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Introduction: Remote sensing, especially from 

Synthetic Aperture RADAR (SAR) imaging, can reveal 

the roughness of surfaces on the Earth and other plane-

tary bodies. Various geological features and terrains are 

known to have unique, small-scale topography and can 

be identified by their roughness in SAR images at the 

scale of the RADAR wavelength [1, 2]. Validation of 

the relationship between radar reflectivity and geomet-

ric roughness (also relevant for eolian processes [3]) re-

quires measurements in the field. Here we obtain multi-

ple overlapping images with a handheld camera during 

the Europlanet 2018 campaign [4] to derive a 3D spatial 

model at several sites a few meters across in a particu-

larly flat, arid region, the Danakil desert of Northeastern 

Ethiopia.  

The presence of vast salt flats in this region from ex-

tension and ephemeral fluid filling means that the exten-

sively flat surface may manifest in nonimaging micro-

wave data (such as scatterometer and radiometer obser-

vations) to facilitate the interpretation of similar data 

from planetary missions. 

Materials and Methods: A variety of sites across 

the Danakil were imaged using a handheld digital cam-

era. To obtain local elevation variations at each site, a 

fiducial marker was placed on the surface and a series 

of photos were taken 360 degrees around the marker 

from shoulder height at two different distances from the 

marker, ~3 m and ~10 m (Fig. 1). 

 
Figure 1: Image of Flat 9 

Each image group was then loaded into the software 

program Agisoft PhotoScan Pro to create digital eleva-

tion models (DEM). The shadows that existed in some 

of the photos were subtracted from the image. The pho-

tos were then aligned in Agisoft to position and orient 

each photo to build a sparse point cloud model, from 

which a dense point cloud was then built. A coordinate  

system was created using the image marker, and using  

the size and shape of the marker, quantitative data could 

then be extracted from the photos to build an elevation 

model of each the different surfaces (Fig 2). After sub-

tracting any slope plane from the surface, the dense 

(x,y,z) point cloud data was exported to MATLAB 

(Fig.3) to calculate the standard deviation of the z posi-

tions as a measure of roughness for each flat [1, 5]. 

 
Figure 2: DEM of Flat 9 created in Agisoft PhotoScan. 

 
Figure 3: 3-D surface plot, made in MATLAB, using the point 

cloud of Flat 9.   

 
Figure 4: Sentinel – 1B SAR map of a subset of the studied 

regions in the Danakil Depression 

Sentinel-1B SAR images were found of the Danakil 

Depression (Fig. 4) acquired during the same week in 

which the handheld images of the flats were taken. The 

Sentinel-1B images are C-Band frequency, which 

shows roughness at sizes of 4-7 cm. Raster values or 
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roughness values for each flat were found using these 

SAR images. 

Results: The results and data for four of the 17 stud-

ied flats analyzed to date are as follows: 

Flat 1: A salt flat that appeared to be slightly rougher 

visually, and that had a height standard deviation of 0.45 

cm (Fig. 5) and a radar C-band raster value of 137. 

 
Figure 5: DEM and image of Flat 1. 

Flat 6: A rocky, pebbled alluvial fan terrain that had a 

standard deviation of 2.01 cm (Fig. 6)  and a raster value 

of 172.  

 
Figure 6: DEM and image of Flat 6. 

Flat 9: A salt flat near and similar to Flat 1 with high 

polygon edges that had a higher standard deviation of 

1.8 cm and a raster value of 107. Note the remarkably 

regular spacing of the ridges, and the very flat surfaces 

between – casual visual observations show strongly 

specular reflections from these surfaces at low sun ele-

vations (Fig. 1, 2, 3). 

Flat 11:  A sandy flat that is generally smooth (Fig. 7) 

was found to have a height standard deviation of 1.11 

cm and a raster value of 131.  

Discussion: The roughness seen visually in the field 

correlates with the calculated roughness based on the  

DEMs that were made from images from the field. 

However, the roughness calculated based on the DEMs  

 

 
Figure 7: DEM and image of Flat 11 

made from images taken in the field and the SAR rough-

ness values in a few cases gave conflicting results. This 

inconsistency may be due to a few different issues. One  

factor could be that the method of calculating the height 

standard deviation of the DEM created from the 

handheld images assumes that the computer generated 

terrain is perfectly level. However, if this is not true, the 

surface may appear to more bright to radar. It also seems 

that flats with ripples or edges (Fig. 1, 2, 7) appear 

brighter in radar than what roughness calculations from 

the field would suggest. This is possibly due to the scat-

tering surface (i.e., ripples or edges) facing the SAR in-

strument, sending back the radar signal to give the im-

pression of roughness. The inconsistency may also be 

due to the wavelength range of the RADAR . 

 Conclusion:  Preliminary research shows that the 

elevation models built from images of these flats in 

Ethiopia represent and quantify the roughness of the 

area well. If these roughness calculations are relevant to 

the geological processes of other planets then this study 

will give us a better understanding of locations on other 

planets that we see as flat in remote sensing imagery. 
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