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Abstract

Introduction In recent decades, the potential of soil erosion as a serious threat against
sustainable land management (SLM) and soil sustainability has been recognized.
Furthermore, human-induced soil erosion, which has led to harmful environmental
effects and transportation of sediment to water bodies, is accompanied by loss of
nutrients and eutrophication. Therefore, there is a need to focus on soil erosion outcomes
to prevent its environmental impacts and mitigate the negative outcomes of soil erosion.
One of the most important factors that affect the amount of erosion and sediment yield is
soil erodibility (K-factor in USLE), which is an index of soil susceptibility. Moreover, K-
factor is one of the 6 effective factors on soil erosion in universal soil loss equation and
mainly representative of soil properties. Considering the difficulty of soil erodibility
measurement, we need to find an easily measurable parameter. In this study, soil
aggregate is used as an index of soil erodibility factor. Generally, topography alters from
one slope to another, which conduces to dramatic changes of soil erosion intensity.
Therefore, topography, in terms of geomorphometric parameters, is effective on soil
erosion processes. Morphometric analysis and soil erosion modeling are robustly
interconnected. Also, digital elevation model (DEM) is a base to extract
geomorphometric parameters and the quality of DEM is effective on geomorphometric
characteristics.

Methods and material This study was conducted with the aim of modelling the
aggregate stability using multivariate linear regression and K-means clustering algorithm
as an index of soil erodibility factor. For this purpose, a study area of approximately
20000 hectares was selected, which is located in Dehdez, northeast of Khuzestan
province. Based on the climatologic data, this area has xeric and thermic regimes. The
main land uses in this area include rangeland, where crop cover is mostly grasses, and
forest. Based on the purpose of this study and degree of homogeneity, the soil sampling
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was accomplished using completely randomized method. From each land use, 25 soil
samples were collected (the depth of soil sampling was 0-30 cm). Then, the soil samples
were prepared and the mean weight diameter (MWD), as an index of soil aggregate
stability, was measured in at least 3 replications using wet sieving, soil texture with
hydrometer method and organic carbon content. In another part of this project, the digital
elevation model (DEM) of the study area was extracted from SRTM (Shuttle radar
topographic mission) with the spatial resolution of 30 m. After DEM preparation, all
preprocessing operations were performed on DEM using Arc Hydro extension in ArcGIS
10.3 software in order to remove sinks and enhance the quality of DEM. In the next step,
the primary and secondary geomorphometric parameters were extracted from this DEM
using ArcGIS 10.3 and SAGA 6.3. softwares. Finally, multivariate linear regression and
K-means clustering models were developed between geomorphometric parameters and
soil properties, as dependent variables, and aggregate stability, as independent variable,
to achieve statistical indices in order to evaluate developed models.

Results and discussion Our results showed that there was a significant correlation
between some geomorphometric parameters and soil aggregate stability. Therefore, there
is a possibility to apply these parameters in order to parameterize aggregate stability.
Moreover, the results of the modelling indicate that regression models, using
geomorphometric parameters and soil properties, were able to cover approximately 75
and 70 percent of spatial variation of aggregate stability in the rangeland and forest land
use of the study area, respectively. On the other hand, clustering-regression models were
able to explain 77 and 82 percent of the spatial variation of the aggregates stability in the
first and second cluster, respectively. Also, the results of validation of developed models
in this study showed that the root mean square error (RMSE) of regression models for
rangeland and forest land use was 0.33 and 0.26, respectively, and RMSE of clustering-
regression models for first and second clusters was 0.93 and 0.62, respectively.
Considering the effect of soil aggregate stability on soil erodibility factor (K-factor) and
the difficulty of soil erodibility measurement, these developed models are useful tools to
predict soil erosion. Based on the distribution of soil erosion and deposition using STI
(Sediment transport index) and TWI (Topographical wetness index), these models might
be able to select and apply the best management practices in the critical areas. Indeed,
STl map and TWI map are indices of spatial distribution of soil erosion and deposition in
the studied area, and thus we are able to control soil erosion and its negative outcomes
using these geomorphometric indices.

Conclusion Regarding the difficulty of soil erodibility measurement, we used some
indices to simplify this process. Our results illustrated that it is possible to develop some
regression models in order to estimate aggregate stability as an index of soil erodibility.
In summary, our results confirm that geomorphometric parameters are easily available
parameters based on the DEM to predict soil erodibility.

Keywords: Digital elevation model (DEM), Geomorphometry, Modelling, Soil erosion,
Topographical indices
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Figure (2) Spatial distribution of sediment transport index (a) and topographic wetness index (b) in
the study area
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Table (4) Pearson’s correlation coefficients between soil aggregate stability and soil components

o S o ST sesle SIS gl
Sand Silt Clay oM Aggregate stability
0.520™ 0.397" -0.570* 0.164 Rangeland, cr
-0.193 0.159 0.044 0.498" Forest/ S
0.080 -0.055 -0.225 0.365" Totaly s

M))dgl‘JW‘&J}JJ‘)t.S:M##}M))@JL&‘CEM)J)‘JLSN*
*Significant at the probability level of 5% and ** Significant at the probability level of 1%

(N=0+) 235798590833 SUd piin 9 HIWTL- S5l (o U o (Shamod il o (0) S0
Table (5) Pearson s correlation coefficients between soil aggregate stability and geomorphometric

parameters
Koo H A G D Aggregate /:m_,\su. Sl
stability

-0.166 -0.039 -0.038 -0.210 -0.548™ Rangeland/ s »
-0.144 0.059 0.125 -0.029 -0.091 Forest/ <
-0.145 0.028 0.068 -0.115 -0.322° Total/ Js

STI TWI FLOWC K, ky Sl (gl
0.081 -0.093 -0.210 0.077 -0.176 Rangeland/ s »
-0.451° -0.056 -0.070 0.454° -0.040 Forest/ S
-0.291° -0.056 -0.138 0.292° -00.102 Total/ Js°

.»\..opé_gidkbick.uﬁ)hg#ﬁ, Mﬁ@dk}|d¢»ﬁ,l:@u“
*Significant at the probability level of 5% and ** Significant at the probability level of 1%
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2- Jaksik et al.
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Table (6) Regression models of soil aggregate stability for rangeland and forest land use

RMSE MAE A%jz' Regression equation/ s 8, s4lslxs Land /s .,
use

0.33 010 075" 0.65 — 0.72(D) + 0.79 (0C) + 1.6 (A) + 0.45 (ky) — 1.72(H) — 1.03(5ilt) 'cr
Rangeland

026 002 0795 _ 109(FLOWC) + 0.8 (0C) + 1.04 (&) —0.86(H) — 0.74(Sand) — 0.56(Silt) Forest/ K-

025 006 047 0.54 + 0.43 (0C) — 0.72(D) + 0.95 (4) — 0.87(H) — 0.52(6) Total/ s

*Significant at the probability level of 5% and ** Significant at the probability level 0f 1%  as s & ezt elans 53 Hls gan ™ 5 do s ey ez pebans 53 513 na

Lk}&lhﬁ)-ﬁwilk:ﬂMAE ‘c..l:..“\.p)::S"t ‘Cf‘:’ M)J:Sand GQJTUJ; OCAu_,.w)JA.’-u.a:-LZSTI ‘MQL_J’:Z FLOWC ‘vﬁlégtai‘:kvg@jduubiH 5g,:nZC~€>A‘g.A:&G ‘CUJ)HD
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Table (7) Prediction of soil aggregate stability using clustering-regression models

RMSE MAE Adzj' Regression equation/ g s 8, s4sta /a2

R Cluster

093 075 0777 1.48 (FLOWC) + 0.64 (D) — 1.51 (Kpgy) + 1.29(kp) — 1.36 (Silt) — (TWI) 1

062 038 0.82"_4 30 (FLOWC) — 0.73 (D) + 1.13(0C) — 0.95 (K., ) + 1.25(ky) + 0.57(STI) + 0.67(H) — 0.80 (G) 2
**Significant at the probability level of 1% A ys S0 Jlus! a3 s i an

‘cnl.:.».x.pp:Silt cuyJde&LZSTI 4&‘;ﬁjwua>uTW| 4‘5‘0"”_0[1;’ FLOWC gcla....antad‘ikp griu;hzilikvajflb ;L.'au"lkmax ‘gjquIH‘%%ZAt%IG‘CuSJ‘ZD
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