
Using Mobile Lidar and a 360-Degree Spherical Camera for Rapid Assessment of Beach and Foredune Elevation 

Change After Hurricane Hanna on North Padre Island, Texas, USA 
Isabel A. Garcia1,3, Michael J. Starek2,3 
1Texas A&M University - Corpus Christi, Department of Physical and Environmental Sciences  
2Texas A&M University - Corpus Christi, School of Engineering and Computing Sciences  
3Conrad Blucher Institute for Surveying and Science 

Problem Statement 

 The purpose of this study is to use a mobile lidar system (MLS) for rapid post-storm damage assess-

ment of beach and foredune structure along a section of sandy beach located on North Padre Island, 

Texas, USA.  Data was collected and compared to pre-storm open-sourced airborne lidar data. Results 

show that a significant amount of elevation change took place during the storm and the foredune was 

pushed back a significant amount. 

Background 

 Hurricane Hanna made landfall at 11:00 PM UTC on Saturday, July 25, 2020 as a Category 1 Hurri-

cane about 20 km north of Port Mansfield, Texas and 110 km south of Corpus Christi, Texas [1] (see Fig. 

1). Maximum sustained winds were at 150 km/h [1], with strong gusts, and a maximum storm surge of up 

to 6.4 feet, causing severe erosion to the beach and foredunes, seen in Fig. 2. Efforts to restore damages 

areas requires accurate rapid post-storm data to assess volumetric changes to the beach and foredune 

areas.  

 The MLS used in this study, called the HiWay Mapper system, consists of a Velodyne HDL 32-E lidar 

(San Jose, CA, USA), a NovAtel INS (Calgary, AB, Canada), and a FLIR Ladybug camera (Wilsonville, 

OR, USA). The Velodyne is a short-range, relatively lower cost miniaturized scanner. It consists of 32 la-

sers situated in a rotating head, has an effective range of 100 m, a 260-degree horizontal field of view, 

and collects ~700,000 points per second in single return mode. The INS contains a Sensonor STIM300 

IMU (Horten, Norway) which is a small, lightweight sensor with 3 accelerometers and 3 gyroscopes. It 

collects at a data rate of 125 Hz and has integration capabilities with SPAN GNSS receivers. The NovAtel 

702-GG GNSS receiver is a dual frequency antenna designed to have a highly stable phase center, de-

signed for movement. The FLIR Ladybug camera is a 360-degree camera with an accuracy of 2 mm at a 

distance of 10 m. It can be synched with the Snoopy system (Velodyne lidar and NovAtel INS) and used 

to colorize the resulting point clouds. 

 

 

 

 

 

 

 

 

 

 

 

 

Data 

 The dataset being evaluated was collected on August 4, 2020 (10 days after Hanna made landfall) 

and August 8, 2020 (14 days after Hanna made landfall) on North Padre Island. The surveys were con-

ducted just south of Packery Channel and extended about 15 km (~9 mi) south to the northern bounda-

ry of the Padre Island National Seashore (PINS) as seen in Fig. 4. The sensor was mounted on a custom 

mount and attached to the roof of a 4WD utility vehicle using a set of rubber dampeners to reduce vi-

bration (see Fig. 4). A series of georeferenced ground truth targets, pictured in Fig. 5, were laid every 

150 to 200 meters to reference the scans. The vertical accuracy of this data is 21.5 cm at 95% confidence.  

 Pre-Hanna airborne topo-bathymetric lidar data were collected in 2018 by the United States Geolog-

ical Survey (USGS). Pulse spacing of 0.7 meters was used to collect and were downloaded as 1 meter 

bare-earth digital elevation models (DEMs) in the North American Vertical Datum 1988 (NAVD88).  

Vertical accuracy of these surveys were checked with independent accuracy points and a series of GCPs 

were used to calibrate the system as well as establish known ground points. The vertical accuracy of this 

data is 19.6 cm at 95% confidence. *Note that the data was collected a year after Hurricane Harvey, 

which caused major flooding events. This dataset was the most recent available. 

Methodology 

 Data was collected along an area of sandy beach from just south of Packery Channel and extending 

south to northern boundary of Padre Island National Seashore (PINS). Once the data was collected, it 

was then processed and filtered to remove non-ground points and sparse point clouds. DEMs were then 

created to compare to the airborne data. The MLS processing workflow can be seen in Fig. 6. 

 MLS and USGS DEMs were then differenced (called a DEM of difference) to determine elevation 

differences in the beach and foredune and elevation. Contours were then generated at 1.5 m (a height 

that follows the dune yet is too high to occur on the beach) and compared to generally estimate how 

much the foredune line retreated, referred to in this poster as “foredune movement”, shown in Fig. 6.. 

 

 

 

 

 

Results 

 The resulting DEM of difference (Fig. 5) displayed that positive elevation change behind the fore-

dunes occurred and measured up to 1.4 +/- 0.33 m. This DEM of difference also showed negative eleva-

tion change of up to 3.02 +/- 0.33 m occurred. Further analysis of the “foredune movement”, shown in 

Figs. 7 and 8, show movement of up to 6 m in some areas.  

Conclusion and Future Work 

  Hurricane Hanna brought with it strong storm surge, elevated sea levels, and high winds. The dune 

system was severely damaged due to vigorous waves and flooding. This caused serious elevation 

change in the foredune system, as seen in Fig. 8. It was this storm surge and flooding that could have 

caused the deposition behind the dunes, seen in Figs. 6 and 7. 

 In the future, further analyses can be made by studying transects along the beach and foredune to 

calculate volumetric changes. Foredune delineation could also take place for foredune comparisons. 
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Figure 3: Location of the post Hurri-

cane Hanna scan on North Padre Is-

Figure 4: HiWay Mapper mounted on 

the roof of a 4WD utility vehicle 

Figure 5: Example of the GCP targets 

used for the post-Hanna scan 

Fig. 1: Radar image of Hurricane Hanna near 

the time that it made landfall [1] 

Figure 6: Workflow of MLS data processing 

Fig. 6: DEM of difference depicting elevation changes after hurricane 

Hanna 

Fig. 7: Contour lines depicting elevation change and foredune re-

treat after hurricane Hanna 

Fig. 2: Radar image of Hurricane Hanna near 

the time that it made landfall [1] 

Fig. 8: A comparison of pre-Hanna (left) and post-Hanna (right) foredune structure overlayed 

with 1 m contours. 


