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1 - Geomorphological mapping
2 - Heuristic (index-based)

3 - Analysis of inventories

4 - Statistical modeling

5 - Process based
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Figure 1- Location of study area.
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Table 1- Factors influencing on soil erosion by water and wind

Water erosion

Wind erosion

Data source and software

DEM, Elevation, Slope,

Dem, Elevation, Slope,

https://earthexplorer.usgs.gov/

Profile Aspect ArcGIS

Stream power index,

Topographic wetness index, Roughness coefficient SAGA GIS
Roughness coefficient

Clay, il Sand. Buk e

density, Coarse fragment, Y £ ’ https://soilgrids.org/

Organic carbon

Organic carbon, Cation
exchange capacity, Nitrogen

https://cds.climate.copernicus.eu/

Soil moisture Wind speed

NDVI NDVI

Lithology, Land use, .

Distance from river Lithology, land use
Precipitation

and https://earthexplorer.usgs.gov/
Iran Watershed Management and Natural
Resource Organization

https:// worldclim.org/
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Figure 2- Map of water and wind erosion points.
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6 - Multivariate Adaptive Regression Spline
7 - Spline regression

8 - Stepwise model fitting

9 - Recursive partitioning

10 - Basis functions

11 - Generalized Cross Validation
12 - Residual Sum of Squares

13 - Tolerance

14- Variance inflation factor

15 - Random forest

16 - Support vector machines
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Figure 3- Feature selected for water and wind erosion.
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Figure 4 (a)- Features selected for modelling of water and wind erosion.
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Figure 4 (b)- Features selected for modelling of water and wind erosion.
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Figure 4 (c)- Features selected for modelling of water and wind erosion.
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Table 2- The results of multicollinearity test for water erosion.

Multicollinearity test

Feature TC VIF

TWI 0.371 2.689
Roughness 0.125 8.542
Slope 0.146 8.082
Clay 0.473 2.115
Coarse fragment 0.115 8.684
Aspect 0.983 1.017
Aspect 0.273 3.663
Land use 0.304 3.287
Lithology 0.566 1.767
NDVI 0.67 1.493
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Table 3- The results of multicollinearity test for wind erosion.

Multocollinearity

Feature

TC VIF
Aspect 0.937 1.068
Bulk density 0.546 1.83
CEC 0.416 2.405
DEM 0.182 5.504
Land use 0.626 1.597
Lithology 0.678 1.475
NDVI 0.459 2.177
Slope 0.528 1.895
Clay 0.721 1.388
Nitrogen 0.649 1.541
Wind wpeed 0.226 4.428
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Figure 5- Maps of land susceptibility to wind erosion by RF and SVM models.
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Figure 6: Maps of land susceptibility to water erosion by RF and SVM models.
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Table 4- Area and percent of land susceptibility classes to water erosion.

RF model

Susceptibility class

Area (ha) Area (%)

Low 292354.4 9.3

Moderate 766298 24.6
High 900721.6 28.6
Very high 1186699 37.7

SVM model
Area (ha) Area (%)
180233 5.729
592503.2 18.833
903167.6  28.708

1470192.6  46.731

60 i lw 38 & Cawlue b b Coluw wo o g Coluw -0 Joue

Table 5: Area and percent of land susceptibility classes to wind erosion.

S RF model SVM model
Susceptibility class
Area (ha) Area (%) Area(ha) Area (%)
Low 424463.5 13.5 1537995.3 48.9
Moderate 1240209.7 394 703912.4 224
High 571396 18.2 361622 11.5
Very high 910113 28.9 542859 17.25
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Figure 7- ROC for wind and water erosion.

S ol 0,5 40 aldts 4 gl oo soliswl s Juw AUC glaojluil ¢ Jgu

Table 6: AUC values for models used to map soil erosion.

Confidence level

Model Ave Sp Sig level Low level Upper level
Wind erosion RF model 0.992 0.004 0.000 0.983 1
SVM model 0.874 0.028 0.000 0.818 0.929
Water erosion RF model 0.923 0.037 0.000 0.852 0.995
SVM model 0.961 0.02 0.000 0.922 1
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Figure 8- Integrated map of soil erosion by water and wind.
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Table 7- Area of classes for integrated map of soil erosion.

Water erosion

Wind erosion

Area (ha) Area (%)

low susceptibility

low susceptibility

low susceptibility

low susceptibility
Moderate susceptibility
Moderate susceptibility
Moderate susceptibility
Moderate susceptibility
High susceptibility
High susceptibility
High susceptibility
High susceptibility
Very high susceptibility
Very high susceptibility
Very high susceptibility
Very high susceptibility

Low susceptibility
Moderate susceptibility
High susceptibility
Very high susceptibility
Low susceptibility
Moderate susceptibility
High susceptibility
Very high susceptibility
Low susceptibility
Moderate susceptibility
High susceptibility
Very high susceptibility
Low susceptibility
Moderate susceptibility
High susceptibility
Very high susceptibility

239619.3 7.62
3875253 12.32
343184.5 10.9
566112.3 18
45254 1.44
131702 4.2
272468.1 8.67
254240.1 8.1
7107.5 0.23
125403 4
105578.6 34
123483.6 39
57 0.002
121190.2 3.85
178956.2 5.7
242632.8 7.7
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Extended Abstract

Introduction and objective

Soil erosion by water and wind is one of the biggest environmental threats worldwide which it has
various negative consequences such as soil degradation, mitigation of soil fertility, depletion of
nutrients and micro-elements, degradation of soil structure, dust storms, reservoir siltation, and etc. on
the natural and anthropogenic ecosystems. Therefore, accurate information of land susceptibility to
soil erosion hazard by water and wind, and production of spatial maps of these hazards are necessary
for mitigation of their consequences. Therefore, the goal of this research is application of two machine
learning models for the spatial modelling of water and wind erosion in the Bakhtegan basin, Fars
province.

Materials and methods

In order to generate the spatial maps of soil erosion by water and wind, we have used 20 and 16
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effective factors on water and wind erosion, respectively. Before the modelling stage, the multivariate
adaptive regression spline (MARS) feature selection algorithm and multicollinearity test were used
to identify the most important factors controlling water and wind erosion. In next stage, two random
forest and support vector learning machine techniques were applied to model soil erosion. Area under
curve (AUC) was applied to assess the model performance.

Result and discussion

According to results, land use, slope, lithology, roughness, coarse fragment, clay, vegetation
cover, aspect, soil bulk density and topographic wetness index were identified as the most important
factors controlling water erosion. The most important factors controlling wind erosion are including
elevation, land use, wind speed, slope, vegetation cover, soil nitrogen, cation exchange capacity,
lithology, aspect, clay and bulk density. The AUC value for wind erosion map generated by random
forest model was 99, and for water erosion map produced by support vector machine is 96. Finally, we
integrated two maps and results indicate an area of study area about 18% has very high susceptibility
to wind erosion and low susceptibility to water erosion.

Conclusion and suggestions

Due to study area has several lakes consisting of Bakhtegan, Maharlo and Tashk, and also
several dams, it is so important to supply water for different purposes such as drinking, agricultural,
industry and environment. In case of not paying attention to this challenge especially wind erosion in
the study area, this case study especially dried beds for lakes can play as sources for generating dust
particles. Therefore, the findings of this research can use by managers to mitigate negative effects of this
phenomena.

Key Words: Area under curve (AUC), Bakhtegan basin, multivariate adaptive regression spline (MARS),
random forest (RF), support vector machine (SVM) model



