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Abstract

Soil crusting is one of the degradation features which causes to decrease the land quality. To fix the
crises due to soil crusting, it is therefore needed to identify the degraded areas and improve soil resource
management. Since the soil properties have a spatial continuity, providing the digital maps using
environmental covariates could be an interesting issue to study the spatial distribution. For this, a total
of 107 soil samples were randomly taken over the East Azerbaijan Province, subsequently soil crusting
index was calculated based on FAO method. To predict the soil crusting index across the study area,
two models i.e., random forests (RF) and multiple linear regression (MLR) within the R programming
environment using the data derived from digital elevation model (DEM) (18 indices) as well as remote
sensing (eight indices) were evaluated. Results showed that the calculated soil crusting index for the
entire study area varied from 0.07 to 2.25. Based on the results, RF was superior to MLR when using
DEM-derived data, while MLR was distinguished as a parsimonious model when using RS data. It is
concluded that selection of the best-fit model mainly depends on the available soil and covariates data
used in modelling. Despite somewhat differences in pixel values between provided maps by the relevant
models, the final maps demonstrated a similar trend. Generally, based on the results, the highest soil
crusting index was found for west and central part of province, followed by south-eastern and north-
eastern areas. The provided maps show that the forest and pasture areas have low value of crusting index,
while the cultivated and miscellaneous lands were in the following orders which was consistent with
field observations. This research further supports the importance of the digital soil mapping (DSM)
technique in soil resources management.
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2- Random Forest (RF)
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Figure 2. DEM of East Azerbaijan Province associated with sampling points
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Table 1. The used DEM-derived data for predict soil crusting index

Type Index
Topographic .
Aspect Slope Position Index Elevation
Plan Curvature Profile Curvature Total Curvature General
Morphometry Curvature
Flow Line Multiresolution Multiresolution
Valley Depth Curvature Index of The Ridge Index of Valley
Top Flatness Bottom Flatness
Catchment Modified Topographic
Hydrology Slope Catchment Area Catchment Area Wetness Index
Channel Strahler Order Flow Direction
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Table 2. The used remotely sensed data for predict soil crusting index

Type Description Environmental covariates

Normalized Difference Vegetation
(NIR - Red) / (NIR + Red) Index (NDVI)

Visible Atmospherically Resistant
Index (VARI)

Soil Adjusted Vegetation Index
(SAVI)

Normalized Difference Moisture

Index (NDMI)

Water indices Modified Normalized Difference
(Green — SWIR1) / (Green + SWIR1) Water Index (MNDWI)

Soil and vegetation

indices (Green - Red) / (Green + Red - Blue)

((NIR - Red) / (NIR + Red + L*)) x (1 + L)

(NIR = SWIR1) / (NIR + SWIR1)

Landscape indices (NIR — SWIR2) / (NIR + SWIR2) Normalized Burn Ratio (NBR)
Geologcal ndies T SWIRL SWiRz Clay Mineras Rt (CMR)
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Table 3. Statistical description of soil crusting index and used soil properties in calculating index
Min Max Mean SD CV (%)
Clay (%) 6.5 67 29.14 11.4 39.27
Silt (%) 75 51.75 28.11 9.2 32.85
Sand (%) 1 83.5 42.74 16.7 39.04
OM (%) 0.12 13.02 2.58 2.2 85.2
le 0.07 2.25 0.83 0.35 42.5

l¢: Crusting Index
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Figure 3. Raster map of DEM-derived data
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Figure 4. Remotely sensed data acquired from Landsat-8 OLI
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Table 4. The performance of RF and MLR to predicting the spatial distribution of crust index using various
environmental covariates

Calibration (80 samples)

Validation (27 samples)

Model Data Source - -
R? CcC RMSE  Bias R? CCC RMSE Bias
DEM 0.92 0.84 0.08 0 0.19 0.25 0.19 -0.06
Random Forest
RS 0.88 0.82 0.088 0 0.07 0.18 0.19 0.06
Multiple Linear DEM 0.42 0.59 0.14 0 0.01 0.01 0.29 -0.08
Regression RS 0.17 0.3 0.01 -2.33 0.12 0.21 0.19 0.07
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Figure 5. The ranking of environmental covariates importance used in this study with application of RF

model
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Figure 6. Spatial distribution maps of soil crust index: A) using RF model and DEM-derived data, B) using
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