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1.  INTRODUCTION 
 

Dry Tortugas National Park is located approximately 112 km west of Key West, Florida at 24.63 N, 82.87 W (Figure 
1). The park encompasses approximately 26,166 ha (64,657 ac), of which 99.8 percent is underwater (Patterson et al. 
2005). Using the NASA Experimental Advanced Airborne Research Lidar (EAARL) sensor, it is now possible to 
quickly and accurately survey submerged topography over large areas. In late July and early August of 2004, a lidar 
survey concentrating on submarine topography was flown over much of Dry Tortugas National Park. This applied 
research project focused on developing a process to transform the lidar data into a useful product for researchers, park 
staff, and park visitors. 
 

FIGURE 1 
LOCATION OF DRY TORTUGAS NATIONAL PARK AND LIDAR TILES 

GRAY SQUARES INDICATE EACH 2X2 KM LIDAR TILE 

 
 
 
 

2.  NASA EAARL BACKGROUND 
 
'Lidar' is an acronym that stands for light detection and ranging. Lidar instruments are often flown in small aircraft and 
utilize an active remote sensing technology. Laser light is pulsed downward, where it interacts with surface or near-
surface objects and reflects back to the lidar instrument (Brock et al., 2002). The length of time between the initial 
pulse and each return is recorded. These timings are then combined with precise information on aircraft location to 
calculate accurate elevation values for specific points. The EAARL instrument is a raster scanning instrument that is 
capable of receiving a complex, waveform return signal (Wright and Brock, 2002).  
 



To understand the significance of this return, it is helpful to follow the path of a hypothetical laser pulse. Consider a 
situation where the EAARL instrument is flown over an ocean with coral reefs a few meters below the surface. After 
leaving the aircraft, the signal travels relatively unimpeded until it reaches the ocean surface. At this point, some of the 
signal reflects back towards the EAARL receiver, while the rest continues on its original path and enters the water 
column. Depending upon angle of entry, water turbidity, and other factors, additional portions of the lidar signal are 
likely to reflect back from within the water column. Finally, given good conditions, the last of the signal will reach and 
reflect off of the coral reef that is near the seafloor. With proper filtering, both a first surface and a last surface (i.e. bare 
earth) can be extracted from the waveform results. Figure 2 shows an example of the waveform return for a terrestrial 
location. 
 

FIGURE 2 
GENERALIZED DIAGRAM SHOWING LIDAR DATA COLLECTION AND ASSOCIATED DIGITAL DATA 

FOR BOTH THE CANOPY AND BARE EARTH 

 
 
For the submarine topography flights over Dry Tortugas National Park, the layer of primary interest was the last 
surface. The EAARL sensor is capable of penetrating 25 meters of water under ideal conditions, with 15 meters 
attainable on most flights (Wright and Brock, 2002). With overlapping flightlines, the spatial resolution is 
approximately one laser pulse per square meter, with a vertical accuracy of approximately 15 cm (Brock et al., 2006). 
 

 
3.  METHODS 

 
3.1  PREPROCESSING 
 
After the completion of the Dry Tortugas flights with the EAARL sensor, the data was sent to the USGS Center for 
Coastal & Watershed Studies in St. Petersburg, FL, where it was run through the custom-coded Airborne Lidar 
Processing System (ALPS) software (Crane et al., 2004). This system was used to merge flightlines, extract the desired 
layer (i.e. bare earth) from the waveform returns, provide some initial manual filtering, and interpolate a surface using a 
triangulated irregular network (TIN). This surface was cut into 2x2 km tiles that were exported as 32-bit floating point 
GeoTIFF files (Brock et al., 2006). 
 
3.2  MANUAL RASTER EDITING 
 
After preprocessing, the 2x2 km GeoTIFF lidar data tiles, each containing approximately 4 million pixels, were sent to 
the South Florida/Caribbean Network Inventory & Monitoring Program office in Miami, FL. At this stage, the data 
required additional manual processing to reach a quality level suitable for map production. There were three main goals 
for the manual processing: to remove false features, to remove faceted regions, and to improve the appearance of data 



gaps. The overall objective of the raster editing was to ensure data accuracy while striving to clean the data for 
improved map aesthetics. 
 
The first step was to import these grayscale images into ERDAS IMAGINE for raster editing. Image contrast was 
adjusted to ensure that all the data could be inspected. Then, using the zoom in/out tools as needed, the tile was 
systematically inspected from upper left to lower right. The most important task was to identify and remove all false 
data spikes from the dataset. These areas of noise would typically show up in the submarine topography as small areas 
(i.e. < 5 m across) with vertical relief in excess of 5 meters. These artifacts indicated locations where the preprocessing 
algorithms mistook strong water column returns for the final, bare earth return. While this type of artifact was seen 
frequently in prior datasets, improvements to the USGS preprocessing techniques were effective in eliminating most 
spikes from the Dry Tortugas data. 
 
Upon identifying a problem in the data, an Area of Interest (AOI) polygon was drawn around the artifact. The pixels 
inside that Area of Interest were then given a value of -100, which corresponds to 'No Data' throughout this project. 
 
During the manual processing, the tile was examined for areas that appeared extremely faceted. At times, poor entry 
angles or water turbidity would prevent the lidar signal from reaching the bottom surface. This resulted in regions 
where the data density would drop well below 1 lidar return per square meter. When the ALPS system generated a TIN, 
the missing points would create areas of the data with large, flat surfaces, or facets. Regions with extremely large facets 
were given cell values of -100, which served to reclassified them as 'No Data' . This was done in an effort to ensure a 
spatial resolution of 1 meter for the entire dataset. 
 
Finally, in areas of extreme turbidity or deep water, the EAARL instrument often did not detect a return signal from the 
seafloor. The result was patchy data which appeared as a jagged surface with triangular holes. In most cases, manual 
processing reassigned the pixels in these regions to 'No Data' (cell value -100), while ensuring that usable data was 
retained. Additional edge smoothing was also done around larger data gaps to improve the appearance. The final results 
were smoother data tiles, and more aesthetically appealing and useful map products. Figure 3 provides a summary 
visualization of these data processing steps. 
 

 
FIGURE 3 

LIDAR TILE AS IT PROGRESSES THROUGH THE WORKFLOW 

 
 
3.3  MAP PRODUCTION 
 
The first step in map production was to design a template to maintain consistency across all 71 submarine topography 
tiles. The template was designed with the lidar tile dominating the page, a short project description with references in 
the lower-left, and an inset map in the lower-right. This inset map shows both the location of Dry Tortugas National 
Park within Florida, and the location of the specific lidar tile within the park. Additional legends, collaborator logos, 
and map text were included near the bottom of the map. All of these elements were placed onto a layout within ESRI 
ArcMap 9.1 (Figure 4). 
 
After the layout was complete, the first lidar tile GeoTIFF was added to the map data frame and given a preselected 
color scheme. The custom color ramp was designed such that the highest elevations around sea level appeared in 
maroons and oranges. As elevation decreased down towards -20 meters, the colors faded first into yellows, then greens, 
and finally deep blues. The next step was to generate an analysis mask shapefile. This shapefile contained a polygon 



feature in locations where lidar data was present, and contained no features in the 'No Data' regions. This mask was 
used in subsequent operations to set limits to where the hillshade and contour lines should be generated. 
  
A hillshade was added to each map to provide three-dimensional relief to the lidar tile. The hillshade was generated 
using the Spatial Analyst extension and then placed as the bottom layer. The lidar tile was given a 50 percent 
transparency to allow the grayscale hillshade to partially show through from underneath. The hillshade layer was also 
exported to a permanent Arc Grid file. 
 
To aid in the interpretive value of the map, topographic contour lines at 1-meter intervals were generated from the lidar 
data and added to the map. Due to the complexity of the lidar, it was necessary to temporarily smooth the data before 
generating the contours. If this smoothing step was omitted, the contour lines were extremely complex and hard to 
interpret. The smoothing was done with a 14x14 cell mean neighborhood operation. The resulting contours were saved 
as a shapefile. Labeling was accomplished with a VBScript that forced only the even contours to receive labels, further 
increasing legibility in high relief areas. Finally, a small gray halo was placed around each label for clarity. 
 
Upon completion, each map was exported as a 300 dpi PDF document at a size of 34x44 inches, to allow the files to be 
printed as large wall maps. The PDF files also scale down well for printing at much smaller sizes. 
 

FIGURE 4 
GENERAL MAP LAYOUT 

 
 
3.4  MAP ATLAS CREATION 
 
Once all the maps were complete, the next task was to create an interface that would allow easy access to the high-
quality PDF maps, metadata, and the actual GIS data files. The best solution was determined to be a digital map atlas 
DVD with an HTML-based user interface. The HTML was created in Macromedia Dreamweaver and was based upon 
the required USGS design template. The main HTML page loads in the default web browser after the disc is inserted 
into a DVD drive. The start page introduces the project title, authors, and provides a map of Dry Tortugas National 
Park with each lidar tile shown as a numbered box. Clicking on any of these boxes immediately opens the full PDF 



map for that particular tile. A menu also runs down the left side of each page and provides quick access to information 
such as project purpose, metadata, and collaborators. There is also a menu link for an ArcMap document. With the 
proper ESRI license, this document will load a merged lidar file showing all the lidar data that was collected in Dry 
Tortugas National Park. The Raw Data menu link provides quick access to the folders that hold the GIS layers, 
including the edited lidar GeoTIFF, hillshade, and contour line shapefile. 
 

4.  CONCLUDING REMARKS AND FUTURE DIRECTIONS 
 
Each map tile is subjected to a USGS quality control review process. Once the final digital map atlas completes its 
journey through the USGS review, it is assigned an Open File Report number. Map tiles are then duplicated and 
distributed to park staff and interested researchers. The lidar flights in South Florida were flown in part to develop 
techniques "to survey coral reefs for the purposes of habitat mapping, ecological monitoring" (Brock et al., 2006). In 
addition, these surveys will be extremely valuable as a tool to analyze changing resources after hurricanes, bleaching 
events and disease outbreaks (Brock et al., 2006). Besides research uses, the maps also provide park managers and 
visitors with a unique visual image of submerged resources. With coral reefs worldwide receiving an increasing 
number of pressures, this is an important time to provide new opportunities for the public to learn more about coral 
reefs and to see where they are located. 
 
Moving forward, similar procedures will be applied to create clean lidar data and maps for additional park units, 
including Fire Island National Seashore, Assateague Island National Seashore, Gulf Islands National Seashore, George 
Washington Birthplace National Monument, Thomas Stone National Historic Site, Cape Cod National Seashore, 
Colonial National Historic Place, and Virgin Islands National Park. Many of these future projects involve terrestrial 
environments, where maps of both first surface (tree canopy) and bare earth lidar will be created. 
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