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Abstract 

Barrier islands are extremely dynamic landforms, and one of the most dynamic 

aspects of a barrier island is the beach. In an effort to document change in these 

environments, the National Park Service (NPS) Inventory & Monitoring Program 

Northeast Coastal & Barrier Network (NCBN) have established a set of coastal 

geomorphology protocols to collect ecological indicator datasets. Two of the most 

important and readily available sources of data within these protocols are horizontal 

shoreline locations collected by global positioning systems (GPS), and general beach 

topography collected by lidar topographic surveys. There are several methods used to 

quantify the amount of change between these datasets. Shoreline change analysis, or 

measuring the amount of change in shoreline position over time, is a common application 

of coastal geomorphology data One of the most valuable opportunities provided by lidar 

surveys is the examination of overall beach topography in an accurate, efficient, and 

spatially dense manner. 

For research and management personnel in National Parks that contain a barrier 

island depositional environment, these data and analyses are extremely useful for a J 

variety of Park Service applications. In an effort to determine and document what data 

and analyses are available to park personnel, I led interviews and discussion groups at the 

four open ocean national Park sites in the NCBN. Some of the most common requests 

and interests involved an ease in visualization of both shoreline and lidar datasets; 

shoreline change analysis on either the entire shoreline, or a specific user-defined 



segment of shoreline; detennining areas with significant changes in elevation using lidar 

surveys; and highlighting specific elevation ranges. 

Through these discussions, it became apparent that managers and researchers 

within the Park Service are interested in using shoreline and lidar data, but many do not 

have the time or experience required to efficiently do so. As a solution to this problem, I 

have created the Coastal Geo Toolbox. This is a GIS-based set of automated procedures, 

with the intention of simplifying the utilization of shoreline and lidar data. The Toolbox 

was created using the Visual Basic for Applications (VBA) programming language, and 

ArcGIS 8.3. The tools included in the Coastal Geo Toolbox are: a graphical user 

interface (GUI) driven definition query for the NCBN shoreline databases; automated 

shoreline change analysis; creation of a standardized lidar legend; ability to extract 

elevation data for other GIS datasets; simplification of some Spatial Analyst functions 

including creating contour lines and slope maps from lidar data; calculate changes in lidar 

surveys through topographic change analysis; highlight specific elevation ranges; and 

extract a smaller portion of the lidar survey. The ocean parks in the NCBN will all 

receive a copy of the Coastal Geo Toolbox along with a User's Manual and sample 

datasets. 

The Coastal Geo Toolbox was then utilized on an application relevant to the 

National Park Service as an evaluation of the efficiency and accuracy of the toolbox. The 

application chosen was to examine the geomorphologic effects of adding fill in the form 

_of a complex replenishment template to the Northend region of Assateague Island 

National Seashore in the fall of 1998. This template included adding sediment to the 

berm and back-barrier flat, as well as the construction of a foredune. The Coastal 



Geo Toolbox was used to examine any effects the fill may have had on shoreline change 

and overwash. Control areas were chosen in the adjacent areas to the north and south of 

the fill area. My hypotheses were that the fill had created a more reflective beach profile, 

which would cause an increase in shoreline erosion, and that the higher elevations in the 

fill area would restrict overwash over the island. The results of these analyses showed 

that the only difference in shoreline change between the control and experimental sites 

was a greater amount of shoreline accretion in the fill area, probably due to the fill 

spreading out onto the berm and beachface. Visual examination of the lidar surveys 

showed some possible overwash restriction in the fill area, but quantitative analysis 

through volume calculations seemed to be impacted by the quality of each lidar survey. 

Overall, the Coastal GeoToolbox provided the necessary analysis and visualization 

procedures to undertake this comparison in an accurate and efficient manner. 
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Chapter 1: Introduction and User Needs Assessment 

Introduction 

The dynamic nature of barrier islands, and especially the beach sub

environment, is well documented (Andrews et al. 2002; Brock et al. 2002; Dolan et 

al. 1992; Leatherman 1983; Morton and Sallenger 2003). As wave, storm surge, 

tidal, and eolian processes interact over these landforms, changes occur over time 

scales ranging from hours associated with tides and storm events, to years and 

decades as a result of longshore sediment transport and other erosionaVdepositional 

trends (Krabill et al. 2000). Recording and analyzing changes in barrier island 

morphology is essential for coastal management. Monitoring the location of 

important geomorphic features such as the shoreline and foredune zone provides a 

way of better understanding current beach dynamics and the factors that influence 

volumetric changes in sediment along the coast, in addition to revealing short-term 

trends in beach elevation changes and rates of shoreline movement (Morton and 

Sallenger 2003). 

The National Park Service Inventory and Monitoring (l&M) Program was 

created with the purpose of establishing ecological monitoring programs in National 

Parks throughout the United States. The Northeast Coastal and Barrier Network 

(NCBN) is a component of the I&M program; it contains eight National Park Service 

sites in five states extending from Cape Cod National Seashore in Massachusetts, to 

Colonial National Historical Park in Virginia (Figure 1). All of these sites are near 

major bodies of water, and all deal with similar coastal issues and concerns (Duffy 

and Allen 2002). Four of these parks -- Assateague Island National Seashore (ASIS), 
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Cape Cod National Seashore (CACO), Fire Island National Seashore (FIIS), and 

Gateway National Recreation Area (GATE) -- have open ocean coastlines, and as a 

result, contain significant barrier island, barrier spit, and beach environments. This 

particular study focuses on these parks. 

--------

50 25 0 
■■ 

al Seashore 

-) 

50 Kilometers 

Figure 1. Location of National Park sites in the Northeast Coastal & Barrier 

Network. 
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Having such dynamic environments within a National Park Service site 

creates a variety of distinct research and management issues. For example, it is 

necessary to monitor the ocean and marsh shorelines of a barrier island in order to 

maintain current and accurate Park boundaries. There are state- and federal-listed 

endangered species that thrive in these dynamic environments. The scale of spatial 

change in barrier islands is often so great that habitats can undergo a complete 

transformation as overwash deposits fill-in and cover salt marsh and terrestrial 

vegetation. Coastal National Parks are also extremely popular destinations for 

visitors in the summer beach season, and management issues related to coastal 

geomorphology often are primarily focused on protecting infrastructure and 

development from encroaching storm surges and shoreline transgression. Protecting 

structures from coastal geomorphic change is also critical for managing historic and 

culturally significant locations and buildings, an important consideration for many 

coastal National Parks. 

Coastal geomorphology data 

In order to make sound management decisions for dynamic coastal 

environments, detailed and frequent monitoring of coastal geomorphology is 

required. In the NCBN, several vital signs (ecological indicators) have been 

suggested to assess how changes are occurring. Two of the most important and 

readily available sources of data used in monitoring geomorphology are horizontal 

3 



shoreline locations collected by global positioning systems (GPS), and general beach 

topography collected by lidar* topographic surveys (Duffy and Allen 2002). 

Quantifying shoreline change has long been of importance to coastal 

geomorphologists, and is now used in many management activities including 

estimating sediment transport, predicting the effect of proposed shoreline structures, 
\ 

and establishing building setback lines (Leatherman 1983). Especially when 

collected over long periods of time, these data can provide a reliable indicator of 

long-term change, and can serve as an estimate for mean high water (MHW) 

(Stockdon et al. 2002; Anders and Brynes 1991). Historical shoreline change has 

been used to calculate erosion rates in a Federal Emergency Mapping Agency 

(FEMA) coastal erosions hazards study (Crowell et al. 1999). Shoreline change rates 

are also used to establish building setbacks along critical erosion areas in the southern 

coast of Rhode Island (Rhode Island Coastal Resources Management Council 2002). 

Most methods to quantify shoreline location are based on a number of 

assumptions (Stockdon et al. 2002); the most basic being how the shoreline is defined 

and recorded. In coastal research, the mean high water line (MHW) has typically 

been referred to as the shoreline (Anders and Brynes 1991; Stockdon et al. 2002). 

Other physical features in the beach have also historically been used to define the 

shoreline including the last high tide swash (LHTS) and vegetation line (Stockdon et 

al. 2002). Aerial photography can also be used to delineate shorelines along the 

visible LHTS (Boothroyd et al. 1988). In the National Park Service NCBN, shoreline 

data are collected with global positioning systems (GPS) as the receiver is driven 

• Lidar was originally derived as an acronym for 'Light Detection And Ranging,' similar to radar, 
which once stood for 'RAdio Detection And Ranging.' Both are now accepted words (Sallenger et al., 
2003). 
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along the high tide swash line left by a previous high tide. In an effort to minimize 

extreme environmental conditions, shoreline surveys are not collected during major 

storm or wind events, and not during spring or neap tides. In order to record both the 

fair weather and the storm beach in a given year, shorelines are collected at least 

twice a year and if possible additionally before and after any major storm events 

(Duffy and Allen 2002). 

Although shoreline surveys provide a reliable long-term indicator of change, it 

is often important to better quantify changes over the entire barrier island. For 

example, the shoreline cannot indicate changes in other geomorphologic features such 

as the foredune zone, or back-barrier flat. In order to better ascertain the amount of 

geomorphologic change over the entire barrier environment, elevation measurements 

should be collected over the entire island. In the past, beach topography data 

collection provided only coarse representations of study areas and techniques for 

gathering this information required either interpretation of aerial photographs or 

interpolation of data points collected through extensive field collection (Woolard and 

Colby 2002). Field data collection involved measuring elevations one point at a time, 

along a series of transect lines to monitor changes in a dune and/or beach profile, or 

by placing a grid over a study area and collecting an elevation measurement at each 

grid intersection. After collection, both of these methods require spatial interpolation 

to estimate elevations where data points are not collected. These interpolations can 

involve assumptions that greatly affect the results of a survey-derived dataset 

(Andrews et al. 2002). 
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Recently, advances in remote sensing technologies have made it possible to 

accurately measure topography for use in the analysis of sedimentary processes, 

hydrology, and wildlife habitats (Brock et al. 2002). The most prevalent remote 

sensing technique used for measuring elevation is lidar topographic surveys. Lidar 

has the ability to collect elevation measurements at 2,000 to greater than 20,000 

points per second, and has been shown to have sub-meter horizontal accuracy and a 

vertical accuracy of 15 centimeters (Brock and Sallenger 2001 ). Lidar data are 

frequently collected at a density of one measurement per square meter (Brock and 

Sallenger 2001 ). After some initial processing, a final data product from a lidar 

survey consists of seamless topography for the area surveyed (Krabill et al. 2000) 

(Figure 2). Depending on the area, these data can accurately portray the location and 

elevation of several geomorphic features including the beach, foredune zone or 

headland bluff, washover fans, and back barrier flat (Andrews et al. 2002). Lidar data 

has also been used in biological studies to directly measure the three-dimensional 

distribution of canopies, providing highly accurate estimates of vegetation height, 

cover, and canopy structure (Lefsky et al. 2002). An important idea to keep in mind, 

however, is that the lidar data do not accurately represent bathymetry, so any 

elevations collected over water surfaces and aquatic habitats should not be perceived 

as accurate elevation measurements. Through an agreement with NASA (National 

Aeronautics and Space Administration) and the USGS (United States Geological 

Survey), the NCBN is committed to collecting a lidar topographic survey for each of 

the eight NPS sites at least once every two years, and, if possible, after any major 

storm events (Duffy and Allen 2002). 

6 



Figure 2. An example of a seamless lidar survey taken over the 

Provincelands section of Cape Cod National Seashore on Sept. 25, 2000. 

This survey is displayed in grid format with a cell size of lm x lm, 

referenced to North American Vertical Datum, 1988 (NAVD88). 
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Quantifying change 

Horizontal shoreline location 

Shoreline change analysis is one of the most common applications of coastal 

geomorphology data. Shoreline location has been found to often portray a direct 

correlation to erosion and accretion of a beach, and shoreline change analysis allows 

these changes to be quantified in a scientific manner. Shoreline change analysis 

measures change in shoreline position over time (Dolan et al. 1992). There are 

several factors to consider before performing shoreline change analysis; these include 

evaluation of potential sources of error and determining which statistical methods are 

appropriate for an assessment. 

There are several potential sources of error in shoreline change analysis. One 

of the most basic assumptions is how the shoreline is defined and recorded (Stockdon 

et al. 2002). The mean high water (MHW) line, the last high tide swash (LHTS) line, 

and the edge of vegetation line have all been used as definitions for the shoreline 

(Stockdon et al. 2002; Anders and Brynes 1991). Even if multiple datasets were 

using the same shoreline definition, one still must determine a common datum, scale, 

map projection, and coordinate system, in addition to estimating inherent map errors, 

in order to asses the significance of calculated changes. Additionally, shoreline 

measurements are only as accurate as the source data. When undergoing shoreline 

change analysis on multiple sources, the error involved is a cumulative result of all 

the individual errors in the source datasets (Anders and Brynes 1991). The shorelines 

collected by the NCBN were collected by GPS with an estimated error of+/- 1 meter, 

as determined by the GPS instruments (Duffy and Allen 2002). 
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Another source of error in shoreline change analysis stems from the time 

between datasets. A study by Crowell et al. (1993) determined that error bars and 

confidence intervals for shoreline change rates were smaller for comparisons between 

longer periods of time. Longer periods between samples tended to filter out the short

term fluctuations from the long-term trends. 

There are a variety of documented statistical methods for conducting shoreline 

change analysis (Dolan et al. 1992): 

End Point Rate (EPR)- a simple calculation of the distance of shoreline movement 

divided by the time elapsed between the measurements. Usually, the earliest and 

most recent dates are used, but combinations ofEPRs can be calculated. 

• Advantages: ease of computation, widespread use. 

• Disadvantages: often times, only two datasets are used in this calculation, 

causing spurious data to have a strong influence on the results. 

Linear Regression (LR) - shoreline locations are graphed, with shoreline position on 

the y-axis and time on the x-axis. A best-fit line is then calculated, using the method 

of Least Squares, through the entire sample of shoreline positions. The slope of the 

line is an estimate of the shoreline rate-of-change. 

• Advantages: LR is purely computational, based on accepted statistical 

methods, and uses all data available to calculate the rate-of-change. 

• Disadvantages: when shoreline positions are clustered, some dates will have 

more influence on the regression than others. 

Average of Rates (AOR) - individual EPRs are calculated from shoreline position data 

when more than two shoreline positions are available. An equation is used that 
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incorporates the accuracy of the shorelines and the magnitude of the rate-of-change to 

determine if each EPR meets a standard requirement (minimum time criterion). All 

EPRs that meet the time standard are considered long-term rates, and then averaged to 

provide a more reliable estimate of the actual shoreline rate-of-change. 

• Advantages: the AOR method utilizes as many shoreline datasets as possible, 

while only using 'good' data. This method is also sensitive to substantial 

shifts in trends and data variability, and, therefore, filters short-term 

variability. 

• Disadvantages: lack of a computational norm for the minimum time span 

equation, and the sensitivity of the results to the values used in the 

measurement error values. 

Jackknifing (JK) - this method is an adaptation of LR, but uses all possible 

combinations of LRs given by omitting one point each iteration. The slopes of each 

regression line are then averaged to provide an estimate of the long-term trend. 

• Advantages: a purely computational method with results that are less 

influenced by data clusters, and provides a good assessment of model 

accuracy by examining the overall goodness of fit for the omitted points. 

• Disadvantages: a large number of computations are required to run this 

statistic, and the question of added statistical value when using a smaller 

number of shoreline data points. 
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Lidar topographic surveys 

Although lidar is a relatively new technology, there have been a variety of coastal 

geomorphology studies utilizing this spatially dense dataset to map geomorphic 

features or to quantify changes in beach topography. 

Lidar's representation of seamless beach topography provides coastal 

researchers and managers the unique ability to delineate a variety of coastal features. 

An objective and detailed delineation of shoreline position can be attained from lidar 

surveys using techniques involving referencing the elevations to a tidal datum, or 

examining intensity data collected from the backscatter of the lidar laser. During 

lidar surveys, the intensity of each reflected laser point is recorded along with 

elevation and geographic location. High intensities correspond to more solid 

surfaces, such as sand, and low intensities are attributed to less solid surfaces, such as 

water or vegetation (Gibeaut et al. 2003; Gibeaut 2003). A recent NOAA study 

(Woolard et al. 2003) utilized a datum conversion computer program to convert all 

the elevations in a lidar survey to the Mean High Water (MHW) tidal datum. After 

this procedure, the zero contour line was extracted and corresponds to the MHW 

shoreline. Harris (2003) developed methods that use lidar surveys to extract other 

important geomorphic indicators of change such as foredune location and volume, 

and edge of vegetation, in addition to shorelines. 

Perhaps one of the most valuable opportunities provide~ by lidar surveys is 

the examination of overall beach topography in an accurate, efficient, and spatially 

dense manner (Woolard and Colby 2002). For example, the NASA Automated 

Topographic Mapper (ATM) lidar surveys were found to have a root mean square 
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(RMS) error of approximately 15 cm (Sallenger et al. 2003). The ATM was used to 

collect lidar surveys before and after two major extra-tropical cyclones on Assateague 

Island National Seashore during the winter of 1998. Vertical beach changes in some 

areas were found to be greater than two meters, which is much greater than any error 

associated with the ATM lidar surveys. Because of the high spatial density of 

elevation measurements, many scales of geomorphic features were evident in the 

surveys, from ten-meter wide beach cusps to estimates of change in foredune 

elevations and overwash deposits (Sallenger et al. 2003). This sensor is also used to 

collect the NCBN lidar surveys (Duffy and Allen 2002). 

Potential uses for coastal geomorphology data and analyses in the NCBN 

For research and management personnel in National Parks that contain a 

barrier island depositional environment, the data and analyses previously described 

are extremely useful for research and management applications. In an effort to 

determine and document what data are available to park personnel, and which 

procedures would be most useful, I led interviews and discussion groups at the four 

open ocean national park sites in the NCBN. Table 1 lists the National Park Service 

researchers and managers that participated in these discussions. The questionnaire 

used and a complete copy of notes taken during each discussion is provided in 

Appendix A. 
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Table 1. List of participants in Park discussions about the Coastal Geo Toolbox. 

Name Position Location 
JackKumer Wildlife Biologist ASIS 
Brian Sturgis Estuarine Ecologist ASIS 
Mark Sturm Plant Ecologist ASIS 
Carl Zimmerman Resource Management Division Chief ASIS 
Mark Adams GIS Specialist CACO 
Bob Cook Wildlife Biologist CACO 
Nancy Finley Resource Management Division Chief CACO 
Evan Gwilliams Natural Resource Management CACO 
Carrie Phillips CACO Inventory & Monitoring Coordinator CACO 
John Portnoy Wetland Ecologist CACO 
Eric Schneider Natural Resources Science Graduate Student CACO 
Stephen Smith Plant Ecologist CACO 
Scott Stevens GIS Technician and Graduate Student CACO 
Diane Abell Park Planner FIIS 
Michael Bilecki Chief of Resource Management FIIS 
Steve Henderson Interpreter FIIS 
Marie Lawrence Natural Resource Management FIIS 
George Leone Safety Officer FIIS 
Patti Rafferty Coastal Ecologist FIIS 
Kristin Santos Interpreter FIIS 
Steve Singler Chief of Maintenance FIIS 
David Spirtes Superintendent FIIS 
Barry Sullivan Deputy Superintendent FIIS 
Paula Valentine Chief of Interpretation FIIS 
Doug Adano Dept. of Natural Resources (DNR) Chief GATE 
Mike Byer Botanist GATE 
Jackie Duhon Biological Technician GATE 
George Frame DNR GATE 
Christine Grayson DNR Fisheries Biologist GATE 
Bruce Lane Natural Resources Management GATE 
Kathy Mellander GIS Specialist GATE 
Chris Olijnyk Refuge Operations Specialist GATE 
Dave Taft District Ranger GATE 
Kim Tripp Research Coordinator GATE 
Craig Ungerecht Public Health Officer GATE 
John ZuZworsky Refuge Operations Specialist GATE 

Norbert Psuty 
Professor Emeritus, Rutgers Univ. / Director, 

Rutgers Univ. 
Sandy Hook Cooperative Research Programs 

Jeff Pace 
Watershed Coordinator, Sandy Hook Rutgers Univ. 
Cooperative Research Programs 

Mark Duffy GIS Specialist NCBN 
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The following section summarizes the results of my interviews with resource 

managers in the NCBN. 

Assateague Island National Seashore -- Assateague Island National Seashore (ASIS) 

has been undergoing coastal geomorphology monitoring since 1998. This monitoring 

is composed of horizontal shoreline location measured by a GPS, collecting cross 

island transect elevation profiles using a Total Station surveying system, and seamless 

beach topography collected through airborne lidar surveys. Carl Zimmerman, the 

Natural Resource Management Division Chief at ASIS, stated that he uses the 

horizontal shoreline location data for conducting environmental assessments of 

historic structures, and expressed considerable interest in using the data more 

frequently if they were available and analyses (especially shoreline change analysis) 

were more accessible. 

The NPS researchers at ASIS use the shoreline datasets less commonly, but 

use lidar data for a variety of purposes including the extraction of elevation statistics 

for biological habitat studies and monitoring changes in coastal geomorphology. In 

addition there is an interest in utilizing lidar datasets to monitor habitat changes in 

vegetation and document the location and size ofwashover fans and freshwater 

ponds. Limiting factors to using lidar data were the inaccessibility of the survey data 

and a lack of time required in learning how to properly and efficiently use them. Of 

all the lidar operations discussed with ASIS researchers and managers, the most 

important was simply automating a visualization of the data, with a secondary interest 
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in the visualization of elevation changes between datasets and extracting elevation 

data for point, line, and polygon vector datasets. 

Cape Cod National Seashore -- Cape Cod National Seashore (CACO) has a 

geomorphology monitoring dataset that dates back to the late 1800's. The earliest 

data are known as the Marindin transects and are a series of 220 beach profiles 

collected throughout CACO in 1889. More recent coastal geomorphology datasets 

include horizontal shoreline surveys that date back to the early 1990's and lidar 

elevation surveys starting in 1998. Nancy Finley, the Resource Management 

Division Chief, and Carrie Phillips, the Inventory & Monitoring Coordinator for 

CACO, were both interested in utilizing these data in an examination of shoreline 

change, and also assessing changes to coastal bluffs. In addition, along with other 

CACO personnel, they were primarily concerned with these datasets being available 

and accessible for use on a consistent basis. 

Most of the resource management staff at CACO were especially interested in 

the lidar data, which could be used for a variety of purposes including collecting land 

and water surface elevations for fresh water wetlands throughout the park, extracting 

current profiles to be compared to the Marindin transects, monitoring and making 

predictions on marsh restoration projects, examining extreme overwash events during 

storms, and examining dune evolution. The most useful lidar operations include 

standardizing visualization of the surveys, determining areas of major elevation 

changes, and getting elevation statistics and attributes for vector datasets. 
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Fire Island National Seashore -- Fire Island National Seashore (FIIS) has an ongoing 

coastal geomorphology monitoring program that includes shoreline and beach profile 

datasets dating back to the early 1990's and lidar surveys collected over FIIS since 

1998. Similar to the other ocean parks in the network, a main concern of park 

personnel at FIIS is making the data that have been collected more accessible and 

easy to use. The shorelines are mainly used to portray variability in shoreline 

location, through overlaying a series of shoreline location datasets on aerial 

photographs, and in many park development projects. A major interest in utilization 

of the lidar surveys was to query the datasets to highlight specified elevations, 

changes in elevations, or ranges in elevations or changes, in an effort to use lidar 

surveys to determine if any development has exceeded zoning regulations. Michael 

Bilecki, the Resource Management Division Chief at FIIS, also stated another interest 

in using the lidar surveys to examine the potential coastal geomorphic impacts of 

people driving on the beach and calculating changes in beach elevations, as well as 

formulating predictions as to where the shoreline could be after certain amounts of 

sea-level rise. 

Gateway National Recreation Area -- The main focus of the Gateway National 

Recreation Area (GATE) geomorphology data collection has been on a barrier island 

spit in northern New Jersey known as Sandy Hook. This area has a temporally dense 

collection of monthly profile surveys, in addition to shoreline surveys since the early 

1990's. There have also been lidar topographic surveys collected over this area since 

the late 1990's. The park personnel at GATE are extremely interested in simplifying 
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the process of selecting and overlaying a series of shorelines in one image, in addition 

to an automated and standardized method of using the data to calculate shoreline 

change rates. Dr. Norbert Psuty, a coastal geomorphologist at Sandy Hook, stated 

that one of the most important components to the repeated calculation of shoreline 

change rates was to show the magnitude of change, so that one can then-decide if 

something is going wrong. Park personnel were also interested in simplifying the 

visualization and use of lidar surveys as well as documenting changes between 

surveys. 
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Chapter 2: The Coastal Geo Toolbox 

Introduction 

Even the most basic coastal change analyses are quite complex with respect to 

technical operations and lidar data can be cumbersome because of large file sizes. 

The technical demands of processing lidar data on in-park resource managers is quite 

high and, as was shown in Chapter 1, precludes many Park scientists from using these 

data on a regular basis. In addition, the visualization of the data and analytical results 

can be difficult to understand. 

To ameliorate these problems, I created an automated suite of GIS data 

processing tools called the Coastal GeoToolbox. The Toolbox is a user-friendly 

GIS-based computer program that provides a suite of the most commonly run 

shoreline and coastal change visualization and analysis operations. It allows a user to 

interactively select a geographic area and choose from a package of analytical tools in 

a graphical user interface (GUI) driven environment. The results of analyses are 

given in a format that is understandable to the managers and researchers utilizing 

these procedures. Additionally, a main component of the Coastal GeoToolbox is its 

design for those with limited GIS experience. 

An example of a working GIS program that calculates shoreline change 

analysis is the Digital Shoreline Analysis System (DSAS), created by the USGS 

(Thieler et al. 2003). The Coastal GeoToolbox differs from DSAS in that the Coastal 

Geo Toolbox is created in a newer version of the ESRI software, utilizes lidar data in 

addition to shoreline data, and is specifically designed for NPS personnel in the 

NCBN. 
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General architecture of the toolbox 

When looking into the options for creating the Coastal GeoToolbox, it became 

quickly apparent that ArcGIS 8.3 provided the opportunity to create customized tools, 

while still maintaining the more common tools available in a GIS. One of the main 

components of ArcGIS 8.3 is ArcMap -- a GUI-driven environment that provides the 

most common GIS tools. ArcMap provides some initial customization possibilities, 

including moving and creating new toolbars, and buttons. Behind each newly created 

button there can be code that when the button is pressed a procedure is run. This code 

can be based on several computer-programming languages. The language utilized in 

the Coastal GeoToolbox is Visual Basic for Applications (VBA). ArcObjects were 

also used; these are an assortment of coded procedures saved into discrete objects. 

To create the Coastal Geo Toolbox, a new toolbar was created that contains a series of 

buttons (Figure 3). Behind each button is an automated procedure that runs a 

visualization or analysis tool on either the lidar topographic surveys or horizontal 

shoreline location datasets collected and managed by the NCBN. 

The code used to automate these tools is provided in Appendix B. An outline 

of the user's manual for the Coastal GeoToolbox is provided in Appendix C. 
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Figure 3. The toolbar created in the ArcGIS 8.3 ArcMap desktop 

environment. Each button on this toolbar contains an automated 

procedure in the Coastal GeoToolbox. This figure was split up into 

three sections (A, B, and C) in order to fit lengthwise on a single page. 
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The Coastal Geo Toolbox toolbar is divided into two groups. The first group 

contains two tools, 'Select Shorelines to View' and 'Shoreline Change Analysis' 

(Figure 3a), and pertains to horizontal shoreline location data. The other group 

contains the remaining six buttons or menus, and contains tools that utilize the lidar 

grid data. Each of these buttons is explained in the following section. 

Horizontal shoreline location 

Select Shorelines to View 

Through the development of the NCBN protocols for collecting shoreline 

datasets in coastal parks, it has been determined that an optimal means of storing 

these data is through the creation of a shoreline database. This database is composed 

of an ESRI GIS shapefile that contains each shoreline as a separate feature. These 

features have specified attributes to record day, month, and year of collection, 

shoreline type (ocean, bay, etc.), and monitoring purpose. This somewhat complex 

encoding of shoreline location results in a confusing dataset to novice GIS users. The 

Coastal GeoToolbox provides a GUI driven environment to choose which attributes 

the user would like to see, and by use of a definition query, only shows features that 

meet such a selection (Figure 4). 
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