
 The driving force behind erosional processes of marsh-bay boundaries in the 

Virginia Coast Reserve is wave attack2,5 . 
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 Wind-driven waves have a significant impact on marsh edge deterioration2. Sea level rise, increased storminess, and human population growth amplify 

coastal erosion problems for marshes along the Eastern Shore of Virginia. A 

small marsh island – Man and Boy Marsh – in the Virginia Coast Reserve was 

studied to determine long-term rates of change and to investigate spatial 

variations in erosional processes around the entire marsh island shoreline. 

Man and Boy Marsh is the site of two artificial oyster reefs installed by The 

Nature Conservancy (TNC) in 2015 to increase oyster habitat and to dampen 

wave energy driving erosion of the marsh edge. Wave attenuation is a crucial 

component of any coastline protection plan. Nature-based shoreline 

modifications may offer a promising management treatment that preserves 

natural conditions while controlling erosion. 
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Analyzing Moving Boundaries Using R

Shoreline change statistics were calculated based on three digitized shorelines 

– 2009, 2011, and 2014 – using DSAS1. The main island experienced an average 

erosion rate of -1.96 m yr-1 while the smaller island experienced -1.30 m yr-1. 

Higher than average erosion rates were evident at the two TNC oyster reef 

restoration sites1. 

Figure 1. a) Location of  Man and Boy Marsh (MB) at the southern end of  the Delmarva Peninsula 

(inset). b) The Nature Conservancy’s Man and Boy Marsh East Site4. c) The Nature Conservancy Man 

and Boy Marsh South Site4. d and e) The Nature Conservancy oyster castle living shoreline installations4. 

Figure 2. a) Erosion rates from 2009 to 2014 for Man and Boy Marsh calculated using aerial photographs 

and DSAS 1. b) Man and Boy Marsh East Site erosion rates and mean rate1. c) Man and Boy Marsh South 

Site erosion rates and mean rate1. 

 Investigate factors (e.g., prevailing wind direction, wind speed, wave fetch) 

that affect spatial variation in wave conditions and erosion rates.

Calculate rate of shoreline change between 2009 and 2014 using historical 

aerial photographs, Digital Shoreline Analysis System (DSAS)1, and Analyzing 

Moving Boundaries Using R (AMBUR).

Compare rates of shoreline change with directional wind data.

Determine significant wave heights at TNC restoration sites using field 

measurements and the parametric wave model of Young and Verhagen 

(1996)6 for given wave conditions.

Provide ground-truth, quantitative data for the wave protection model of 

the TNC Coastal Defense application.

Quantify wave attenuation efficacy of newly 

constructed oyster reefs under various tidal and storm 

conditions. Data will be used to locally calibrate the 

wave protection model that runs the Coastal Defense 

app, part of the Coastal Resilience platform, that 

calculates how coastal habitats reduce wave energy 

hitting shorelines.

Figure 4. a) Wind rose of directional wind data obtained from NOAA meteorological station “Chesapeake 

Light (CHLV2)” in Virginia from 1988 to 20074. b) Mean erosion rates (myr-1) divided in to twelve sectors, 

each representing 30 degrees of the horizon. c) Values are means of erosion rates by sector. Error bars indicate 

95 percent confidence intervals. Mean erosion rate between sectors is significantly different (ANOVA followed 

by Tukey posthoc test, P<0.0001).

Wave energy at the marsh boundary

Figure 6. Coastal Resilience platform. 

Study Area

AMBUR provides a collection of scripts to assist with shoreline change analysis 

by taking advantage of R’s robust statistical, graphical, and geospatial 

capabilities3. The package is especially effective at quantifying changes along 

curved shorelines3.

Figure 3. An example of the four required AMBUR input feature classes (inner and outer baselines, 

shorelines, and transects) for a portion of the marsh edge at Man and Boy Marsh. Shorelines from the years 

2009, 2011, and 2014 were digitized using aerial imagery from the National Agriculture Imagery Program 

(NAIP) .
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Figure 5. a) Measurements of  wind speed and direction from Wachapreague station from 11 December 2015 to 

5 January 2016. Lines point in the direction that the wind is blowing toward. (b) Values are means of  

significant wave height by site. Error bars indicate 95 percent confidence intervals. Mean significant wave 

heights are significantly different (t-test, p<0.0001). c) The distribution of  measured significant wave height 

near the edge of  Man and Boy Marsh East (red) and South (blue) Site.
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