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Abstract

This mini review presents the latest applications of Unoccupied Aircraft Systems (UAS) technology in soil
erosion mapping. The traditional soil erosion measurement approach is not only time-consuming and
labor-intensive but also it is challenging to understand the spatial distribution of sediment erosion and
deposition. The UAS based aerial mapping technologies are recently making it possible to perform precise
spatial modeling of rill and gully erosion process at a relatively low cost. This mini review summarizes
research topics of previous research as follows:

a) mapping and modeling of the soil surface in a fine spatial resolution,
b) volumetric estimation of gully and rill erosion,

) understanding the sediment transport process, and

d) prediction of future soil erosion based on UAS data.

Keywords: Soil erosion; Gully; Rill; Spatial analysis

Abbreviations: UAS: Unoccupied Aircraft Systems; DEM: Digital Elevation Model; ASTER: Advanced
Space-borne Thermal Emission and Reflection Radiometer; GIS: Geographical Information Systems; DSM:
Digital Surface Model

Introduction

Soil erosion negatively impacts crop yield, water quality, and resilience to natural
disasters [1,2]. It also causes considerable soil loss and soil degradation, directly influencing
crop growth, product quality, and field management [3]. As the soil provides such ecosystem
services critical for life on earth, practical monitoring tools to minimize soil erosion are
required. Advances of UAS, also known as Unmanned Aerial Vehicle (UAV) or drone, and
sensor technologies allow the acquisition of high spatiotemporal remotely sensed data that
are arduous in traditional remote sensing platforms. The UAS also provides unprecedented
opportunities to understand spatial characteristics and variability of soil erosion and
deposition on a field scale. In this mini review, we will discuss the limitations of traditional soil
erosion measurement methods and applications of UAS technologies in soil erosion mapping.

Field-based conventional measurement of soil erosion

The conventional approach of soil erosion and deposition mapping is built on the sampling
theory, in which research scientists measure soil erosion and deposition accurately on limited
sampling locations by installing graduated rulers or reference stakes and interpolate the
measurements to understand spatial variability [4-6]. This technique can easily observe the
elevation change in single or multiple locations. Still, the reliability and consistency of the
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point-based measurements can be decreased by the validity of the
measurement technique and the instability of individual observers.
In other approaches, we can use profile meter, pin meter, or roller
chain measurements to obtain line-based measurements of the soil
surface, and these profiling methods are popular in quantifying soil
erosion due to its convenience [7]. While both field investigation
methods facilitate quick soil surface measurements, these
conventional methods can become time-consuming and labor-
intensive depending on the size and accessibility of the target area.

Modeling of soil erosion using remote sensing and GIS

The conventional soil erosion measurements are mostly based
on limited sampling observations and often fail to represent the
spatial variability of the soil erosion in the field. To address this
issue, research scientists developed another approach to estimate
soil loss by feeding information such as rainfall, hill and slope,
catchment area to soil erosion models [8]. Remote sensing is often
the primary source of such information as we can generate national
scale land cover, elevation, and vegetation index map from satellite
imageries [9]. Patil etal. [10] utilized Digital Elevation Model (DEM),
generated from the Advanced Space-borne Thermal Emission
and Reflection Radiometer (ASTER) data, to determine the flow
direction of surface runoff and used that information to create soil
erosion models. Rawat et al. [11] also demonstrated that remote
sensing and Geographical Information Systems (GIS) technologies
could provide accurate and timely information on various aspects
of watersheds such as land use, soil distribution, relief, slope, and
drainage characteristics for the soil erosion modeling. Although
remote sensing data and GIS can play essential roles in the soil
erosion models, it is still needed to address the limitations of the
modeling approach. For example, outcomes of the modeling results
are in relatively coarse spatial resolution as it is often challenging
to obtain a fine spatial resolution terrain map. Besides, input data
required for the developed surface models are usually limited to
low temporal resolution due to platforms and weather conditions,
and it is challenging to model quickly changing environments.

The current status of UAS based soil erosion mapping

UAS technology combined with structure from motion (SfM)
algorithm has become a cost-effective tool to generate very high
resolution (VHR) orthomosaic image and digital surface model
(DSM) thanks to its versatility and accuracy. SfM generally refers to
a photogrammetry workflow that reconstructs 3D object surface by
matching spatially adjacent images, estimating sensor parameters,
and generating surface models and orthorectified images [12]. Since
fine spatial resolution data generated from the UAS provide greater
interpretation accuracy for soil erosion/deposition [13], UAS based
aerial mapping can lead to a microscopic characterization of terrain
and a better understanding of soil erosion/deposition over a large
area. Although scientists used the UAS based technology to detect
gully and deep rill erosion over an area that ranges between 0.5 and
800 hectares [4,6,14-16], surface erosion with a limited elevation
change (diffuse, sheet, or rill erosion) can be hardly detected by
comparison of the successively acquired DSM [4]. UAS based Light
detection and ranging (LiDAR) can be a solution to this problem.

Although the LiDAR system can be a very effective solution to obtain
a finer DSM for soil erosion mapping, the UAS based LiDAR system
for soil erosion mapping in the agricultural area has not been fully
exploited yet. Gully or rill profiles extracted from the DSM can
also be used to reveal the geomorphological characteristics of soil
erosion. Gongetal. [17] and Stocker et al. [14] identified gully width,
depth, and cross-section area along the manually assigned profile
lines. One can estimate the volume of gully erosion by subtracting
DSM from a hypothetical surface that smoothly encloses the upper
ends of gully walls [18-20]. Researchers also implemented rill/
gully edge detection algorithms by applying Canny edge filter to
the orthomosaic images to extract the axis of rill as well as various
geomorphological features of soil erosion [16].

DEM of difference (DoD) is a commonly used multi-temporal
surface elevation analysis. In the DoD, we can compute the amount
of soil erosion/deposition by subtracting the DSM of an earlier
date from that of a later date. Experimental results reported that
the RMSE of surface elevation from the conventional erosion
monitoring techniques or LiDAR DSM was 0.4-1.3cm. Therefore,
it is indicated that soil erosion and deposition significantly higher
than the RMSE value can be visually observed and successfully
quantified [6,16]. Other studies demonstrated that we could use the
summation of the DoD layer pixels in the spatial extent to estimate
cumulative soil loss [12,17]. UAS/SfM based DSM also enables
hydrological interpretation of surface erosion [4,17,18]. Hydrologic
analyses such as flow direction, flow accumulation, and watershed
analysis are useful not only to detect gullies and rills but also to
delineate the natural geomorphological boundary of soil erosion in
the catchment area or watershed basis.

Significant geomorphological features were extracted from
UAS based orthomosaic and DSM images to predict surface erosion
[15,17]. This information was input to the machine learning models
to estimate gully headcut locations and surface elevation change.
Land cover and land use information is also an important factor
that governs soil erosion on a natural landscape [15,21]. Research
scientists started to use UAS equipped with advanced multispectral
and hyperspectral sensors to extract enhanced information such
as land use and vegetation index for reliable soil erosion and
deposition assessment in a complex and heterogeneous landscape
[22]. Some studies investigated the appropriate number of ground
control points (GCP) and the necessity of ground-based photos for
precise modeling of gullies with overhang edges [6,14]. Kaiser et al.
[12] suggested using naturally existing GCPs to co-register multi-
temporal ground surface models, which can save time and cost for
GCP surveying when the area of interest is difficult to access.

Summary and Conclusion

Current UAS technology combined with SfM is gaining significant
attention from the soil science community as it can provide an
easy-to-use and complete system to map topography in an ultra-
fine spatial resolution at a relatively low cost. Unlike conventional
techniques for estimating soil erosion, UAS/SfM based aerial
mapping technology has the capability of measuring topographic
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surface elevation changes for soil erosion and deposition mapping.
UAS/SfM based aerial mapping technology will allow

a) mapping surface level change in spatial extent,
b) estimating cumulative soil erosion or deposition, and
c) predicting potential area prone to soil erosion.

Future research should further extend the current capability of
UAS-based approaches for diffuse soil erosion and the development
of decision support systems for mitigation measures such as ditches
or fascines. Although UAS for soil erosion mapping is still in the
beginning stage, it possesses enormous potential for sustainable
agriculture and soil fertility management.
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