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INTRODUCTION 

 

Sandy beach habitat has been modified throughout the United States (U.S.) Atlantic Coast 

breeding range of the piping plover (Charadrius melodus), from Maine to North Carolina.  

Threats to sandy beach ecosystems include development, hard shoreline stabilization structures, 

sediment placement projects, beach scraping, sand fencing, and more.  Sandy beaches are a 

valuable habitat for piping plovers, red knots (Calidris canutus), other shorebirds and waterbirds 

for nesting, foraging, loafing, and roosting.  The North Atlantic Landscape Conservation 

Cooperative (LCC) has designated the piping plover as a representative species in all three 

subregions, standing as a surrogate for other species using dynamic beach systems including 

American oystercatchers (Haematopus palliatus), least terns (Sterna antillarum), black skimmers 

(Rynchops niger), seabeach amaranth (Amaranthus pumilus) and migrating shorebirds.  

 

Sandy beaches and/or dunes are designated as a key habitat in the state Wildlife Action Plans for 

all of the states in the Northeastern and Mid-Atlantic coastal states ï Maine (ME), New 

Hampshire (NH), Massachusetts (MA), Rhode Island (RI), Connecticut (CT), New York (NY), 

New Jersey (NJ), Delaware (DE), Maryland (MD), Virginia (VA), and North Carolina (NC); the 

piping plover is listed as a species in greatest conservation need by each of those states as well 

(CT DEP 2005, CT DEEP 2015, DE DNREC 2006, MD DNR 2005, MDIFW 2005, NJ DEP 

2008, NYDEC 2005, RDFW 2005, MDFW 2006, NC WRC 2005, NHFG 2006, VA DGIF 

2015).  The Long Island Sound Study lists both beach and dune habitat and the presence of 

piping plovers as environmental indicators for the health of the Long Island Sound ecosystem 

(LISS 2015).  The Peconic Estuary Program also has designated piping plover nests and nesting 

productivity as an environmental indicator, as well as the extent of shoreline hardening from 

shoreline stabilization structures (Balla et al. 2005). 

  

Recovery Task 1.2 of the U.S. Fish and Wildlife Service (USFWS) Recovery Plan for the piping 

plover prioritizes the maintenance of ñnatural coastal formation processes that perpetuate high 

quality breeding habitat,ò specifically discouraging the ñconstruction of structures or other 

developments that will destroy or degrade plover habitatò (Task 1.21), ñinterference with natural 

processes of inlet formation, migration, and closureò (Task 1.22), and ñbeach stabilization 

projects including snowfencing and planting of vegetation at current or potential plover breeding 

sitesò (Task 1.23) (USFWS 1996, pp. 65-67).  The U.S. Fish and Wildlife Serviceôs most recent 

5-Year Review for the piping plover recommends increasing ñefforts to restore and maintain 

natural coastal formation processes in the New York-New Jersey recovery unit, where threats 

from development and artificial shoreline stabilization are highest, and in the Southern Recovery 

Unit, where the ploverôs habitat requirements are the most stringent é.  This action is also 

critical to reducing adverse effects of accelerating sea level riseò for the breeding range of the 

federally listed (threatened) Atlantic Coast population (USFWS 2009, p. 195).   

 

A series of assessments recently filled the data need to identify such habitat modifications that 

have altered natural coastal processes and the resulting abundance, distribution, and condition of 

existing habitat in the U.S. Atlantic Coast breeding range prior to Hurricane Sandy and 

immediately after Hurricane Sandy in October 2012.  The U.S. Atlantic Coast breeding range of 

the piping plover stretches from Maine to North Carolina.   
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Six recent reports provided these data for the U.S. continental migration and overwintering range 

of the piping plover (Rice 2012a, 2012b), the northern portion of the U.S. Atlantic Coast 

breeding range (Rice 2015a, 2015b) and the southern portion of the U.S. Atlantic Coast breeding 

range (Rice 2014, 2015c) prior to Hurricane Sandy.  A summary report synthesized the results of 

these six reports to characterize tidal inlet and sandy beach habitats from Maine to North 

Carolina before Hurricane Sandy (Rice 2015d).  Another report assessed the storm-induced 

habitat modifications to tidal inlets and sandy beaches from Maine to North Carolina resulting 

from Hurricane Sandy (Rice 2015e).  Lastly, the habitat assessment for tidal inlets from Maine 

through North Carolina was updated to 2015 conditions in Rice (2016).  Altogether this 

information can provide an assessment of the cumulative impacts of habitat modifications at tidal 

inlets and sandy beaches for piping plovers and other birds, including oceanfront beaches used 

by the recently listed rufa red knot (Calidris canutus rufa).  These assessments do not, however, 

include habitat disturbances at tidal inlets or sandy beaches such as off-road vehicle (ORV) 

usage, pet and human disturbance, or disturbance to dunes or vegetation. 

 

All of these previous reports, inventory data and Google Earth data layers are available online at 

the Beach and Tidal Inlet Habitat Inventories Project page of the North Atlantic LCC website at 

www.northatlanticlcc.org.  The Google Earth data layers are also available in shapefile format in 

the Inventory of Habitat Modifications to Tidal Inlets and Sandy Beach Habitat Gallery at Data 

Basin, at www.databasin.org.  Phase 1 of the project contains reports, data and map layers for tidal 

inlet and sandy beach habitats prior to Hurricane Sandy.  Phase 2 of the project contains reports, 

data and map layers for tidal inlet and sandy beach habitat immediately following Hurricane 

Sandy in October 2012.   Phase 3 of the project contains reports, data and may layers for tidal 

inlet and sandy beach habitat conditions in 2015. 

 

This report updates the habitat inventory for sandy beach habitat three years after Hurricane 

Sandy, characterizing the habitat and its modifications for the entire U.S. Atlantic Coast breeding 

range of the piping plover, from Maine through North Carolina, as of 2015.   

 
 

METHODS 
 

This assessment updates the sandy beach inventories for the U.S. Atlantic Coast breeding range 

that characterized the habitat abundance, distribution and condition prior to Hurricane Sandy in 

October 2012, as described in Rice (2012b), Rice (2015b) and Rice (2015c). In order to evaluate 

the status of sandy oceanfront beaches along the coastline from Maine through North Carolina, 

the same methods of Rice (2015b) and Rice (2015c) were used with minor refinement.  Mainland 

and inner estuarine beaches were not included unless no barrier islands were located offshore and 

thus the mainland or inner estuarine beaches were located with direct exposure to the Atlantic 

Ocean, Long Island Sound or the Peconic Estuary (e.g., Monmouth Beach, New Jersey, or 

Montauk, New York).  The northern limit of the study area was Georgetown, Maine, north of 

which sandy beaches are rare.  The southern limit of the study area was the state boundary 

between North Carolina and South Carolina. 

 

Numerous reviewers provided comments on a draft of this assessment in order to verify and 

correct details, where necessary, and are listed in the Acknowledgements section.  In order to 

http://www.northatlanticlcc.org/
http://www.databasin.org/
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assess the status of sandy beach habitat from ME to NC as of 2015, six habitat modifications for 

sandy beaches were identified and measured:  1) beachfront development, 2) beachfront lands in 

public and/or non-governmental organization (NGO) ownership, 3) beachfront armor, 4) 

locations of sediment placement activities constructed or proposed through 2015, 5) locations of 

beach scraping between 2012 and 2015, and 6) locations of sand fencing present between 2012 

and 2015. 

 

Development 

 

The oceanfront shoreline was assessed by using the Google Earth imagery available for 2015, or 

where no 2015 imagery was available, early 2016.  High-resolution imagery in Google Earth Pro 

was used to calculate the locations and lengths of sandy oceanfront beaches in each geographic 

area as well as to distinguish the lengths that were developed versus undeveloped.  A Microsoft 

Excel database of all data was created, with the data organized by geographic area.  Data were 

compiled on a community/municipal basis to facilitate updates and replication of the data.  Line 

segments were created within Google Earth Pro for each undeveloped or developed beach 

segments.  The line segments were labelled with the community name followed by ñDEVò for 

developed or ñUNDEVò for undeveloped, followed by a number representing the geographic 

order of the beach segment (from north to south or east to west).  Thus the line labelled 

ñCharlestown UNDEV 15ò is the fifteenth beach segment from east to west in the town of 

Charlestown, Rhode Island, and it is an undeveloped section of beachfront.  Line segments 

representing developed beachfront areas were colored in orange and those representing 

undeveloped beachfront colored in green (Figure 1).  The length of each line segment in Google 

Earth Pro was recorded in Microsoft Excel. 

 

In Maine, New Hampshire, Massachusetts, Rhode Island, Connecticut, and along the Long 

Island Sound (LIS) and Peconic Estuary shorelines of New York, sandy beaches may be directly 

adjacent to rocky beaches.  Rocky beaches are defined as beaches composed predominantly of 

gravel, cobble and/or boulders.  Rocky beaches may have minor amounts of sandy substrate.  

Solid rock outcrops are not considered rocky beaches.  Beaches in the study area may convert 

from predominantly sandy to predominantly rocky or vice versa seasonally or yearly; for the 

purposes of this inventory, the substrate was categorized using the highest resolution imagery 

available within Google Earth for 2015 or early 2016. Where rocky beaches were directly 

adjacent to sandy beaches, the segments of rocky beach were delineated, measured and recorded 

because those areas may convert between predominantly sandy and rocky over time; these data 

are available within the Microsoft Excel and Google Earth data layer products associated with 

this habitat assessment. 

 

The presence or absence of beachfront development was evaluated within 500 feet (ft; 152 

meters [m]) landward of the first line of stable vegetation, or between the beach and a coast 

parallel road, whichever was nearer.  Where a coast parallel road was present, the distance 

between the beach and the road needed to be sufficient enough to be developable with a building 

in order to be considered undeveloped beachfront (when no buildings were present).  When 

development was set back less than 500 ft (152 m) but a water body such as a coastal pond 

separated the sandy beach from the development, the beach segment was considered 

undeveloped.  The 500 ft (152 m) evaluation area landward of the beach was measured  
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Figure 1.  Segments of sandy beach habitat delineated as developed (orange) and 

undeveloped (green) in Charlestown, RI.  Narrow lime green lines represent the boundaries 

of beachfront parcels in public or NGO ownership.  Fuchsia lines represent the locations of 

armor. 

 

 

perpendicular to the shoreline orientation.  This 500 ft (152 m) criteria is a minor revision to the 

methodology used in the 2012 habitat assessment (Rice 2015b, 2015c), which did not utilize a 

specific distance limit. 

 

When calculating the approximate lengths of beach shoreline that were developed versus 

undeveloped, no distinction was made as to the level of development.  Undeveloped areas were 

those where no structures existed adjacent to the beach and that appeared natural in the Google 

Earth aerial imagery.  Vacant lots that were surrounded by a high number of buildings were not 

counted as undeveloped areas unless they were of a sufficient size to measure (e.g., greater than 

200 ft [61 m] in oceanfront length).  Parking lots and roads were not considered as developed 

areas unless they were developed on the landward side of the road and the road was close to the 

beach, preventing the sandy beach from migrating with rising sea level.  Golf courses directly 

adjacent to the beach were categorized as developed beachfront.  The individual dates of Google 

Earth imagery and eye altitude from which measurements were made were recorded; the latter 

was typically 1,000-1,100 feet (305-335 meters) above ground level. 

 

The shoreline lengths used in this report are approximations for several reasons.  First is the 

dynamic nature of the habitat.  Sandy oceanfront beaches shift in space over time and may grow 

(accrete) or recede (erode) on a daily, weekly, seasonal or annual basis.  Thus, the measured 

lengths are snapshots in time and are not necessarily the same lengths that would be measured 

today or tomorrow.  Second, only the ocean-facing segments of the inlet shorelines were 
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included, and the demarcation lines were based on professional judgment.  Finally, the 

measurements are approximations due to mathematical rounding to the nearest hundredth of a 

mile. 

 

Neither beach width nor area were measured in this assessment.  The width or area of a beach 

changes daily and the available aerial imagery does not control for season, tide stage, etc.  The 

beach segment lines created for the Google Earth data layer represent the presence or absence of 

sandy beach habitat in 2015.  The lines do not represent the wet-dry line, the first line of stable 

vegetation, or any other physical feature; the lines are drawn on the dry beach and measure its 

length only. 

 

Where sandy beach habitat was absent seaward of beachfront armor, but evidence indicates that 

a sandy beach would be present in the absence of the armor, those sandy shoreline segments 

were delineated with yellow lines and their length recorded (Figure 2).  The presence or absence 

of dry sandy beach habitat seaward of beachfront armor is ephemeral in many areas, and could 

fluctuate with the construction of sediment placement projects; the delineation of their location 

in 2015 allows for future comparisons.  The line segments were labelled with ñNO BEACHò 

rather than ñDEVò or ñUNDEVò in the aforementioned naming convention.  The segments of 

sandy shoreline lacking beach habitat seaward of armor in 2015 represent a habitat loss at the 

time the imagery was taken.  Professional judgement was used to determine which shorelines 

would be predominantly sandy or rocky in the absence of armor. 

 

 

 
Figure 2.  Segments of sandy shoreline where no dry sandy beach was present seaward of 

beachfront armor structures in 2015 were delineated with yellow lines and their lengths 

recorded, as in this example from Fairfield , Connecticut. 
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Public and NGO Beachfront Ownership 

 

Beachfront land parcels in public or NGO ownership were delineated from a variety of sources, 

including county or municipal parcel data available online to the public (see Table 1 of Rice 

2015b for a full list of sources consulted for Maine to New York).  Public and NGO-owned 

beachfront parcels are delineated with narrow, lime green lines in Google Earth Pro (Figure 1).  

The public / NGO line segments were delineated parallel to the beach segment lines in order to 

measure the length of sandy beach habitat present within the public and NGO tracts in 2015.  

Public/NGO land ownership may extend beyond the lines shown, which delineate the length of 

sandy beach within the public/NGO owned parcels.  In some locations the public/NGO 

ownership lines include areas of rocky beach where the rocky beach is directly adjacent to 

segments of sandy beach because the substrate may change over time from predominantly rocky 

to sandy and vice versa.   

 

The amount of sandy oceanfront beach in public and/or NGO ownership (and thus protected to 

some degree from development) provides an approximation of how much of sandy beach habitat 

may be available as sea level continues to rise and climate changes.  If an area is in public or 

NGO ownership, then it is assumed that the habitat retains the potential to migrate inland with 

rising sea level and to continue to provide habitat for the piping plover and other shorebirds and 

waterbirds over the next several decades.  [Note that public and NGO-owned lands may have 

been, continue to be, or may be modified in the future by shoreline stabilization structures or 

sediment placement projects; therefore they only retain the potential to provide future habitat as 

sea level rises.]  Where sandy oceanfront beaches are developed, it is assumed that the habitat is 

highly susceptible to being lost or significantly degraded as sea level rises (through erosion or 

shoreline armoring), and thus of diminishing value to the piping plover.  Undeveloped sandy 

oceanfront beaches that are not public or NGO-owned (i.e., private) were assumed to be 

developable.  These beaches could provide opportunities for future conservation of adaptive 

capability via easements or other mechanisms.   

 

Public and NGO lands in this assessment include the public lands of National Wildlife Refuges 

(NWRs) owned by the USFWS; National Seashores (NSs) and National Recreation Areas 

(NRAs) owned by the National Park Service (NPS); state, county and local parks and beaches; 

state Natural Areas, wildlife refuges and heritage preserves; and military bases.  Sandy 

oceanfront beaches that have been protected by non-governmental conservation organizations, 

such as The Nature Conservancy preserves, were also included.  Properties that have habitat 

conservation plans were not included because these properties typically have some level of 

development and are not protected, undeveloped spaces like refuges or parks.  Data on the name, 

location, ownership, length of sandy beach present in 2015, and type of public or NGO land 

(e.g., wildlife refuge, park) were recorded in Microsoft Excel.     

 

Where readily available information existed, notations about habitat modifications within 

individual public and NGO lands were noted in the Microsoft Excel database.  These habitat 

modifications could include: 

¶ the presence of jetties, groins or other shoreline armoring in or adjacent to the parcel;  

¶ dredging activities at an inlet in or near the parcel; 

¶ beach nourishment or dredge disposal activities on beaches in the parcel;  
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¶ the presence of ORV or recreational vehicle usage;  

¶ campgrounds, recreational facilities, and/or camping allowed on the beach;  

¶ the maintenance and protection of coastal highways;  

¶ the artificial creation and/or maintenance of dunes;  

¶ artificial opening or closure of inlets, including inlet relocations; 

¶ vegetation plantings; 

¶ the presence of feral horses, hogs or other animals that can damage vegetation and dunes; 

¶ waterfowl impoundments; 

¶ the presence of private inholdings or retained rights agreements that preclude some 

management options; and 

¶ the presence of historic sites or structures (e.g., historic forts on the Sandy Hook 

peninsula in New Jersey, military batteries at Delaware Seashore State Park in Delaware 

or Cape May Point State Park in New Jersey). 

 

 

Beachfront Armor  

 

An assessment to estimate the length of each stateôs sandy oceanfront beach that has been 

armored with hard structures was measured by identifying and digitizing structures visible in 

Google Earth imagery in historic and current aerial photography.  Armoring structures include 

shore-parallel seawalls, bulkheads, revetments, riprap, geotube and sandbag revetments, groins, 

offshore breakwaters, and jetties.  A description of the different types of stabilization structures 

typically constructed on sandy beaches ï terminal groins, groins, seawalls, breakwaters, 

revetments and others ï can be found in Rice (2009) as well in the Manual for Coastal Hazard 

Mitigation (Herrington 2003, online at 

http://www.state.nj.us/dep/cmp/coastal_hazard_manual.pdf) ), the U.S. Army Corps of 

Engineersô Coastal Engineering Manual (USACE 2002) and in Living by the Rules of the Sea 

(Bush et al. 1996).   

 

Where existing datasets were available delineating beachfront armor, those datasets were 

incorporated in this assessment.  Existing datasets include those of MA DCR (2009) and 

Fontenault et al. (2013) in Massachusetts, a 2008 inventory by the North Carolina Division of 

Coastal Management of sandbag revetments in NC, and coastal engineering inventories 

conducted for some National Park Service lands (e.g., Dallas et al. 2013).  Where existing 

datasets were not available, beachfront armor was digitized using a heads-up approach1 and 

colored fuchsia in a Google Earth data layer (Figures 1 and 2).  All identifiable armoring 

structures were included, even if some are periodically buried, failing, in disrepair or remnant 

structures.  Stormwater outfalls and docks were included if they were armored (typically with 

stone) and functioning like groins (i.e., the shoreline was offset on either side of the structure); 

their dual functions were noted in their labels. 

 

The armor structures were labelled with the community name followed by the type of structure 

and ending with a number for that type of structure representing its geographic order (from north  

                                                           
1 Heads-up digitizing is the manual digitization of a feature by tracing a computer mouse over features displayed in 

aerial imagery as a method to create GIS data. 

http://www.state.nj.us/dep/cmp/coastal_hazard_manual.pdf
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Figure 3.  The approximate locations of armor structures that were proposed but not 

constructed as of 2015 were delineated with sky blue lines in a Google Earth data layer, as 

in this example from Ocean Isle Beach, NC.  The Town of Ocean Isle Beach has proposed 

to construct a terminal groin at the east end of the island near Shallotte Inlet.   

 

 

to south or east to west).  For example, ñRehoboth Beach groin 4ò is the fourth groin in 

Rehoboth Beach, Delaware (DE), counted from north to south.  ñDewey Beach bulkhead 1ò is 

the first bulkhead in Dewey Beach, DE, counted from north to south.  Note that some dates of 

aerial imagery within Google Earth are slightly offset from each other; the position of each 

armor structure was delineated from the same date of imagery used to identify the presence or 

absence of sandy beach habitat (i.e., 2015 or early 2016) and could appear offset in other 

imagery dates.  Proposed armor structures were delineated in sky blue and prefaced with 

ñPROPOSEDò in their labels (Figure 3). 

 

The length of shoreline modified by armoring was measured using the methodology of Coburn et 

al. (2010), Dallas et al (2013) and Schupp and Coburn (2015) in their recent coastal engineering 

inventories for the NPS, which utilized aerial imagery to identify and digitize shore protection 

structures within individual coastal parks.  ñThe structure length used in calculating the 

percentage of shoreline armored for individual shore parallel structures was merely the length of 

the structure. For groin fields é the length of stabilized shore was set as the length of the groin 

fieldò (Dallas et al. 2013, p. 5).  Where Dallas et al. (2013) defined a groin field as three or more 

groins, in this assessment a groin field was defined as two or more groins in close proximity to 

each other.  An armoring ñproject was considered distinct if there was any discernible, physical 

separation between it and an adjacent coastal engineering project. A series of bulkheads 

constructed by individual interests, for example, would be classified as one structure as long as 

no identifiable gaps were observed between themò (Dallas et al. 2013, p. 5).  The overall length 
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of a contiguous section of seawalls, bulkheads and/or revetments was then measured and 

recorded as the length of shoreline armored in a given area.  Digitization of the armoring 

structures within Google Earth allowed for overlapping armoring structures (i.e., a section of 

seawall with a groin field seaward of the wall) to be identified and the overall length of shoreline 

modified by the armoring to be measured without double counting.  The lengths of sandy beach 

habitat modified by beach armoring were recorded in Microsoft Excel. 

 

The lengths of shoreline affected by armoring included in this report should be considered a 

minimum because of the difficulty in identifying structures that still may be hidden by 

vegetation, dunes, or beach fill.  A number of armor structures that were not visible prior to 

Hurricane Sandy were exposed by the storm or during the three years after the storm, for 

example; these structures were not included in the 2012 armor inventories of Rice (2015b, 

2015c), but were newly identified and included in this 2015 update.  Wherever available, 

published sources on hard stabilization structures armoring the coast were used to verify the 

types of armoring and the lengths of shoreline armored in a given area.  In addition, solitary 

shore perpendicular structures such as jetties or solitary groins were noted but not included in the 

lengths of shoreline armored.  Although the adjacent shoreline is impacted by the solitary 

structure, the length of shoreline impacted is unique to the given setting and cannot be uniformly 

measured.  Therefore the lengths of shoreline modified with armoring identified in this 

assessment are minimum values. 

 

 

Sediment Placement 

 

An estimate of the length of sandy oceanfront beaches that have received or continue to receive 

sediment placement was also compiled.  Sediment placement projects include beach fill or 

nourishment, artificial dune construction using fill material, inlet closure, and dredge disposal 

placement projects.  The locations of sediment placement projects constructed as of 2015 were 

identified and delineated with a series of red lines in a Google Earth data layer.  In this way, 

overlapping project areas could be identified.  Each area of beach that has received sediment 

placement is counted only once, even if the site has repeatedly been modified by sediment 

placement, since the goal was to measure the spatial area of modification.  Overlapping project 

areas were counted only once.  Proposed sediment placement project areas were delineated with 

sky blue lines.  Where project data were insufficient to identify precise project boundaries of 

sediment placement projects, red points (rather than lines) were delineated within the overall 

project area.  Project details and lengths of modified beaches (with known boundaries) were 

recorded in Microsoft Excel. 

 

The sediment placement information serves two purposes:  1) a basis for cumulative effects to 

sandy oceanfront beaches resulting from soft stabilization and dredge disposal activities (see the 

Discussion section), and 2) an assessment of the length of coastline where sandy beaches will 

attempt to be ñheld in placeò as sea level rises.  The latter increases the risk of further degrading 

habitat quality over time as the adverse impacts of these activities continue, perhaps in perpetuity 

(for a discussion of the potential adverse ecological impacts of beach nourishment and dredge 

disposal activities, between which ñthere is little to no differenceò [Bush et al. 2004, p. 90], see 

Peterson et al. 2000, Peterson and Bishop 2005, Defeo et al. 2009, and Rice 2009).  Again,  
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Figure 4.  The known locations of sediment placement projects constructed as of 2015 were 

delineated with red lines in a Google Earth data layer, as shown here in Spring Lake, New 

Jersey.  The slightly shorter red line on the left represents the location where the Town of 

Spring Lake periodically places dredged material from Wreck Pond.  The longer red line 

on the right represents the federal Sandy Hook to Barnegat Inlet Beach Erosion Control 

Project, Asbury Park to Manasquan Beach Section. 

 

 

published sources including peer-reviewed literature, government agency reports and permits, 

were used to compile the lengths of shoreline affected by beach nourishment and dredge disposal 

placement activities in each state.  Where readily available published sources were absent for a 

geographic area, the beach nourishment database of the Program for the Study of Developed 

Shorelines (at http://beachnourishment.wcu.edu) was consulted and an inventory of projects in 

that region was added to the Excel database. 

 

Beach Scraping 

 

Beach scraping is the use of bulldozers to push up artificial levees or ñdunesò with sediment 

from the beach (Figure 5).  The bulldozers scrape the top layer of sand, oftentimes limited by 

permit conditions to one foot (0.3 m) depth, to push a mound of sand and create an artificial dune 

that functions like a levee at the back of a beach.  Beach scraping can be conducted by individual 

property owners (including state agencies on state lands) or by local municipalities.  This type of 

habitat modification is most common following storm events that have eroded the dunes.  For the 

purposes of this assessment, beach scraping is considered distinct from the bulldozing of 

sediment that occurs as part of a sediment placement project.  During the sediment placement 

projects, bulldozers and other heavy equipment shape new sediment into a predetermined, 
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engineered profile.  Beach scraping, on the other hand, uses the existing sediment on a beach to 

create an artificial dune or levee.   

 

The locations and extents of beach scraping that was conducted during the three years after 

Hurricane Sandy, or November 2012 through December 2015, were inventoried.  Beach scraping 

was identified both in aerial imagery and through state permits in some states (i.e., RI, NY).  

Aerial imagery consulted to identify beach scraping locations included Google Earth imagery 

covering the 3-year period as well as aerial imagery taken by the National Oceanic and 

Atmospheric Administration ï National Geodetic Survey (NOAA-NGS) and the United States 

Geological Survey (USGS) following storm events during the 3 years after Hurricane Sandy.  

Identified areas of beach scraping are conservative, limited only to those locations documented 

in aerial imagery or through available coastal management permits. 

 

The length of sandy beach habitat modified by beach scraping was calculated by delineating 

thick blue lines in Google Earth.  The line segments are oriented parallel to the beach.  The 

locations, dates and lengths of each beach scraping site were recorded in Microsoft Excel, along 

with the imagery source. 

 

 

 
Figure 5.  Beach scraping often is visible in aerial imagery, as shown here in Harvey 

Cedars, NJ, immediately following Hurricane Sandy, when two bulldozers are visible 

actively scraping the beach.  The locations of beach scraping known to have modified sandy 

beach habitat from November 2012 through December 2015 were delineated with thick 

blue lines in a Google Earth data layer. 

 

 

 



 15 

Sand Fencing 

 

The locations of all sand fencing visible on imagery taken at any point during the three years 

after Hurricane Sandy, from November 2012 through December 2015, were identified using high 

resolution imagery available in Google Earth.  Visible sand fencing may have been installed 

during those three years or may have been installed prior to Hurricane Sandy and was still 

present and identifiable in imagery from 2013 through 2015.  Some sand, or snow, fencing may 

be installed and removed seasonally, while other sections of fencing may remain permanently 

and become buried in sand and vegetation.  By zooming in to an eye elevation of 500 ft (152 m) 

or less, sand fencing is visible in high resolution imagery within Google Earth.  The location of 

visible sand fencing was digitized using a heads-up approach in Google Earth, creating a data 

layer with contiguous sections of fencing delineated with thin, royal blue lines (Figures 6 and 7).   

 

The digitized fencing lines were delineated based upon the style and orientation of the fencing.  

Where sand fencing was present in a solitary line, the line of fencing was traced (Figure 6A).  

When fencing was installed in a zigzag pattern or series of parallel rows, the centerline of the 

row of sand fencing was marked (Figure 6B).  In locations where multiple rows of sand fencing 

were present, the longest contiguous section of fencing was delineated (Figure 7A).  Adjacent 

lines of sand fencing were delineated as contiguous sections when no large gaps were present 

between the adjacent lines.  That is, if only a narrow gap separated the two adjacent sections so 

private property owners could access the beach, the two sections were delineated as one 

contiguous line.  Older sand fencing that was still visible within a vegetated dune system at the 

back of the beach was included if it was readily visible and identifiable because the fencing had 

modified the beach habitat by creating dunes in an artificially determined location and 

orientation; as long as the fencing was still visibly present, it was assumed that the fencing 

continued to modify the beach and its associated dune system.   

 

The length of sand fencing was calculated by measuring the length of sandy beach modified by 

each contiguous section of sand fencing.  This measurement did not measure the linear length of 

the fencing itself, but rather the linear length of sandy beach habitat modified by each section of 

fencing.  These measurements were calculated by using the ñrulerò or the ñpathò tool within 

Google Earth and were measured on a line parallel to the beachôs orientation (and the beach 

segment lines previously delineated).  Where sand fencing was orientated perpendicular to the 

beach (Figure 7B), most often at property boundaries but also at beach access pathways, a 

minimum length of sandy beach habitat modified by that sand fence was considered 10 ft (3 m).  

Where rows of sand fencing overlap, the total length of beach modified by the sand fencing was 

counted without overlaps.  Each sand fencing line segment was labelled with the communityôs 

name and then a number representing the geographic order within that community, from north to 

south or east to west.  For example, ñOcean City fence 19ò is the 19th contiguous section of sand 

fencing in Ocean City, Maryland (MD), from north to south. 
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Figure 6.  Sand fencing present on sandy beach habitat between November 2012 and 

December 2015 was identified and delineated in a Google Earth data layer, using thin royal 

blue lines to delineate each contiguous section of sand fencing.  (6A) Where sand fencing 

was present in a solitary line, the line of fencing was traced.  (6B) When fencing was 

installed in a zigzag pattern or series of parallel rows, the centerline of the sand fencing 

installation was traced. 

 

 




























































































































































































































































































































































































































































































































































