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4. Piping erosion

5. Gully erosion

6. Mass movement

7. Endogenetic

8. Exogenetic

9. Polygenetic Processes
10. Spatial Pattern
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Fig 1. The location map of the study region in Iran (a), Golestan province (b), and study area (c)
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2. Pix4d
3. DGPS
4. Fixed-Wing
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Fig 2. An example of piping erosion (a), gully erosion (b), and (c) mass movements in the study area
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3. Univariate Functions
4. Bivariate Funnctions
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Fig 3. The view of a fixed wing UAVs used for

aerial drone surveys in July 2019
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Fig 4. The overview of different types of spatial patterns [20]

1. PTK, Real-Time Kinematic
2. IMU, Inertial Measurement Unit
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Fig 6. The location of soil landforms obtained from a fixed
wing UAV image in 2019
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Fig 9. Mark correlation function to determine the effect of slope on the spatial distribution of piping erosion (a), gully erosion

(b), and mass movements (c)
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Abstract

Piping erosion, gully erosion, and mass movement have complexity that the best way to comprehensively
identify them is to use new statistical tools. The purpose of this study is spatial analysis of soil landforms
based on spatial statistics and field studies. In this research, a digital elevation model was prepared. Then,
the spatial pattern and interaction of the three soil landforms were investigated and the spatial effect of
slope degree was analyzed on the spatial distributions of them. The results showed the pair correlation
function (g(r)) was clustered for both piping erosion and gully erosion. However, it was dispersed for mass
movements up to spatial distance of 140 m. The bivariate statistic (g12(r)) showed there is a significantly
positive correlation between gully erosion and piping erosion. The correlation between mass movements

with each of gullies and piping erosions were positive at the near distances.

Keywords: Summary statistics, UAV, Mass movements, Gully ersion, Piping erosion, Loess deposits
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