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*
IMPLICATION/DISCUSSION:
The results have several implication (in our opinion) on how we, as geomorphologists, view and conceptualize processes and quantify metrics essential to geomorphology. These and maybe more implications we would like to discuss with you. You can meet us in the Chat, Monday 26th April 9-12:30h, or contact us via the networking tool and email (anne.voigtlaender@gfz-potsdam.de) 


*
RESULT:
Steep relief landscapes we are interested in, like Yosemite Valley, California, U.S.A., are no Gaussian hills. But we can apply the same analysis to a real world example, here a 2.25 by 3km DEM of the Half Dome and its surroundings. The slope distributions (normalized by planform and weighted surface area) as well as mean hillslope angles are given for several grid resolutions. The given surface area is calculated for the highest resolution of 0.5m, and is nearly double in the weighted compared to the planform approach. Notable is that the mean hillslope angle in the planform representation is not very sensitive to the grid resolution and centres around 32 degrees, while in the weighted surface area the mean hillslope angle varies by more than 15 degrees due to the grid resolution. The lowest value of 37 degree at 128m grid resolution is still higher than any planform mean hillslope angle. The overall slope distribution in the planform can be characterized as unimodal, which is generally expected in geomorphologic domain interpretations. The pattern of the surface area–slope distribution shows different and multi-modal patterns by resolution. This could indicate several process domains in conjunction with specific spatial domains.

*
Comment
TEST-SLOPE DISTRIBUTION:
If we take the slope distribution of the Gaussian hill, normalized to the planform (2D) and the surface (3D) area, we observe substantial differences. An often applied metric, as for example the mean hillslope angle, would even be shifted by more than 10 degrees. 

*
Comment
TEST-SURFACE AREA:
To test by how much the biases affect surface area and slope distributions, we use a mathematical landscape, a Gaussian Hill. Unlike real world examples, we can solve numerically for the analytical solution of the surface area. The planform surface area is the standard one implemented in most GIS software. As a possible simple solution to the representation bias we invert the projection bias to weight the surface area by its slope. In the here shown example of a 4x4x4 Gaussian hill with a resolution of 4000x4000px, the analytical surface area is nearly double the planform area. The weighted surface area is nearly the same as the analytical. This shows us, that the projection bias actually matters and that our proposed solution results in a good approximation of the 3D surface area. 

*
Comment
CAUSE-PROJECTION:
In a simple trigonometric exercise, we can see that slope and surface area are both relative metrices depending on resolution and the elevation/vertical component. The representation of the surface area is biased due to the projection of 3D information onto a 2D space. The amount by which the surface area is underrepresented is by x/cos (hillslope angle). At a hillslope angle of 30 degrees the surface area is underrepresented by >10 % and at steep slopes of 60 degrees only half of the surface area is represented in reference to the planform area. Consequently, if a given slope distribution is normalize to the planform area, the mean as well as the distribution pattern is skewed to slower slope angles. 

*
Comment
CAUSE-REPRESENTATION/RESOLUTION: 
We want to illustrate this with a simple example of a fractal, ‘Koch’ curve. The fractal dimension we translate into resolution and the increase in roughness of the curve. The planform length in all dimensions is 3. The length of the Koch-curve increases with higher dimension/resolution (r1: 4, r2: 5.3, r3: 7.1). The slope distribution per length varies depending on if the planform or the surface length is used to normalize it. 

*
Comment
CAUSE:
The cause for these biases are that the surfaces we investigate are no planforms. Thus, the projection of topography on planforms and representation in gridded Digital Elevation Models (DEMs) carry biases. The biases are also interlinked. 


*
Comment
BIAS:
Virtual, remote, nadir views on surfaces suggests a gentle and rather flat appearance of the morphological features on Earth or other planets. This image is contested by our experience of field work and ground-truthing in steep terrains (in pre-COVID times). We identified 3 biases if we query gridded Digital Elevation Models (DEMs) for geomorphic metrics: Resolution – Representation – Projection.





