameters into its stability analysis that relate to marsh edge erosion (e.g., soil and vegetation 

strengths, pore-water pressures, toe erosion), there are several distinct differences between the two 

environments. For example, toe erosion in BSTEM is estimated from shear stress parallel to the 

bank, while waves breaking along a marsh edge impose perpendicular shear stresses. In addition, 

the dynamic impact force on the marsh bank from waves can contribute to instability through 

additional sediment erosion and increased pore-water pressure within the bank’s constituent soil. 

The model assumes hydrostatic conditions and therefore does not explicitly model transient 

seepage. This is important to note because still water levels near marshes can vary substantially 

over short periods due to tides and cold fronts, whereas river levels (at a given cross-section) are 

relatively constant over time. 

Laboratory- or field-derived models have been primarily developed for a given failure 

mode observed in the wave flume experiment or field. Bendoni et al. (2014) use a wave flume to 

replicate the toppling mass failure due to oscillating waves. They instrumented vegetated and 

unvegetated banks with pressure transducers, micro-tensiometers, and water content sensors to 

understand the dynamic soil response to waves. The governing equation for predicting failure 

comes by solving for the rotation of a block, which is assumed to be a rigid and impermeable body 

that follows viscoelastic behavior per the Kelvin-Voigt model. The failure plane is horizontal, and 

the failure criterion is equated to the tensile strength of the material (Fig. 1a). Hydrostatic and 

dynamic forcings are incorporated by estimating wave thrust and soil damping. Bendoni et al. 

(2014) found the conditions of (1) water inside the tension crack and (2) low water levels in front 

of the bank are the most unfavorable for promoting bank instability. This study indicates that the 

dynamic response of the system appears to be crucial in predicting bank instability, as several 

factors, such as elastic potential energy accumulated by the system during compression and 

released during the wave draw-down, and inertial effects, lead to higher stresses. 

The field-derived model by Gabet (1998) replicates the undercutting failure mechanism for 

California estuaries. In this case, undercutting creates a cantilever soil block (Fig. 1b). This simple 

static model determines the moment at the end of the cantilever, where the failure criterion is 

determined from the driving moment of the weight of the block and soil-vegetation shear strength. 
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The model is used to estimate the width of undercutting before a failure occurs, which signifies 

lateral retreat of the marsh. Another field-derived model was proposed by Bendoni et al. (2016). 

In Fig. 1c, Bendoni et al. (2016) separate erosion into two layers based on the still water level and 

wave characteristics. In this case, soil erodibility and undercutting are incorporated into the model. 

If the toe face retreats at a faster rate than the top face, undercutting will form and eventually leads 

to a mass failure when a threshold length is exceeded. This model also accounts for the still water 

level. For example, the top face only erodes when the still water level is at or above the height of 

the toe face. In other words, the toe face will not erode if submerged and the top face will not erode 

if the still water level is not acting on the vertical length. The length of erosion for top and toe 

faces is a function of an assumed soil erodibility and wave power. 

Semi-empirical models estimate marsh erosion by correlating observed retreat rates (based 

on aerial imagery, erosion pins, terrestrial GPS surveys, etc.) with predicted and/or measured wave 

characteristics. Schwimmer (2001) quantified marsh boundary retreat rates over a five-year period 

along sites within Rehoboth Bay, Delaware. Retreat rates obtained by local shoreline surveys were 

used to compute the average land loss over a given shoreline length. Wind, bathymetric, and fetch 

data were used to hindcast the wave climate from which the total averaged wave power at each 

site was computed. Based on this approach, Schwimmer (2001) proposed Eq. (H) using an 

empirical time-averaged erosion rate (R, m/year) as a function of wave power (P, kW/m). Marani 

et al. (2011) derived a linear relationship between volumetric retreat rate (V, m2/yr) and mean wave 

power density (P, kg-m/yr3) using Buckingham’s theorem of dimensional analysis. The authors 

calibrated the average volumetric erosion rate (Eq. I) by determining the erosion rates along 150 

sites inside the Venice Lagoon, Italy, using historical aerial imagery and utilizing a parametric 

wind model to estimate wave power. Priestas et al. (2015) used marsh retreat rates obtained from 

pins and shoreline surveys at 33 sites in Hog Island Bay, Virginia, to develop Eq. (J) in terms of 

wave power. Leonardi and Fagherazzi (2015) added an exponential function to Eq. (H) to account 

for variability in soil resistance (Hc) and mean wave height (H). They calibrate Eq. (K) with three 

sites along Plum Island Sound, Massachusetts, using the cell automata model. Mariotti and 

Fagherazzi (2010) developed an eco-geomorphic model to study the long-term evolution of salt 

marshes. To replicate marsh erosion, they emulated the formula for mud erosion, R = α(τ – τc), by 

including a critical wave power threshold (Pcr) and empirical constant (β) calibrated to produce 

retreat rates in practical units (i.e., m/yr). Because this study investigated hypothetical cases, the 
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model (Eq. L) was not validated against field or laboratory data. 

 

  
(a)          (b) 

 
(c) 

 

Fig. 1.  Examples of theoretical models: (a) Bendoni et al.’s (2014) toppling mass failure 

showing forces acting on a rigid block, (b) Gabet’s (1998) undercutting formulation using 

moment of cantilever, (c) Bendoni et al.’s (2016) field-based erodibility of two layers and 

undercutting-of-mass failures 
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Table 3. Summary of semi-empirical marsh erosion models 

Study Model Equation Parameters 

Schwimmer (2001)a 1.10.35R P  (H) 

 R (m/yr): local shoreline surveys 

 P (kW/yr): average wave power, hindcast from 

historical wind, bathymetric, and fetch data 

Marani et al. (2011)b 0.03 0.19 V P  (I) 

 V (m2/yr): historical imagery, assumed scarp 

height 

 P (kg-m/yr3): parametric wind model 

Priestas et al. (2015)c 0.079 0.43 R P  (J) 
 R (m/yr): pin and shoreline surveys 

 P (kW/m): SWAN 

Leonardi and 

Fagherazzi (2015)d 

1.10.35 exp cH
R P

H

 
  

 
 (K) 

 R (m/yr): GPS surveys 

 P (kW/m): per Young and Verhagen (1996) 

 Hc (m): equal to 4∙Su/γ 

 Su (kPa): measured by vane shear apparatus 

 γ (kN/m3): saturated unit weight 

 H (m): mean wave height 

Mariotti and 

Fagherazzi (2010)e    crR P P  (L) 

 β: empirical factor 

 P: per linear wave theory 

 Pcr: critical wave power, a function of biomass 
a Based on surveys of Rehoboth Bay, DE 
b Based on surveys of Venice Lagoon, Italy 
c Based on surveys of Hog Island Bay, VA 
d Based on surveys of Plum Island Sound, MA 
e Based on a hypothetical location 

 

Recent attempts to develop theoretical and empirical marsh-edge retreat rate models have 

met varying levels of success. This may be due to several reasons, including a lack of knowledge 

of the mobilized failure mode and corresponding mechanistic formulations, missing input 

parameters (e.g., geotechnical, ecological, marsh profile), and temporal incompatibility. The 

theoretical models discussed herein (Bendoni et al. 2014; Bendoni et al. 2016; Gabet 1998) capture 

two failure modes (undercutting and soil erodibility) at varying degrees of complexity. These 

models highlight the need to account for the failure mode, as undercutting failure is found to 

control the retreat rate. The simplistic nature of each model stems from insufficient observations 

of the progression of failure in the field. The long-term goal of the theoretical models is to achieve 

a level of sophistication similar to that of BSTEM and geotechnical slope stability models based 

on limit equilibrium or finite element methods. Johnson (2016) represent the first models to 

incorporate shear strength in their formulations. The marsh profile can also play an influential role; 

for example, the marsh platform and mudflat elevations control the wave power estimates. Thus, 

an area of future research is developing models that include geotechnics (shear strength, wave 

damping), ecology (vegetation type, roots), and marsh profile in the semi-empirical models. 
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Bendoni et al. (2016) compared short-term (weeks to months) to long-term (years to decades) 

retreat rates reported by Marani et al. (2011) and found the short-term rates to be much greater. 

They explained this observation using the analogy to the dependence of the rate of bed load 

transport on sampling frequency described by Singh et al. (2009). Longer time scale observations 

tend to smooth out higher peak fluctuations and include both variations intrinsic to the physical 

processes at work and possible changes in external forcing (e.g., variation due to human activities 

or climate change). As a result, these findings suggest there is an important need to develop 

process-based, mechanistic models for investigating possible long-term evolution of marshes by 

carrying out field observations on short time scales. 

 

3. SITE INVESTIGATION 

Fig. 2 shows an overview of Terrebonne Bay, Louisiana, and the camera monitoring site. The 

investigations in this area began about 10 years ago by Kyle Parker, a Master’s student in Professor 

Q. Jim Chen’s research group. Prior work focused on RTK measurements of the shoreline erosion 

rate and waves impacting the marsh edge. The site has historically experienced high erosion rates 

of several meters per year.  

The majority of wetland monitoring sites focus on vertical evolution of marshes 

(Temmerman et al., 2003; Kirwan and Murray, 2007), while only few studies have continuously 

observed the horizontal evolution of coastal marshes. As a result, the specific mechanisms and 

causes of marsh retreat via mass failures and particle-by-particle erosion due to wind waves are 

not well identified (Gabet, 1998; Schwimmer, 2001; Gedan et al., 2009; Marani et al., 2011). While 

there are an increasing number of studies using physical experiments for simulating marsh 

environments (e.g., Coops et al., 1996; Chen et al., 2013; Feagin et al., 2009; Francalanci et al., 

2015; Bendoni et al., 2015), a potential drawback of the small-scale physical models is the 

temporal incompatibility, i.e., the experiment duration is much shorter than processes in the field. 

Field reconnaissance of coastal marsh erosion is predominantly focused on measuring boundary 

retreat rates from aerial imagery, total station and prism rod, GPS units, and erosion pins. The site 

visits are also spaced 3 to 4 months apart, so extensive monitoring to identify the progression of 

marsh failure is not feasible. Time-lapse still and motion imagery include a wealth of visible details 

for the observation of soil behavior, infrequent and extreme events in ecology, geology, and 

meteorology (Newbery and Southwell, 2009; Holman et al., 2003). For example, Zhang et al. 
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(2014) installed low power and low cost networked smart cameras to document the short-term 

processes of bluff erosion. This work involved leveraging archived images to visualize and 

characterize the evolution of marsh edge erosion. We are exploring four important questions 

regarding the progression of marsh edge erosion: (1) What is the failure mechanism; (2) How 

rapidly is erosion occurring; (3) Is the erosion chronic or episodic; and (4) Is it linked to any 

predictable physical or meteorological event? 

 

 

Fig. 2.  Overview of camera site in Terrebonne Bay near Cocodrie, LA and LUMCON (image 

courtesy of Google) 

 

3.2 Time-Lapse Camera 

Although laboratory and field observations suggest three marsh edge erosion mechanisms are 

prevalent (slumping, undercutting, and root scalping), long-term continuous monitoring has not 

been performed to understand the time-dependent erosion process. As a result, we installed 4 

Moultrie Outdoor cameras (encased in weather-resistant housing) to identify the progression of 

marsh erosion using time-lapse imaging. The camera was mounted on an open-ended steel pipe 

that was driven sufficiently into the ground to provide an adequate foundation capable of resisting 

wave and wind forces (Fig. 3). The camera is angled at an oblique view to the shoreline to monitor 
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the waves impacting the marsh edge. The photos will be collected on a subsequent field trip and 

analyzed for developing a framework for the progression of marsh edge erosion. The cameras are 

currently recording images since April 2017. The April 2017 photos were obtained using Brinno 

construction cameras. We found that the image quality and reliability were low for our applications 

in the wetlands. The August 2017 field campaign replaced the Brinno cameras with the Moultrie 

cameras. They record data using 32 GB scandisks and 12 AAA batteries. This hard drive battery 

power typically lasts about 3 months. Erosion pins and markers were also installed in August 2018 

to quantify the local shoreline erosion. The subsequent field investigation in November 2017 

collected images from August to November 2017 for analysis.     
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Fig. 3.  Time-lapse camera after installation 

 

4. RESULTS 

This section provides the preliminary results for the camera monitoring system. In particular, select 

images are provided herein. Appendix A provides a prepared presentation that provides a 

qualitative assessment of the cameras. Overall, three cameras recorded from August 18, 2017 to 

November 18, 2017. Images were taken every 10 minutes from 6:00 AM to 5:50 PM. Two major 

storm events were observed on August 29 and August 30. After these events, the vegetation was 

noticeably less dense. The force from these major events We are attempting to quantify how much 

vegetation was lost using the cameras. Shoreline erosion was qualitatively monitored using 

markers and erosion pins. Rate was more or less “constant”, meaning major events did not lead to 

significant erosion although not all major events were likely captured. Smaller events gradually 

erode the “organic muck” below and between the vegetation (i.e., undercutting). Major events 

likely erodes some mudflat but more importantly removes vegetation which destabilizes the soil. 
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Fig. 3. Erosion rates determine from the erosion pins from April to August 2017 
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Fig. 4. Select images from relatively major and minor storm   

 

6. CONCLUSIONS 

The draft of Louisiana’s 2017 Coastal Master Plan (CPRA) estimates that up to an additional 1,756 

m2 of land will be lost in the next 50 years without aggressive coastal restoration and protection. 
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A major mechanism causing a large proportion of the observed land loss is wind waves and surges 

attacking marsh boundaries. This process spurs a positive feedback cycle by increasing fetch and 

depth in a shallow coastal waterbody. This scenario is rapidly increasing rates of marsh edge 

erosion in Terrebonne Bay, Barataria Bay, and Breton Sound, Louisiana (Chen et al. 2013). 

Therefore, a model that can confidently predict the response of a stretch of coastal marsh to a given 

wave climate would prove a valuable tool for the management of coastal resources to mitigate 

erosion hazards. 
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Summary of Camera Monitoring System

• Three cameras recorded from August 18, 2017 to November 18, 2017. 
Images were taken every 10 minutes from 6:00 AM to 5:50 PM.

• Photos reviewed = 3 cameras x 72 photos/day/camera x 90 days = 19,440

• “Major” storm events on August 29 and August 30, with some “smaller” 
events (e.g., September 5). Smaller events defined as less than 0.5 m 
above marsh surface elevation.

• Vegetation was noticeably less dense (i.e., thinner) after major storm 
events. Recovery of vegetation still ongoing (?). 

• Shoreline erosion was qualitatively monitored using markers and erosion 
pins. Rate was more or less “constant”, meaning major events did not lead 
to significant erosion although not all major events were likely captured. 

• Preliminary erosion mechanism: Smaller events gradually erode the 
“organic muck” below and between the vegetation (i.e., undercutting). 
Major events likely erodes some mudflat but more importantly removes 
vegetation which destabilizes the soil.

• Next steps: (1) Photogrammetric analyses to determine erosion rates; (2) 
Analyze next set of photos (November 18, 2017 to present).
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