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Executive Summary
Following a review of Vital Signs – indicators of ecosystem health – in the coastal parks of the
Northeast Coastal and Barrier Network (NCBN), knowledge of shoreline change was ranked as the
top variable for monitoring. Shoreline change is a basic element in the management of any coastal
system because it contributes to the understanding of the functioning of the natural resources and to
the administration of the cultural resources within the parks. Collection of information on the vectors
of change relies on the establishment of a rigorous system of protocols to monitor elements of the
coastal geomorphology that are guided by three basic principles: 1) all of the elements in the
protocols are to be based on scientific principles; 2) the products of the monitoring must relate to
issues of importance to park management; and 3) the application of the protocols must be capable of
implementation at the local level within the NCBN.
Changes in ocean shoreline position are recognized as interacting with many other elements of the
Ocean Beach-Dune Ecosystem and are thus both driving and responding to the variety of natural and
cultural factors active at the coast at a variety of temporal and spatial scales. The direction and
magnitude of shoreline change can be monitored through the application of a protocol that tracks the
spatial position of the neap-tide, high tide swash line under well-defined conditions of temporal
sampling. Spring and fall surveys conducted in accordance with standard operating procedures will
generate consistent and comparable shoreline position data sets that can be incorporated within a data
matrix and subsequently analyzed for temporal and spatial variations.
The Ocean Shoreline Position Monitoring Protocol will be applied to six parks in the NCBN:
Assateague Island National Seashore, Cape Cod National Seashore, Fire Island National Seashore,
Gateway National Recreation Area, George Washington Birthplace National Monument, and
Sagamore Hill National Historic Site. Monitoring will be accomplished with a Global Positioning
System (GPS ) / Global Navigation Satellite System (GNSS) unit capable of sub-meter horizontal
accuracy that is usually mounted on an off-road vehicle and driven along the swash line. Under the
guidance of a set of Standard Operating Procedures (SOPs) (Psuty et al., 2022), the monitoring will
generate comparable data sets. The protocol will produce shoreline change metrics following the
methodology of the Digital Shoreline Analysis System developed by the United States Geological
Survey. Annual Data Summaries and Trend Reports will present and analyze the collected data sets.
All collected data will undergo rigorous quality-assurance and quality-control procedures and will be
archived at the offices of the NCBN. All monitoring products will be made available via the National
Park Service’s Integrated Resource Management Applications Portal.
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Background and Objectives
Introduction
A major issue in all coastal parks is the magnitude and rate of shoreline change. This condition
affects the quality of the natural and cultural resources as well as the general infrastructure present in
the coastal parks. It is among the most basic concerns of being at the shore. Bird (1985) indicates that
at least 70 % of the world’s sandy shorelines are eroding and the percentage is expected to increase
because of sea-level rise and sediment manipulation by human actions. Working Groups within the
Intergovernmental Panel on Climatic Change (IPCC) suggest that sea level will increase from 18 to
59 cm during the present century (IPCC, 2007) and that shoreline change will be an immediate
consequence of this inundation (Nicholls et al., 2007). The 2013 IPCC report updated this estimate,
with a projected sea level increase from 45 to 82 cm over this time period, highlighting the continued
relevancy of shoreline change (IPCC, 2013). Coastal geomorphological models exist that consider
the effects of sea-level rise on shoreline change and landform evolution (e.g., Nummedal et al., 1987;
Davidson-Arnott, 2005; FitzGerald, 2008). They are both a guide to the potential effects of
continuing global change and a plea to gather data appropriate to the testing and calibration of the
models. They are harbingers of the concern and interest in the quality of the coastal system, in the
shepherding of coastal resources, and in the data sets describing these resources.
As part of the congressionally-mandated Natural Resource Challenge, the National Park Service
(NPS) has created thirty-two monitoring Networks to ensure the systematic collection and use of
scientific data in managing the nation’s parks; within this structure, the Northeast Coastal and Barrier
Network (NCBN) is developing a series of scientific protocols to address a variety of natural
resource issues appropriate to coastal locations (NPS NCBN, 2003). This document represents the
first of several protocols for long-term geomorphological monitoring in the eight parks that comprise
the NPS NCBN (Figure 1). The initial protocol focuses on the collection and analysis of the ocean
shoreline position. Additional protocols address issues related to coastal topography (Psuty et al.,
2012; Psuty et al., 2018).
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Figure 1. Locations of the eight National Park Service units in the Inventory and Monitoring Program of
the Northeast Coastal and Barrier Network (Stevens et al., 2005).

Goal and Objective
A primary goal of the NCBN coastal geomorphological program is to provide information to park
managers and to improve the understanding of the dynamic nature of coastlines, including the
temporal and spatial patterns of change in NCBN parks, for use in management decisions and in
describing the condition of marine and coastal areas. The specific objective of this monitoring
protocol is to identify the seasonal, annual, and long-term trends and variability of shoreline position
in the network parks as part of the basis for understanding the coastal geomorphological system.
The NCBN coastal geomorphology program and its protocols are based upon three underlying
principles:
1. All protocols developed by the NCBN must have a scientific foundation. Collaboration with
the scientific community will ensure that all geomorphologic monitoring protocols are based
on well-established scientific principles of coastal characterization, processes, and response.
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Because coastal geomorphology is a complex subject, valid interpretation of the data will
require the active involvement of knowledgeable coastal scientists.
2. Data must address significant park management issues. Park managers and natural resource
staff were active participants in the planning and scoping process in the development phase
of the geomorphologic protocols. The objectives identified in this protocol reflect a
consensus of issues considered relevant at the park level. This protocol focuses on recording
and assembling the geomorphological dataset to enable better- informed management
decisions.
3. All protocols and their components must be feasible to implement at the network level.
Although the scientific and management value of the monitoring data were both critical
factors in determining which vital signs or indicators were selected for monitoring, the
practicality and feasibility of implementation across the NCBN were important as well.
Changes in ocean shoreline position in the NCBN parks were identified by coastal scientists and park
managers as geomorphologically significant, and the type of observational data that can easily be
assembled and quickly and effectively incorporated into park management operations. Among these
important considerations are:
•

Changes in shoreline position serve as a surrogate for sediment budget measurements.

•

Changes in shoreline position document the seasonal, annual, and long-term trends in beach
displacement.

•

Ocean position monitoring is compatible with the historical record and ongoing
measurement.

•

Ocean position monitoring is feasible to implement at the network level with existing
technology and equipment.

•

Ocean position data are readily used at the park level in various management applications.

The Ocean Shoreline Position Protocol includes a number of highly-detailed standard operating
procedures (SOPs) in a separate SOP Document (Psuty et al., 2022). They are intended to ensure the
consistency and repeatability essential to any long-term monitoring program. These SOPs will be
modified and revised as technology improves and better methods for monitoring coastal
geomorphological change are developed.
The Ocean Beach-Dune Ecosystem
The basis for the Ocean Shoreline Position Protocol is the beach-dune conceptual model (modified
from Roman and Barret, 1999) that relates the physical processes and cultural impacts (agents of
change) to the vectors of change (stressors) and to the responses of the coastal ecosystem (Figure 2).
Fundamental to the model is an awareness that the coastal system is dynamic and that it is interacting
at a variety of geographical and temporal scales. The model consists of an assemblage of natural and
cultural agents and processes that generate characteristics of the coastal landscape. As the relative
magnitude of the agents and processes vary, they cause alterations to the hydrology and sediment
budget and consequently to the landscape. Furthermore, there is a continuous interaction and
3

feedback amongst the evolving components that drive additional changes and alterations. A primary
manifestation of the alteration is a shift in shoreline position and modification of the beach-dune
topography. These coastal geomorphological changes result in an ecosystem response that
incorporates changes in the physical environment and in the community structure and function
(Figure 2).

Ocean Beach-Dune Ecosystem Model
Agents of Change
Natural Disturbance
Sea Level Rise
Sediment Supply
Wave Climate

Land Use
Shore Structures
Buildings/Infrastructure
Beach Nourishment
Dredging

Visitor and
Recreation Use
Soil Disturbance
Vegetation Disturbance

Stressors

Altered Hydrology
Nearshore Currents
Transport Vectors
Offshore Bathymetry

Altered Landscape
Inlet Formation
Inlet Migration
Offshore Topography
Overwash Topography
Shoreline Displacement
Dune Morphology

Altered Sediment
Budget
Sediment Supply
Sediment Pathways
Sources and Sinks

Ecosystem Response

Ecosystem
Structure
Changes

Physical
Environment
Changes

Ecosystem
Function
Changes

Species Composition
Species Abundance
Invasive Species
Expansion

Habitat Pattern
Water Quality
Soil Chemistry

Productivity
Nutrient Cycling
Energy Flow
Trophic Shifts

Figure 2. The Ocean Beach-Dune Ecosystem Model illustrates the relationships amongst the agents of
change, stressors, and ecosystem response (after Roman and Barrett, 1999).

The primary natural disturbances that drive coastal geomorphological change are sea level rise,
sediment supply, and wave climate. These natural factors influence coastal geomorphological
response at different temporal scales including individual events (storms), cyclic variations
(seasonal), and annual and multi-year (long-term) trends (Carter, 1988; Psuty and Ofiara, 2002). One
of the effects of the long-term trend of sea level rise is inland displacement of the shoreline. When
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coupled with erosion produced by a prevailing sediment deficit, the rate of inland shoreline
displacement is increased (National Research Council, 1987; Warrick, 1993). Whereas sea level rise
and sediment supply are the primary factors causing the change, wave climate is responsible for the
nearshore processes of waves and currents that steer the local sediment transport and interact with the
existing offshore topography to consequently control the site-specific shoreline configuration
(Trenhaile, 1997).
Local conditions such as the underlying geologic framework, bathymetry, offshore topography, and
sediment sources and sinks interact with the primary factors and the coastal processes to influence
the characteristics and the rates and direction of the coastal system alterations (Honeycutt and Krantz,
2003). In addition to natural causes, coastal changes are often accelerated by human perturbations
such as dredging and channel relocation, construction of groins and jetties, and beach and dune
manipulation (Nordstrom, 2000). These human influences can cause alterations to waves, currents,
and availability and mobility of sediment. The combinations of natural processes and anthropogenic
modifications interact to cause significant morphological change that leads to ecosystem response.
Coastal ecosystem response may consist of adjustments to resource patterns and dynamics, and may
eventually lead to the loss of fixed natural resources (Roman and Nordstrom, 1988). These responses
often elicit secondary changes in ecosystem structure or function. Structural changes in species
composition or competitive interactions generally reflect landscape-level alterations in the quantity
and quality of specific habitats. Similarly, functional changes in productivity or nutrient cycling may
occur as a product of storm events and the associated reduction in habitat complexity. More subtle
physical changes also include alterations in geo-chemical and hydrological conditions, such as
groundwater quality and quantity. The magnitude and scope of the resultant coastal ecosystem
response is complex, highly variable, and can often be cumulative. At the extreme, this includes the
alteration of habitats and of core ecosystem processes. For example, erosion of an existing shoreline
may create new aquatic habitat, or overwash fans may fill in a wetland environment to create new
terrestrial habitat.
The Process of Evaluating Vital Signs
Geomorphological change is important to the evolution of the coastal ecosystem, and in some cases,
when it affects natural and cultural resources, recreational features, and facilities or infrastructure, the
change presents complex challenges to park management. In order to address the full range of
scientific and management concerns, multiple scoping workshops were convened to identify issues of
general importance and to make specific recommendations for monitoring. Throughout the scoping
process, the lack of adequate data to track and respond to geomorphological change was consistently
identified as a high priority management issue.
Demonstrating the complexity of the coastal geomorphological process, twenty-nine potential
monitoring variables (vital signs) of geomorphological change were identified by the workshops
(NPS NCBN, 2003). Following the workshops, the number was reduced by combining similar
indicators and eliminating redundant items. The remaining fourteen vital signs were evaluated and
ranked for data value and feasibility of implementation at the network level (Table 1).
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Table 1. The fourteen Vital Signs identified during the Northeast Coastal and Barrier Network
Geomorphological Change Workshops; they are ranked for data value and feasibility of implementation at
the network level (NPS NCBN, 2003).
Geomorphological
Change

Vital Sign

Monitoring Methods

Feasibility

Data Value

Ocean Shoreline
Position

Ocean shoreline
position

1D & 2D GPS, 2D & 3D Survey,
Aerial Photography, LIDAR

High

High

Dune, beach, bluff,
bluff morphology

LIDAR, Aerial Photography, 2D &
3D Survey

High

High

Edge of vegetation

LIDAR, 1D, 2D GPS, Aerial
Photography

High

High

Landcover

LIDAR, 2D & 3D Survey

High

High

Overwash fans/flood
plains

LIDAR, 1D & 2D GPS, 2D & 3D
Survey, Aerial Photography

Medium

High

Shore type

Aerial Photography, 2D & 3D
GPS, 2D & 3D Survey

Medium

Medium

Locations of
structures and
disturbances

Aerial Photography, 1D & 2D
GPS, 2D & 3D Survey

Medium

High

Sediment quantity
Sediment size

Terrestrial & Marine Sediment
Samples

Medium

Medium

Geologic framework

Acoustic Survey, Seismic Survey,
Core Samples

Low

High

Depths

Acoustic Survey, Bathymetric
LIDAR, Sled Survey

Low

Medium

Migrating shoals &
bodies

Acoustic Survey, Bathymetric
LIDAR

Low

High

Tide range

Local & Regional Tide Gauge

High

High

Relative sea level
position

Water Level Gauge

High

High

Wave and current
characteristics

Local Gauge - Regional Gauge

Low

High

Coastal Topography

Anthropogenic
Modifications

Marine Geomorphology

Marine Hydrography

Ocean shoreline position and elements of the coastal topography were consistently identified as of
high information value and capable of monitoring with existing methods.
The Elements of Monitoring Ocean Shoreline Position
Monitoring Ocean Shoreline Position

Detailed knowledge of the hydrodynamic forcing of sediment mobilization, transport, and deposition,
and measurements of morphologic change and ecosystem response at the park level are key to
understanding the coastal geomorphology of NCBN parks (Allen, 2000). Although a number of these
geomorphological processes and responses are somewhat difficult to measure and monitor, there are
several, such as shoreline position, that have high value (Table 1), can be measured effectively, and
can be used to address park management issues.
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From a scientific perspective, shoreline position represents the morphological response of wave and
current processes acting upon sediment supply (Komar, 1998; Short, 1999). Understanding the
dynamics of changes in shoreline position over time, through standardized data collection, will
provide a scientific basis for informed resource management (National Research Council, 1995).
Additionally, historical shoreline position data exist for many of the NCBN parks, thereby providing
the opportunity for long-term comparison. The assemblage of reliable and consistent data enables
robust statistical analysis, yielding a better understanding of episodes, cycles, and trends (Colwell
and Thom, 1994; Dolan and Hayden, 1983; Graham et al., 2003).
Shoreline monitoring provides knowledge of the spatial and temporal variation in sediment transfers
and sediment budget and creates a fundamental database for use in park management. Collecting a
record of the changes in the shoreline position over time chronicles variation in sediment supply and
distribution, and may function as a surrogate for sediment budget (Allen et. al., 1995; Farris and List,
2007). The collection of the shoreline position twice a year, in the early spring (the fully developed
winter beach) and the early fall (the fully developed summer beach), leads to the accumulation of a
time series of seasonal shoreline positions that represent the annual theoretical maximum and
minimum configurations of the beach. Each annual pair of shorelines portrays the magnitude of
variation caused by the changes in the seasonal wave climate acting on the beach sediment supply.
Longer term comparisons of shoreline positions reveal changes created by differences in sediment
availability and intensity of formational processes. In addition, there are aspects of shoreline
variability, such as geotemporal trends and cycles, that can only be revealed through long-term data
collection.
The objective of the NCBN Ocean Shoreline Position Monitoring Protocol is to identify the seasonal,
annual, and long-term trends and variability of shoreline position in the NCBN parks. Meeting this
objective will address the following questions:
•

What is the displacement of the shoreline?

•

What are the seasonal dimensions of the displacement?

•

What are the annual dimensions of the displacement?

•

What are the long-term dimensions of the displacement?

•

What are the spatial and temporal trends in the shoreline displacement?

Accomplishing the objective of this protocol requires the following steps:
1. Standardization of the survey methodology.
2. Design and construction of the database.
3. Reporting of the assembled data.
1. Scientific analysis and interpretation.
Historical Development of Methods used for Monitoring Ocean Shoreline Position
Coastal mapping and the measuring of coastal features have utilized an evolving suite of data
collection methods (Boak and Turner, 2005). Early techniques in the United States involved the
7

Coast & Geodetic Survey conducting surveys of the coast beginning in the early 1800s. This method
was extremely labor intensive and the long time periods required to complete a survey proved to be
problematic in capturing anything resembling an instantaneous shoreline position. However, these
early efforts did result in systematically collected datasets that were suitable for general delineation
and comparison of coastal features, and they established general baselines in many coastal areas
(Graham et al., 2003).
The development of aerial photography in the early twentieth century created the opportunity for
rapid data collection and the extraction of multiple features from the images (Moore, 2000).
Comparison studies between ground surveys and aerial photography showed a general level of
compatibility between the data (Kraus and Rosati, 1997). The ability to capture large geographical
areas of the coast continues with space-based satellites. Satellite technology is becoming a viable
option for many coastal data acquisition purposes. The NCBN continues to study and evaluate viable
methods for utilizing satellite imagery for coastal mapping.
The last twenty years have seen a revolution in mapping sciences in general and coastal mapping
sciences in particular. The development of Geographic Information Systems (GIS) allows the
simultaneous display, manipulation, and analysis of multiple datasets. In the 1980s and 1990s, GIS
technology was augmented by the increased availability of the US satellite-based Global Positioning
System (GPS), creating the opportunity for more efficient, frequent, and precise measures of
geomorphological features. Since then, a number of additional Global Navigation Satellite Systems
(GNSS), such as the Russian GLONASS, have joined GPS and greatly increased the data-collection
efficiency and attainable horizontal accuracy of such data collection equipment. Modern GNSS
survey techniques can routinely produce topographical portrayals with sub-meter accuracy (PardoPascual et al., 2005), with some survey-grade systems allowing for accuracies on the order of several
centimeters. Together, these technologies have greatly increased the capacity for updating, analyzing,
and reporting changes in coastal conditions.
The revolution in coastal mapping continued into the 1990s when LiDAR (Light Detection And
Ranging) technology was applied to the coastal zone (Krabill et al., 2000). The airborne laser
mapping system can deliver high-resolution measurements of the entire non-vegetated beach and
dune system and use the three-dimensional data to extract a variety of coastal features, including
shoreline position. LiDAR technology has evolved rapidly and systems now exist that can penetrate
sparse to moderate vegetation (Wright and Brock, 2002) and some shallow waters to provide detailed
topography and bathymetry over large segments of coastal systems.
NPS geomorphological monitoring has generally mirrored the developments in the coastal sciences
(Allen and LaBash, 1997). In some cases, the NPS has played a major role in the development of
modern, technology-based data acquisition efforts (Brock et al., 2001). NCBN parks were early users
of GPS shoreline surveys and a park-focused NASA research experiment in the mid-1990s was one
of the earliest cases of LiDAR technology applied to beach mapping.
Currently, there are a variety of independent data collection activities underway in individual NCBN
parks. At present, none of these efforts meets the rigorous data collection and data management
8

standards established by the service-wide Inventory and Monitoring Program. However, many of the
concepts, methods, and techniques used in individual park programs are applicable to NCBN-wide
long-term monitoring. By providing a consistent and systematic framework for collection, analysis,
and reporting, the NCBN will utilize this collective knowledge and experience from existing park
programs to build a long-term, NCBN monitoring program.
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Sampling Design
Selecting the Ocean Shoreline Feature and Measurement
The shoreline represents the intersection between water and land surfaces. The location of the ocean
shoreline intercept on the beach-dune profile (Figure 3) or at a bluff profile (Figure 4) varies due to
the effects of tides, waves, and atmospheric conditions. Further, shorelines may be delineated based
on a datum intercept, or identification of some morphological feature, or some visual characteristic.
Multiple conventions, definitions, and terms are used to describe the various positions of the
intercept. Datum shorelines such as mean high water (MHW) are quantitative and use a calculated
identification of an exact elevation to extract the intercept (Parker, 2003; Pajak and Letherman,
2002), whereas morphological features such as berm crest or bluff base or visual features such as the
high water mark, high-tide swash line, or water’s edge are typically qualitative and are based on a
visual interpretation (Figures 5-7). Any of these quantitative or qualitative features may be used to
represent a shoreline position under specific circumstances.

Figure 3. The relationship of the various topographical features of the beach-dune profile to the positions
of water level and vertical datums (top): mean higher high water; mean high water; North American
Vertical Datum 1988; mean sea level; National Geodetic Vertical Datum 1929; mean low water; and mean
lower low water(bottom).
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n
Figure 4. The bluff coast profile may entail variations in beach face that affect the position of the swash
line depicted in a) the relationship of a fully developed beach face on a bluff profile to the positions of
water level and vertical datums: mean higher high water; mean high water; North American Vertical
Datum 1988; mean sea level; National Geodetic Vertical Datum 1929; mean low water; and mean lower
low water; b) a bluff profile with a narrow beach face where the neap high tide swash line is against the
bluff base; and c) a bluff profile with a beach face of sufficient width to accommodate a neap high tide
swash line.
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Figure 5. The recent high-tide swash line (red dashed line) on the beach face on a beach-dune coast.

Figure 6. The recent high-tide swash line (red dashed line) on the beach face on a bluff coast.
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Figure 7. The recent high-tide swash line (red dashed line) on the bluff face with a narrow beach face at
George Washington Birthplace National Monument. The shoreline position is recorded at the base of the
bluff, indicated by the yellow dashed line (photo by Dennis Skidds, April 4, 2017).

Datum-based derivations such as calculated water levels (mean sea level, mean high water, etc.) or
national datums (North American Vertical Datum of 1988, or National Geodetic Vertical Datum of
1929) are precise measures of shoreline position based on a specific vertical elevation (shown in
combination on Figures 3 and 4). However, the present-day needs across the NCBN to support data
collection necessary to extract this feature at the geotemporal scale required to identify seasonal and
episodic variability cause this approach to be impractical.
On the other hand, although qualitative shorelines are less precise, their derivation is feasible for use
in a long-term, NCBN-wide monitoring program (Pajak and Leatherman, 2002). Further, with the
application of a standardized and repetitive means for shoreline identification and recording, a very
good comparative shoreline position can be attained. Among the qualitative features described above,
the neap high-tide swash line is consistently available, least variable, readily identified, and easily
collected; and thus, it is selected as the indicator of ocean shoreline position in this protocol (Figures
5 and 6). In the context of the NPS NCBN monitoring program, a systematically planned and
executed survey utilizing the high-tide swash line as ocean shoreline position is well suited to the
needs, resources, and capabilities of the program.
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Properly planned and executed GPS/GNSS surveys can provide sufficient data to monitor the longterm trends and variability in shoreline position. Further, the timing of the survey can be adjusted for
local tides and weather conditions, making GPS/GNSS surveys comparable and more convenient
than many other established methods of shoreline mapping.
Because the shoreline is feature-based and there is some variation in both the natural creation of the
swash line on the beach face and the interpretation of the position of the swash line, there is a
measure of uncertainty associated with the surveyed shoreline. There are four contributors to
uncertainty. Their character and dimension are: 1) GPS/GNSS accuracy (0.5 m variation); 2)
elevation in wave runup to create the neap high-tide swash line (3 m variation); 3) elevation of high
tide water level on the beach face (1 m variation); and 4) the operator’s tracking and interpretation of
the neap high-tide swash line (0.5 m variation). Together, these contributors create an uncertainty in
position of as much as ±5 m. Therefore, any surveyed shoreline has an intrinsic uncertainty of ±5 m
and any comparison between two survey lines has an uncertainty of ±7 m at the shoreline. Many of
the variables are reduced along bay shorelines because of lower wave runup and lower tidal range.
Their combined uncertainty on the bayside is on the order of ±2 m and the comparison of two lines
has an uncertainty of about ±3 m. Small differences in tidal elevation result in little additional
uncertainty, whereas large differences in tidal elevation can displace the specific swash line
comparison by several meters and increase the uncertainty for that specific comparison. However,
using the position of neap-tide (as described in SOP 5: Conducting the GPS/GNSS Ocean Shoreline
Position Survey) reduces variation in water level and provides for the lowest uncertainty in
comparisons of shoreline position to be made on both a seasonal and longer-term basis.
Geographical Extent of the Surveys
In order to determine shoreline displacement and alongshore variability, the survey will encompass
the entire length of the beach at six of the NCBN’s parks: Assateague Island National Seashore
(ASIS), Cape Cod National Seashore (CACO), Fire Island National Seashore (FIIS), Gateway
National Recreation Area (GATE), George Washington Birthplace National Monument (GEWA),
and Sagamore Hill National Historic Site (SAHI). The extent of each survey varies by park, and may
encompass oceanside and bayside shorelines, as well as estuarine shorelines (as in GEWA). All of
the spatial data will be recorded in Universal Transverse Mercator (UTM) coordinates, North
American Datum of 1983 Realization 2011 (NAD83 2011, Epoch 2010.00); Assateague, Fire Island,
Gateway, George Washington Birthplace, and Sagamore Hill are in UTM Zone 18 North, whereas
Cape Cod is in UTM Zone 19 North.
Assateague Island National Seashore (ASIS)

The ASIS shoreline (Figure 8) extends for approximately 63 km of ocean beach from Ocean City
Inlet, MD to Toms Cove Hook, VA. The northern terminus of the shoreline is at the jetty at Ocean
City Inlet, MD (Figure 9). There is one transition area from ocean to bay at the south end of the
survey, at Toms Cove Hook, VA (Figure 10). This transition area continues the shoreline around the
end of the hook and terminates on the bayside where there is a distinct orientation change of the
shoreline and a reduction of wave and current energies.
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Figure 8. Spatial extent of GNSS/GPS data collection of the Assateague Island National Seashore
(ASIS) shoreline. Image from NPS ASIS.
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Figure 9. Spatial extent of GNSS/GPS data collection of the Assateague Island National Seashore
(ASIS) shoreline terminating in the north at the Ocean City Jetty. Image from NPS ASIS.

Figure 10. Spatial extent of GNSS/GPS data collection of the ASIS transition zone at Toms Cove Hook,
VA. Image from NPS ASIS.
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Cape Cod National Seashore (CACO)

The CACO shoreline extends for approximately 87 km of ocean beach from Race Point at the north
to the southern end of Nauset Beach (Figure 11). There are a number of inlets along the shoreline
(Figure 12). The survey will extend into the bayside (beyond the initial orientation change) to track
changes in inlet position as the spits migrate. Both termini incorporate hook-like appendages; the
survey will extend to beyond their distal limits to record shifts and extensions.

Figure 11. Spatial extent of GNSS/GPS data collection of the Cape Cod National Seashore (CACO)
shoreline. Image from NPS NCBN.
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Figure 12. Example of the spatial extent of GNSS/GPS data collection at an inlet in Cape Cod National
Seashore (CACO). Image from NPS NCBN.

Fire Island National Seashore (FIIS)

The FIIS shoreline extends for approximately 51 km of ocean beach from Democrat Point to
Moriches Inlet (Figure 13. There are jetty structures at both termini of the island. The western
transition area is the expanding spit beyond the Fire Island Inlet jetty at the transition from ocean to
bay processes (Figure 14). The eastern margin is at the Moriches Inlet jetty (Figure 15).
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Figure 13. Spatial extent of GNSS/GPS data collection of the Fire Island National Seashore (FIIS)
shoreline. Image from NPS FIIS.
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Figure 14. Spatial extent of GNSS/GPS data collection of the Fire Island National Seashore (FIIS)
shoreline terminating in the east at the Fire Island Inlet jetty. Image from NPS FIIS.

Figure 15. Spatial extent of GNSS/GPS data collection of the Fire Island National Seashore (FIIS)
shoreline terminating in the west at the Moriches Inlet jetty. Image from NPS FIIS.

Gateway National Recreation Area – Sandy Hook Unit (GATE-SHU)

The GATE-Sandy Hook shoreline extends for approximately 11 km of ocean beach from the
southern boundary with the township of Sea Bright, NJ to the US Coast Guard property in the north
(Figure 16). At the northern terminus, the monitoring will extend into Sandy Hook Bay to record the
elongation of Sandy Hook bayward.
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Figure 16. Spatial extent of GNSS/GPS data collection of the Gateway National Recreation Area (GATE)
- Sandy Hook shoreline. Image from NPS-GATE.
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Gateway National Recreation Area – Breezy Point (GATE-BP)

The GATE-Breezy Point shoreline consists of both oceanside and bayside sections. The oceanside
section consists of approximately 3.5 km of ocean beach at Breezy Point and 4 km of ocean beach at
Jacob Riis Park, extending from a groin at the eastern end of Jacob Riis Park to the Breezy Point
jetty. The bayside section extends for approximately 5.3 km, from the Breezy Point jetty to a stone
groin between Fort Tilden and Roxbury (Figure 17).

Figure 17. Spatial extent of GNSS/GPS data collection of the Gateway National Recreation Area (GATE)
- Breezy Point shoreline. Orthoimagery from the New York State (NYS) Office of Information Technology
Services GIS Program Office’s Digital Ortho-imagery Program (NYSDOP, 2018).

Gateway National Recreation Area – Plumb Beach (GATE-PB)

The GATE-Plumb Beach Park is located inland of Rockaway Inlet and, therefore, is not a typical
ocean shoreline. Nonetheless, the characteristics of the shoreline at Plumb Beach are similar to those
of an ocean shoreline and are being subjected to the same kind of seasonal geomorphological
response. The shoreline extends approximately 1.6 km between an artificial shore-perpendicular
structure to the west, and a natural channel to the east (Figure 18). The survey will extend farther east
to incorporate the spit that has been accreting over a marsh area.
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Figure 18. Spatial extent of GNSS/GPS data collection of the Gateway National Recreation Area (GATE)
- Plumb Beach shoreline (NYSDOP, 2018).

Gateway National Recreation Area – Staten Island Unit (GATE-SIU)

The GATE-Staten Island shoreline is approximately 4 km of beach at Great Kills, approximately 0.5
km of beach at Miller Field, and approximately 1.0 km of beach at Fort Wadsworth (Figure 19). At
Great Kills, the survey extent is bounded by the bulkhead at the boat basin on the westernmost end
and by a stone groin at the eastern end. The Miller Field survey is bounded on either end by stone
groins. At Fort Wadsworth, the survey is bounded by a groin at the southwestern margin and a jetty
on the northeastern terminus. Between these park sections are jurisdictional transition areas on
privately-owned and New York City properties.
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Figure 19. Spatial extent of GNSS/GPS data collection of the Gateway National Recreation Area (GATE)
- Staten Island shoreline. Image from NPS-GATE.

George Washington Birthplace National Monument (GEWA)

The GEWA estuarine shoreline extends about 2.9 km along the southern banks of the Potomac River
(Figure 20). The shoreline consists of low elevation sandy beaches as well as both low and high
bluffs with variable amounts of sand accumulation forming narrow beaches at their base. A tidal
25

channel, Popes Creek, borders the site to the east and Bridges Creek marks the westernmost limit of
the shoreline. At the eastern terminus of the site, a highly dynamic spit presents a complex
monitoring situation due to the continual extension and breaching of its distal end.

Figure 20. Spatial extent of GNSS/GPS shoreline data collection at George Washington Birthplace
National Monument (GEWA). Orthoimagery from the National Agriculture Imagery Program (USDA-FSAAPFO, 2016).

Sagamore Hill National Historic Site (SAHI)

The SAHI shoreline is located on the Cove Neck Peninsula that projects into Cold Spring Harbor
(Figure 21). Approximately 0.3 km alongshore, the site consists of a low bluff cut into glacial ground
moraine fronted by a tidal wetland and narrow migrating sandy spit. The northern limit of monitoring
is marked by the SAHI park boundary, whereas the southern limit is delineated by Eel Creek. The
southern terminus of the migrating spit is a particularly dynamic portion of the shoreline.
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Figure 21. Spatial extent of GNSS/GPS shoreline data collection at Sagamore Hill National Historic Site
(SAHI). Orthoimagery source: (USGS, 2013).

Survey Frequency and Timing
Weather induced changes in wave climate produce a distinct seasonal response in the shoreline
position (List and Farris, 1999). These locational responses typically reach their peak expression
around the end of the winter and end of the summer seasons. In order to track this seasonal variation,
shoreline surveys will be conducted on a twice per year basis and timed to capture the general
occurrence of the maximum seasonal (winter/summer) state. Attention should be given to local
weather conditions so as not to perform the seasonal survey within one week of a storm event (SOP
3: Survey Timing and GPS/GNSS Mission Planning).
The shoreline survey should also be conducted when minimum satellite availability and satellite
geometry specifications are met (SOP 5: Conducting the GPS/GNSS Ocean Shoreline Position
Survey). In addition, there may be park specific issues such as the presence of species of concern or
public activities that constrain the conducting of the shoreline survey. Managers of the park and
adjacent lands that will be surveyed or crossed should always be consulted in advance when planning
the survey. Details for timing and mission planning are provided in SOP 3: Survey Timing and
GPS/GNSS Mission Planning.
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As stated above, storm-affected beaches should be avoided when conducting the seasonal shoreline
survey (Morton and Sallenger, 2003). However, storm-response shorelines provide important
measures of short-term variation and can be of great value to both park managers and coastal
scientists. The protocol described here can also be applied to the storm-altered shoreline to derive
supplemental measures of change. Pre-and-post-storm shoreline position surveys should be
considered whenever possible. Because numerous storms of varying intensity and duration are
expected to affect a given park in a typical year, the decision of when to conduct these additional
surveys is problematic. Further discussion on storm events can be found in both SOP 3: Survey
Timing and GPS/GNSS Mission Planning as well as SOP 7: Change Calculation and Data Analysis.
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Field Methods
Field Season Preparations and Mission Planning
Prior to the survey window, the entire protocol should be reviewed by the NCBN geomorphological
monitoring Protocol Lead, the designated Field Technician at each park, and any park or NCBN staff
or cooperators who will collect, process, or otherwise handle the shoreline data. Immediately
following the protocol review, mission planning for tides and satellite availability and satellite
geometry should be initiated (SOP 3: Survey Timing and GPS/GNSS Mission Planning). Field
equipment should be checked (SOP 1: Equipment and Supplies). Two of the determining factors for
the timing of the survey are tide situation and satellite availability. Both tide situation and satellite
availability should be analyzed and a list of potential survey dates and times established and
prioritized (SOP 3: Survey Timing and GPS/GNSS Mission Planning). As the survey window
approaches, extended weather forecasts should be obtained and analyzed so that storm conditions can
be avoided (SOP 3: Survey Timing and GPS/GNSS Mission Planning). It is strongly recommended
that a trial survey be conducted to familiarize a first-time field technician with the visual expression
of the high tide swash line. A limited pre-survey test run is sufficient.
Conducting the GPS/GNSS Ocean Shoreline Position Survey
The survey is designed to capture as closely as possible the position of the high-tide swash line
during the period of neap tides (Figure 22). Surveys along the shoreline are accomplished by driving
a four-wheel-drive off-road vehicle (ORV) along the high tide swash line. For the purposes of this
monitoring program, the target shoreline is represented as the position of the most recent and highest
swash line (SOP 5: Conducting the GPS/GNSS Ocean Shoreline Position Survey). The GPS/GNSS
receiver is configured to record positions at a very short spatial interval for the best representation of
the shoreline position (SOP 4: Basic GPS/GNSS Requirements for Ocean Shoreline Position Data
Collection). The ORV should be driven so that the position of the antenna is located over the swash
line. At least two survey monuments or some other marker with known coordinates should be
included pre- and post-survey for general accuracy assessment. Additional details are included in
SOP 5: Conducting the GPS/GNSS Ocean Shoreline Position Survey.
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Figure 22. The high-tide swash line is clearly identified as a wet/dry line.

Post-survey Data Download and Initial QA/QC
Immediately upon completion of the survey and return to the office, the GPS/GNSS data file will be
downloaded from the receiver to a computer hard-drive and a backup copy created (SOP 6: Initial
Post-Survey Processing). The data should be retained on the datalogger until quality checks can be
made. The downloaded data should be visually checked for general spatial integrity, file attributes
reviewed for field notations, and accuracy-assessment point features compared to known coordinates.
The Field Data Form (FDF) should be completed and reviewed (SOP 5: Conducting the GPS/GNSS
Ocean Shoreline Position Survey). Following all of the quality control procedures, the final shoreline
data set will be sent to the NCBN Data Manager.
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Data Management
The NCBN Ocean Shoreline Position Monitoring Protocol generates a variety of data products that
will be archived and/or referenced in a central Microsoft Access database that is overseen and
controlled by the NCBN Data Manager.
Field Data Form (FDF)
To ensure that datasets remain as complete, accurate, and up-to-date as possible, it is imperative that
all field data are recorded on the appropriate FDF during each sampling event (refer to SOP 5:
Conducting the GPS/GNSS Ocean Shoreline Position Survey). The FDF contains sections that
capture important data that should be entered before (e.g., date of last storm event), during (e.g., field
technician’s name), and after a survey event (e.g., the name of any data correction sources used). Any
edits, changes, or corrections to the data are noted on the field sheet and include the date and initials
of the person making the change.
Data Entry and Verification
The NCBN Ocean Shoreline Position Monitoring Database consists of a SQL Server back-end that
stores and archives the data and associated files (e.g., digital field data forms, raw data files), and a
web-based front-end for data entry and reporting. Data are entered into the database as soon as
possible after returning from the field (SOP 6: Initial Post-Survey Processing). The database has been
designed to reduce errors associated with data entry by using features such as drop-down lists and
acceptable value ranges to reduce errors due to spelling, etc. It is the responsibility of the NCBN
Data Manager(s) and Protocol Lead(s) to ensure that individuals responsible for data entry have been
properly trained to use the database. Data entry is verified by staff other than the person entering the
data (this can be done by field technicians) by comparing the entered data against the original field
sheets. Errors are marked and corrected as soon as possible.
Data Archiving
At the end of the field season, electronic scans (.PDF) of all FDFs are archived as described in SOP
9: Data Management. A copy of the NCBN Ocean Shoreline Position Monitoring Database is
archived annually, and all certified data are posted on the Integrated Resource Management
Applications (IRMA). Complete documentation of changes to the Protocol and SOP documents, and
a library of previous Protocol and SOP versions are essential for maintaining consistency in data
collection and for appropriate treatment of the data during data summary and analysis. The MS
Access database for each monitoring component contains a field that identifies which version of the
Protocol and SOP document was being used when the data were collected.
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Change Calculation, Data Analysis, and Reporting
Generation of Changes in Ocean Shoreline Position
The comparison of GPS/GNSS ocean shoreline positions and the quantification of their differences
require that each GPS/GNSS shoreline survey produces a continuous line feature from which
distances to a pre-established baseline are measured. SOP 7: Change Calculation and Data Analysis
describes how a baseline is created and explains how shoreline change is calculated using the Digital
Shoreline Analysis System (DSAS) (Thieler et al., 2009). DSAS is the recommended tool for
transforming the surveyed shoreline into a data matrix of distance measurements from which
temporal and spatial changes are determined. Creation of the data matrix provides the basis to
characterize the dimensional changes of the entire park’s shoreline as well as subsets of the park (i.e.,
areas of special interest).
Data Analysis and Reports
An analysis of the change of ocean shoreline position will consist of the production of a suite of
summary statistics that will describe the dimensions of the change, such as mean value and standard
deviation. It will also identify the spatial distribution of the changes as a means to highlight locations
of greater or lesser mobility. Annual data summaries will be produced to describe the seasonal
changes as well as the year-to-year variations (SOP 7: Change Calculation and Data Analysis).
Longer-term reports will be produced at five-year intervals to look at trends in temporal and spatial
changes over the course of the entire, cumulative monitoring dataset. These reports will cover the
general shoreline of the park, as well as areas of special interest (SOP 8: Ocean Shoreline Position
Reporting).
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Personnel Requirements and Training
Roles and Responsibilities
The NCBN is responsible for the development and implementation of the protocol and will assign a
Protocol Lead. The NCBN Protocol Lead is responsible for coordinating protocol development as
well as developing an implementation plan and schedule that is suited to the needs of the individual
NCBN parks. The Protocol Lead will work closely with NCBN parks and their designated
cooperators to develop and implement this protocol.
The Ocean Shoreline Position Protocol is designed to utilize park staff for field data collection when
practical. The data collection is improved through the use of personnel who have a basic
understanding and working knowledge of the park and its resources. Because of their familiarity with
its appearance, park staff are much better suited to perform periodic observations of the beach. Their
participation will thus greatly enhance accurate and consistent identification of the shoreline feature.
The use of local staff also limits or prevents the problem of schedule overlap - where NCBN staff
and cooperators might be expected to work in multiple parks at or around the same time.
Inconsistencies inherent to qualitative (visual) identification of the shoreline are reduced when the
number of field technicians is limited. Because it is a qualitative feature, no two field technicians will
see or drive exactly the same shoreline. Spatial variability due to field technicians interpretation must
be recognized and acknowledged. However, because an objective of the protocol is the establishment
of long-term trends, it is likely that the minor inconsistencies introduced through the use of multiple
field technician will not seriously affect the value of the data. Nonetheless, consistent feature
identification and measurement is important and assignment of data collection to a single or small
number of network-trained field technician is highly recommended.
The data management aspect of the monitoring effort is the shared responsibility of the Field
Technician, the park and NCBN Data Managers, and the NCBN Protocol Lead. The field technician
is responsible for field data collection, initial data download, and initial QA/QC, as well as providing
information essential to the metadata file. The field technician should work closely with NCBN
and/or park GIS specialist for additional post-processing, differential correction, data verification and
data validation, preliminary data editing, and export to the designated GIS format. The NCBN
Protocol Lead in conjunction with the network Data Manager is responsible for data documentation
(metadata creation), data summary, and basic analysis and reporting. Ultimately, the Protocol Lead
has the responsibility to see that adequate QA/QC procedures are built into the database management
system and that appropriate data handling procedures are followed.
Qualifications and Training
An essential component in the collection of shoreline data are knowledgeable, competent, and
attentive field technicians. Because visual interpretation of the shoreline is the essential element of
the protocol, the ability of the field technicians to consistently identify the target feature is critical to
accurate data collection. The field technicians should have:
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•

A basic understanding of coastal and shoreline processes, familiarity with the resource and
appearance of the shoreline expression on the local beach, and

•

Competence and experience in the operation of all equipment being used in the survey.

The Protocol Lead needs to be knowledgeable in the data gathering methodology and is responsible
for developing and delivering a training program to provide a scientific and technical foundation for
consistent and accurate data collection by properly trained personnel at the park level.
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Operational Requirements
Annual Workload and Field Schedule
GPS/GNSS surveys will be conducted in early spring (mid-March to late April) and early fall (midSeptember to late October), a period that coincides with the peak expression of seasonal beach
variability in the NCBN parks. Extreme tide and weather events will preclude the scheduling of
surveys to specific annual dates. Shoreline surveys generally require one person, although the survey
could benefit from the use of one or more additional staff if qualified persons and the necessary
supplemental equipment were available. Due to areas where dangerous terrain is present (e.g., below
overhanging bluffs, atop steep bluffs), two field technicians must be present in the field together for
safety reasons (see the NCBN Coastal Geomorphological Monitoring Program Safety Plan). Due to
the different lengths of shoreline in NCBN parks, time required for data collection will vary. In
general, approximately one to five days should be allocated to complete all requirements of each
field survey.
Facility and Equipment Needs
The equipment needed for the field survey consists of a four-wheel-drive vehicle (ORV is
recommended), appropriate safety gear such as helmets, goggles, and gloves, and a “mapping-grade”
GPS/GNSS receiver capable of collecting features with sub-meter horizontal accuracy (e.g., Trimble
Geo Series or equivalent). If more than two field technicians work simultaneously, field equipment
requirements will increase accordingly. Should a park lack the proper equipment, the NCBN will
attempt to arrange access to the items necessary to conduct the survey.
A computer and peripheral devices with appropriate ports, cables, and GPS/GNSS data processing
software (e.g., Trimble Business Center or Pathfinder Office) for download, initial QA/QC, and
export to ESRI GIS formats are required to complete the initial tasks. The data analysis component of
the protocol requires ESRI ArcGIS or other GIS software capable of running the DSAS add-on.
Office computing needs and other equipment items are detailed in SOP 1: Equipment and Supplies.
Startup Costs and Budget
Startup costs per park include the purchase of an ORV (where necessary), a sub-meter GPS/GNSS
receiver, and if the survey is planned and executed locally, the field technician’s time (Table 2). If
NCBN staff or their partners are required to perform the survey, staff time plus travel expenses must
be included in the costs. Equipment consists of a sub-meter GPS/GNSS receiver, an ORV, and a
computer running the applicable GPS/GNSS and GIS software. Gasoline for survey vehicles, media
for backup of data, and other such costs are considered minimal and incidental.
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Table 2. Northeast Coastal and Barrier Network data collection cost estimates (US$, 2022).
Item/Activity
ORVs (4) A
GPS/GNSS (5)
Personnel

B

C

Computer (5) with GIS
Total

D

1st Year
Cost

5 Year
Total Cost

Annual
Cost

Annual Cost
per Park

Per Survey
Cost

26,000

26,000

5,200

1,300

650

50,000

50,000

10,000

1,700

850

7,000

35,000

7,000

1,200

600

15,000

15,000

3,000

500

250

98,000

126,000

25,200

4,700

2,350

1 ORV for each ocean park (Assateague Island National Seashore, Cape Cod National Seashore, Fire Island
National Seashore, Gateway National Recreation Area)

A

1 GPS/GNSS receiver per ocean park and 1 shared for George Washington Birthplace National Monument,
Sagamore Hill National Historic Site
B

C

Based on 275 hours/year (park requirements range from 16 – 80 hours/year) at GS9 pay scale

1 Computer per ocean park and 1 shared for George Washington Birthplace National Monument, Sagamore
Hill National Historic Site

D
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Procedure for Revising of Protocol
Following operational and science reviews, revisions to both the Protocol and associated Standard
Operating Procedures (SOP) are to be expected. The rationale for having two separate documents,
the Protocol, or general protocol overview document, and one SOP document, that includes all
procedural guidelines is that the Protocol document is provides general overview that gives the
history and justification for doing the work and an overview of the sampling methods, but it does not
provide all of the procedural details. This document is only revised if major procedural changes are
made that affect the data and data analysis. The SOP document, in contrast, are very specific step-bystep instructions for performing a given task, and are expected to be revised more frequently due to
equipment modifications, etc. When procedures are revised, in most cases, it is not necessary to
revise the entire Protocol to reflect the specific changes made, but rather just the SOP document.
For details on versioning procedures, once revisions are made, see SOP 11: Protocol and SOP
Versioning.
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Protocol Revision History Log
The following table lists all changes that have been made to this document since the original
publication date. Versioning guidelines can be found in the separate Standard Operating Procedure
(SOP) document associated with this document. For complete instructions, please refer to SOP 11:
Protocol and SOP Versioning. Add more rows to the table below as needed.
Author
(full name, title,
affiliation)

Location in Document
and Description of
Change

Reason for Change

4/12/2013

Dennis Skidds, NCBN
Data Manager

NA

Initial Protocol

3/1/2022

Glenn Liu, Geoscientist-inthe-Parks (GIP), Rutgers

Protocol
Version #

Revision
Date

1.0

2.0

Updated figures and text
throughout the Protocol
Added details to
description of uncertainty
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Full Protocol update
prescribed by Technical
Steering Committee
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