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columns. Each column was formatted to include numbers up to 2 decimal places. The 
data were then exported as a .dbf (IV) file type and then used to generate data point 
features in the ArcGIS 9 (ESRI) software. 

All data were post-processed against the CORS ( continuously operating reference 
station), Loyola Enterprises Chesapeake, VA base station and exported as an ESRI 
shapefiles. This post-processing applied a differential correction that further improved 
the accuracy of each reading. 

These post-processed node data were interpolated to a raster grid within the ArcGIS 
Spatial Analyst using an ordinary kriging algorithm with a spherical variogram model. 
Kriging is a method for linear optimum unbiased interpolation with a minimum mean 
interpolation error (Theodossiou and Latinopoulos, 2006). The primary concern of the 
use of any interpolation technique is with the imprecision of the original data. This 
particular concern was eliminated by the use of precision R TK adjusted GPS data. 
Grid parameters were set to a fixed search radius of 150 feet, minimum acceptable 
value of O and a grid cell size of 25 feet. These parameters were chosen to allow 
statistical infilling of the entire project area without too much smoothing of the raw 
data or too much grid extrapolation beyond the control points. Surface Analysis was 
utilized to construct the contours from the grid. Contouring every foot with base 
contour set to �2��and no z factor scaling was accomplished and overlaid on the grid 
surface for a final contour map of the study area (Figure 4). 

The 3D Analyst ArcGIS extension and ArcScene were used to create a visualization 
of an approximate surface of the study area. The elevation values of the interpolated 
raster were exaggerated to provide visible contrast within a simple three-dimensional 
model of the ridges and swales of the dune field (Figure 5). In addition to the 
production of detailed visual representations, these data allowed for the calculation of 
the area and volume of the study area. Approximately 40360 square meters of dune 
field were found to represent an above-MSL volume of 135000 cubic meters of sand. 
This volumetric calculation is a critical and easily replicable component of the 

monitoring of temporal changes in an observed dune field. 

DISCUSSION 
The development of increasingly accurate GPS technology allows for precision 

mapping of coastal topography. Accurate, localized topographic maps may be 
produced and utilized to support the analysis of change within the coastal zone. 
However, advanced technology must be combined with comprehensive human 
knowledge of geospatial techniques in order to be completely useful. Schubel (1981) 
asse1is that, while changes in the coastal topography of the Chesapeake Bay typically 
occur on geological time scales, poor planning and conservation could reduce the 
functional lifespan of the Bay by half. This concept can be applied to terrestrial 
landforms and their accompanying bays throughout the mid-Atlantic and reinforces the 
need for mapping and cataloging of the coastal zone. 

The data mapped in our study confirm the existence of dune patterns similar to 
those identified in another recent analysis performed in coastal Georgia and North 
Carolina. This study indicates that, "Elevational contrasts are maint~ined by positive 
relief generated by dune-building taxa and stabilization of intervening low swales by 
burial-intolerant woody shrubs and grass species" (Stallins and Parker, 2003). When 
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FIGURE 4. Contour and feature map. Feature widths are enlarged to enhance visibility. Aerial Imagery 
�‹��2002 Commonwealth of Virginia. 
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FIGURE 5. Preliminary 3-D elevation model of mapped dune field. 

Virginia Journal of Science, Vol. 58, No. 1, 2007 https://digitalcommons.odu.edu/vjs/vol58/iss1



24 VIRGINIA JOURNAL OF SCIENCE 

used properly, data such as those obtained through our study may be used to "extract" 
much broader conclusions about environmental change over time. 

The maps resulting from this study cover a small portion of a much larger 
geographical area and body of knowledge. At the First Landing State Park mapping 
site, both visual and GIS inspections reveal a persistent pattern of shoreline advance 
and new dune ridge formation. Three separate dune ridges and accompanying swales 
were mapped between the current mid-tide shoreline and the vegetation line. The 
evidence suggests that the entire complex is advancing northward. The current 
shoreline has advanced noticeably northward from its position at the time of a 1994 
aerial photograph of the study site. 

The techniques used to produce the resultant digital topographic data were designed 
to be easily replicated. Through replication of these methods at standardized time 
intervals it will be possible to quantify and catalog changes in the positions of the 
shoreline, foredunes, dune ridges, and pioneer forest. Comparison in the position of 
the shoreline over time coupled with the dune elevation changes would afford an 
estimate of the rate at which sedimentation is taking place. By way of example, if the 
elevation of the newest dune has increased 6 inches, on average, over a decade, this 
might suggest that in 400 years this dune will have an elevation of 20 feet, while the 
shoreline will have advanced some 70 feet northward. It is also possible to use this 
estimated sedimentation/dune growth rate to construct regressive and/or predictive 
models of the topography. These models could provide a visualization of what the 
coastline may look like in the future or what it may have looked like in the past. 
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