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Investigating the Algodones Dune Field of Southern California II: Using Geospatial Techniques

This study focuses on locating an ancient harbor(s) at Tel Akko, Israel, that has been abandoned and buried due to coastal progradation, windblown sand (aeolian), and �uvial sedi-
mentation. Tel Akko is an archaic site that has been identi�ed as a port city situated on the Haifa Bay in northwestern Israel (Fig 1). Currently, Tel Akko lies 700 meters inland from the 
Haifa Bay coastline (Artzy, 2006). Once positioned on both maritime and terrestrial routes, Tel Akko’s location is hypothesized to have been a vital harbor for trade during the Late 
Bronze age (1550-1200 B.C.E) through the Hellenistic period (323-32 B.C.E) (Morhange et al., 2018). As sea levels moderated in the Haifa Bay around 2050 B.C.E to 1050 B.C.E coastal 
progradation to the west began to occur (Fig. 2). Coastal progradation in this region occurs when Nilotic sediments reach the Mediterranean Sea and are carried northward by currents 
along the Levantine coast until they reach the Haifa Bay; from here westerly winds push the sediments into the bay at an angle and accumulate in a process called longshore drift (El-
yashiv et al, 2016; Zviley et al, 2007) (Figure 2). Zevulun Plain sedimentation cores support these claims by containing well-sorted quartz sands which are indicative of Nilotic sediments 
(Elyashiv et al., 2016). Furthermore, soil cores in the area also reveal �uvial deposition of clay and �ne silts from the Qishon and Na’aman rivers (Morhange et al, 2016) 
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The Eastern Algodones Dunes, located in the Sonoran Desert, Imperial county, Southern California, stretch 72 kilometers and are 9.7 
kilometers in width. The dunes were hypothesized to be a result of sediment blown from ancient Lake Cahuilla and are characterized 
by distinct regions: Glamis Beach, Gordon's Well, Buttercup, Midway, and Patton's Valley. The purpose of the research was to create 
a digital elevation model (DEM) of the sand starved dune complex by collecting aerial imagery using a DJI Phantom-4PG UAV. To 
improve overlap and tie points, the aerial imagery has a 75% front lap and a 65% side lap. The flight was flown at 50 meters above 
ground level and took 20 swaths overhead. To enhance the accuracy of the DEM, ten ground control points (GCPs) were collected 
using a REACH RS+ RTK GNSS receiver. In addition, a topographic survey was conducted using a TopCon laser leveler to more 
accurately geometrically correct the collected ground penetrating radar transects.
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The complex Algodones Dune Field is located in the ancient lake bed of Lake Cahuilla.Sediment from this area was picked up through 
aeolian transport and deposited through a strong wind regime. Several dune types exist but the simple crescentic dunes occur 
sporadically upon the eastern sand sheets of the Algodones (Kocurek and Nielson, 1986).To accurately depict the prevailing wind 
patterns of the dune field, several models of the dune needed to be created from aerial imagery. Further, the imagery must be 
geometrically corrected to decrease distortion of the models. Ground control points (GCPs) are used to improve the accuracy of the 
unmanned aerial vehicle’s (UAV) flight position to the ground. The precise location is important to the final products. Through the use 
of the UAV and a TopCon RL-H4C laser level, topography of the dune was created to assist the ground penetrating radar (GPR) 
model’s accuracy in collaboration with San Diego State University. 

Equipment Background 
The purpose of the data collection, was primarily to assist in the analysis and correction of a topographic model of the dune by creating Digital Surface (DSM) and Digital Elevation models 
(DEM) using the GCPs and aerial imagery, GPR, and topography data. The REACH RS+ RTK GNSS receiver, composed of a base and a rover, is a GPS system which surveys and maps the 
ground with local accuracy in centimeter precision. It is controlled through the application ReachView on a mobile device. Once the REACH base collects the points they can be downloaded 
as an ESRI shapefile, GEOJSON, CSV, or DXF. A DJI Phantom-4PG UAV flight was programmed through the application DroneDeploy on a mobile device. “The Phantom’s onboard camera
(DJI FC6310) with a focal length of 8.8 mm was set to a 4:3 aspect ratio or 4864 x 3648 pixel resolution” (Blanton, 2018). The TopCon RL-H4C laser leveler was used by a two-person team 
to read the topographic changes of the dune. One person was adjusting the height of the laser leveler through an audible signal, while the other recorded the data in their field notebook. When 
the tone of the leveler was solid the height was accurate (Field Notes, Delikowski, 2019). This topography was added to the GPR results in order to see the dune structure. 

Flight Method
Ten control points were dispersed throughout the flight path in order to decrease distortion 
and increase accuracy of the aerial imagery. The GCPs were marked on red plastic plates labeled 
with capital letters. The flight was taken at 11:30 am PCT, as the best time for flights is between 
11 am and 1 pm due to the sun being high in the sky, therefore, reducing the shadows on the imagery. 
“20 swaths were taken over the dune at 50 m above ground level (AGL). Automated flight mapping
app – DroneDeploy with 75% front lap and 65% side lap for image capture at a speed of 15 m/s” (Blanton, 2018). 
The higher the front lap and side lap percentage, the more tie points are taken; 75% is a good standard. The total flight time 
was 27 minutes. 

Data Processing 
The UAV data was imported into Pix4D mapper then processed to create an orthomosaic, DSM, DEM, and DEM with contour lines of the dune. This data was processed two separate 
times, once without GCPs and once with the GCPs. Within the Pix4D mapper software the accuracy of each model wascomputed and include quality control reports. The report accuracy 
between the datasets with and without GCPs were analyzed for comparison. Once this data creation was complete, it became a usable product for a variety of mapping applications such as 
ESRI ArcGIS, which can analyze these datasets further creation or be used in future opportunities for research application and projects. 

The orthomosaic model was layered with contour lines of the dune. 
Contour lines are used on topographic maps to represent the elevation 
along that line. This estimates what the elevation of the dune is for each 
area in the orthomosaic and can be referenced alongside the digital 
surface model (DSM). 

A digital elevation model (DEM) produces the bare ground surface elevation of 
the dune field, measured in meters. The GCPs are layered on top, symbolized by 
red points. In the DEM, the wind patterns’ direction of the dune are apparent, as
wind picks up sediment and deposits it when the energy of the wind can no 
longer carry it.  

A digital surface model (DSM) generates a visualization of the ground, including
buildings on the surface. The elevation measured in meters, is shown on a 
polychromatic scale, with the red regions representing higher elevation and blue
representing areas of lower elevation.

Looking at the quality of the four models shown in the results section above, the Pix4D mapper quality reports 
suggest there was little to no error between the dataset models’ accuracy without GCPs and with GCPs. The root 
mean square (RMS) error gives the accuracy between the two datasets. The aerial imagery with the ground 
control points should have a smaller root mean square error than the imagery without the GCPs, due to the tie 
points’ GPS coordinates being the same. A high RMS error would indicate that the two datasets have different 
coordinate systems or that complications may have occurred with the collecting of the GCPs themselves. The 
results suggest there was little to no error between the dataset models’ accuracy without GCPs and with GCPs. 
Therefore the models created using the two datasets should accurately depict the dunes topography.  

The eastern crescentic dunes located in the Algodones dune field, Southern California. The dune circled 
in black is the location of the study site. 
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An orthomosaic model stitches together aerial imagery using tie points 
to producea 3D photo of the terrain. The GCPs are layered on top, 
symbolized by red points.
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