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Motivation
• Coastal landscapes are dynamic

– wind, water, gravitation, plants, animals, and humans
– continuously changing landscapes

• Open questions
– Land surface processes poorly understood.
– Predictive capabilities limited.
– Management decisions based on insufficient 

 
information.

• Data
– Digital scans of coastal regions 
– High resolution (as low as 0.5 m2)
– Span an unprecedented number of years. 

• Visualization needs
– Standard raster‐based analysis…too much info?
– Need tools to highlight important attributes
– Need to summarize and provide information about 

 
error and uncertainty.



Case Study: barrier islands
Study area:

• North Carolina Outer Banks

• long narrow strip of sandy barrier islands

Focus region:

• near Oregon Inlet 

• exhibits significant terrain changes over 10 years.

Dynamic topography: 

• sand is redistributed by wind, waves, storm surge

Vulnerable: 

• coastal erosion, sea level rise, inundation, breach

• First line of defense against storms
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Pop quiz

• Which of these natural disasters occurred on 
 the U.S. east coast in 2011?

A.
 

Plague of locusts.

B.
 

Earthquake.

C.
 

Forest fires.

D.
 

Hurricane.

E.
 

All of the above.



Expensive Damage

August, 2011

 
Hurricane Irene caused breaches in the Outer Banks…

…the only road destroyed.
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DEMs
•11 digital elevation models
•Years 1996 ‐2008, uneven intervals
•Derived from LiDAR

 

surveys [1]
•0.5 m2

 

resolution

Transects
•Line segments perpendicular to the shoreline
•U.S. Geological survey transects [2]
•50 m intervals

Imagery
•2009 aerial photo
•National Agriculture Imagery Program [3]

[1] Mitasova

 

H., Hardin E., Kurum, M., and Overton M., 2010, Geospatial analysis of vulnerable beach‐foredune

 

systems from decadal time series of lidar

 

data, Journal of Costal Conservation, Management and Planning, 14 

 

(3), p.161‐172. 

[2] Morton, R. and Miller, T. (2005). NC TRANSECTS ST Short‐term shoreline change rates for NC Atlantic coast 

 

generated at a 50m transect spacing, 1970‐97. Technical report, USGS Open‐File Report 2005‐1326.

[3] Imagery source:  http://www.lib.ncsu.edu/gis/hyperspectral.html
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We visualize summary statistics of important data attributes and risk or vulnerability indices as functions of both spatial and temporal dimensions in our data. 
We combine standard techniques such as surface-mapping and imagery with summary visualizations using both standard and novel visual representations. This approach enables us to not only retain important geographical context in our visualizations, but also helps to reduce clutter due to direct plotting of statistical data in displays of geospatial information. 
We address some issues pertaining to visualization of summary statistics for geographical regions at varying scales.
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Over the past decade free and open source software (FOSS) has moved into mainstreem and its growth includes a wide range of geospatial software tools. The presentation will briefly describe the principles of FOSS and provide an overview of major FOSS projects that support management, processing, analysis, visualization and on-line distribution of georeferenced data. Interoperability between the different tools enabled by the FOSS concept will be highlighted using examples of applications that combine software developed by several projects, such as GRASS, Mapserver, GDAL, PROJ, R-stats, PostGIS, paraview and others. Special focus will be given to the recent new developments in Geographic Resources Analysis Support System (GRASS, http://grass.itc.it). Since its original design as a land management tool for military installationsthe system has evolved into one of the most comprehensive, general purpose GIS and support for environmental modeling has been an integral part of its development. Overview of the GRASS6 capabilities relevant to environmental modeling will be provided, including tools for working with 2D and 3D raster data, the completely redesigned topological 2D/3D vector engine, vector network analysis and SQL-based attribute management. Various graphical user interfaces, such as QGIS and JAVAGRASS, that are being used with GRASS will be introduced and enhancements to 3D dynamic visualization will be presented. Environmental modeling will be illustrated by examples in the area of coastal management and sediment pollution control using the latest lidar data and new or updated GRASS6 modules. The talk will conclude with discussion of visions for the future of FOSS geospatial modeling.



Dune ridge elevation

• Importance
– vulnerability 

 
indicator

• Construction
– derived from DEM
– sampled at 

 
transects

• Display
– space ‐time cube 

 
technique (STC)

– glyph position + 
 

visual features

Elevation color map

Ridge line: optimally high 
elevation path

STC dune ridge elevation near Oregon Inlet
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Summary Plots: Relative volume

Rodanthe

Data: fore dune sampled at 50 m resolution. About 1800 data points.

10 km

Relative Volumes:



Summary Plots: Differences in Rel. Vol.

Rodanthe

10 km

Data: fore dune sampled at 50 m resolution. About 1800 data points.

Relative Volumes:



Summary Plots: Dune ridge elevation

Rodanthe

10 km

Data: raster map sampled at .5 m resolution.



Space‐Time Clustering

• Identify clusters of points on a 
 terrain that have similar elevations 

 over all time steps

Visualization: 
• Apply the clustering technique to 

 visualize clusters of points with 
 similar elevation time series in 

 Oregon Inlet region. 
• Develop methods to visualize other 

 attributes such as error within each 
 cluster

Oregon Inlet



Clustering Method
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• Partitioning result with k

 

= 3. Note that colors are assigned arbitrarily to 

 the clusters.

N

Data: raster map sampled at 5m resolution. About 10,000 points on the surface.



• Partitioning result with k

 

set to 6. 

Points on 

 
foredune

 

ridge

N

Data: raster map sampled at 5m resolution. About 10,000 points on the surface.



Visualization of Error
• “Error”

 

is introduced due to the summarization process

• One type of error is difference from cluster mean elevation

• Black lines originating from the spheres denote their distance from the mean of 

 
corresponding cluster. A white “cutting plane”

 

is drawn to show the mean of the 

 
cluster of yellow spheres. 

Sphere height = Mean elevation
Sphere color = Cluster Id

Semi‐transparent plane = 

 
Cluster mean of one cluster



Visualizations of points in 

 individual clusters

Cluster 1

Cluster 2

Cluster 3Mean elevation of cluster: 6.03 m
Standard deviation: 0.94 m

Mean elevation of cluster: 3.48 m
Standard deviation: 0.67 m

Mean elevation of cluster: 1.42 m
Standard deviation0: 0.44 m



• Visualization of points in three clusters obtained by clustering

 

elevations of points 

 
on the map over all time steps. Vertical location of sphere represents mean 

 
elevations and black lines represent difference of mean from mean of the cluster.

N



Discussion

• Summarization is necessary because we are dealing with data 

 that have ‐
– High resolution

 

+ multiple time steps 

 

+ multiple features

• Summaries are used to 
– verify trends, for example, Hurricane Isabel (2003)

– Reduce complexity of raster‐based displays

• Error is introduced due to summarization process and we 

 visualize this error 

• Implications for vulnerability
– Vulnerability calculated based on factors such as fore dune ridge 

 height, shoreline movement, beach width, fore dune volume



Future work

• Inspect known vulnerable region for patterns
• Incorporate new datasets
• Other metrics 

– beach width, shoreline, slope, gradients over 
 time, horizontal ridge migration

• Other terrain types, for example, land slides in 
 mountainous regions



Thank you

Shackleford

 

Island, Outer Banks, North  Carolina
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