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Abstract: Soil erosion is a critical issue in agricultural ecosystems, with the soil erodibility factor (K)
being a key indicator of erosion susceptibility. This study aimed to map the spatial distribution of the
K-factor in part of the Sistan Plain, using digital soil mapping techniques. Soil samples from 460 points
were analyzed for properties influencing K-factor, including texture, organic matter, structure, and
permeability. Four scenarios combining geostatistical methods (ordinary kriging (OK) and ordinary co-
kriging (OCK) with topographic and remote sensing variables were evaluated. Results showed that the
OCK model integrated with topographic parameters (S1) achieved the highest accuracy (RMSE =
0.016). The K-factor ranged from 0.007 to 0.11 ton/MJ h/mm, with over 60% of the area classified as
highly erodible, particularly in the north, northeast, west, and southwest regions. Soil texture,
dominated by loam and silt loam, and low organic matter content contributed to high erodibility. The
study highlights the effectiveness of combining geostatistical methods with environmental variables for
erosion risk mapping and emphasizes the need for periodic monitoring and soil conservation planning
in the Sistan Plain.
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Introduction: Soil erosion is one of the most important aspects of soil and land degradation in agricultural
ecosystems and natural resources. The soil erodibility factor (K) in the universal soil loss equation is one of the
main influencing factors, indicating the sensitivity of soil to erosion. Today, digital soil mapping has become a
powerful method for modeling and presenting accurate soil information and helping to make constructive decisions
in the field of precision agriculture and environmental activities. One of the common methods of DSM are the
geostatistical methods that have been developed and expanded in the past few decades and researchers have paid
a lot of attention to them to describe the spatial changes of soil properties. Therefore, preparing a map of this factor
using digital mapping techniques can provide very important information regarding the identification of areas at
risk of erosion for users and land managers. Thus, the present study was conducted with the aim of preparing
spatial distribution maps of K-factor in part of the Sistan plain.

Methodology: The studied area, with an area of about 235,000 hectares, includes a part of the Sistan plain in the
east of Iran and in the north of Sistan and Baluchistan province, located on the Hirmand river delta. The soils are
from young development (Entisols) to low to medium development (Aridisols) and in terms of moisture and
thermal regime, they are aridic. and hyperthermic. Field studies included sampling from 460 points of the surface
soil layer (0-15 cm) using a supervised random method covering the regions of Zabol, Hirmand, Zahak, Nimruz
and Hamoun. The characteristics related to the estimation of K-factor (clay, silt, sand, very fine sand, organic
matter, structural class and permeability class) were measured based on standard laboratory methods. To prepare

57


https://doi.org/10.22034/ijwer.2025.515438.1074
mailto:shahriari.ali@uoz.ac.ir

Determining the effect of environmental variables on water erodibility Hoseinbor et al.

digital maps of K-factor, four scenarios along with two geostatistical methods, ordinary co-kriging (OCK) and
ordinary kriging (OK), were used. The four scenarios included S1: OCK model + topographic parameters, S2:
OCK model + remote sensing parameters (I), S3: OCK model + remote sensing parameters (II) and S4: only using
the OK model. It is worth mentioning that the topography and remote sensing variables are extracted from the
digital height model (DEM) with a resolution of 12.5 meters from ALOS-PALSAR satellite and images from
Sentinel 1 and Sentinel 2 as auxiliary variables.

Results and Discussion: The results showed that the average of sand, very fine sand, silt and clay in the soils is
41.7,17,41.6 and 16.67%, respectively. Also, the average organic matter in the soil was measured at 0.98%, which
is in the low content class. The highest amount of K factor calculated in the studied area was 0.11 and the lowest
was 0.007 (with an average of 0.06) ton/MJ h/mm, which indicates the high erodibility of the soil in the area. The
main textural classes of the studied soils were in three classes: Loam, Silt Loam and Sandy Loam (more than 80%
of the samples) and other classes had a small share. It seems that in the soil texture classes with the dominant
amount of silt, mainly the amount of clay and organic matter decreases, and this increases the erodibility of the
soil. The results of fitting the experimental semivariograms showed that the exponential model had the highest
efficiency compared to the others, and the spatial autocorrelation class for the four scenarios under review was
strong except for OK. The results of the accuracy assessment of predictions showed that the first scenario (S1),
which combined OCK and topographic attributes (S1: diffuse insolation, relative slope position, valley depth), had
higher accuracy and lower error (0.016 = RMSE) compared to the other three scenarios (S2: combination of
Sentinel-1 bands and NDVI; S3: NDVI, SAVI, IPVI; S4: OK). Statistical description of the data indicated that
more than 60% of the data fell into the very high erodibility class, followed by 23% in the high erodibility class,
indicating that the spatial distribution maps show that in most areas of the region, especially the north, northeast,
west, and southwest, soils have very critical conditions in terms of erosion sensitivity, which should be prioritized
in soil management and conservation planning.

Conclusion The present research was conducted with the aim of investigating the role of environmental variables
in the preparation of the K-factor prediction map along with the use of COK and OK geostatistical models in a
large part of the Sistan Plain. The results showed that the COK model combined with topographic auxiliary
variables (extracted from DEM) had the highest accuracy value based on the index provided statistics. Also, the
results showed that the changes in the K-factor are in line with the changes in the soil particles size in the region,
and their changes in the Sistan plain depend on its geomorphic features (floodplain and delta) and coincide with
the changes in the sedimentation regime of the Hirmand River and its branches in the plain. Additionally, due to
the unstable geomorphological conditions of the Sistan plain, conducting periodic studies aimed at monitoring the
temporal changes of this factor using other spatial modeling approaches such as machine learning algorithms is
recommended for the future.

© 2023 University of Zabol, Zabol, Iran.
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Table 1 Estimation of soil structure class to calculate K-
factor (Renard et al., 1997)

Structure Type Structure Class
Very fine granular: 1-2 mm 1
Fine granular: 2—-5 mm 2
Medium or coarse granular:
3
5-10 mm
Blocky, platy or massive: >10 4
mm

Y

ooliswld g0 SoS gl yuicio -F-Y

Gl syl

slopite jladlaie Kopoish Sle ilu]ose ln
98y Joe leadglmal el 5 SIS0y
sk 5 el gl o ke 1 e VY1 05 L £l
SAGA 38l 5 Lo ¥ it 5V iwiios (gloo lsalo
23,8 oolaiwl (SaS gl puiiin ylgreas (F/V azxus) GIS
&y 5l eSS ny slepsie ad l G e
SAGA GIS jl38ls 55,5 5950 (Fill-Sink) (yijls oo
Jold gl (098 Joe )3 99290 slalla momad sl

e Jsbo 3 (Jo3 ol Lad> 5 o 859,835
(Wang & Liu, 2006) o oolazwl - >

399l e ooty

6‘]3 Y 9 \ M Lg‘o)yﬁl.o J.g.jl.a.? )‘ axllas u.g“ ).)
pobai ol eolaul o3l i sl asle 7Sl



Ol)SoR gy pmm SRl o Gl piio p3 U et

\\....___ . ___.._.e’ ' r ﬁ
Firststep ep
Soil database, field Q & ‘ Environmental

survey & E s Te covariates

Lahoratory : -
x analysis ‘ ‘ 4 WWnsing

[ SOM. Structure. DIF, NDVL, SAVL
Permeability. PSD VV*VH, IPVI
_____ A .
. $1:0rdi | N
Modefmg scenanos Co- Kii‘gﬁ:fq?f .
- Geostatistical methods Topograpghy l
y |
! [ s20mnary | |
1 _ Co-Knging+ )
of 3 RS |
I “Evaluation of the Quality of oy )
Experimental )
i . semi variograms" . $3.:Ordinary ) |
. . Co-Kriging+ |
| RS
- AN A I

-— .

1 Thlrd step ‘ S4:0rdinary Kriging (OK) .
Fuurth \ J 7/
StEP lllllll 1 llllllllll —

Eva luation spatial predlctlnn

of K-factor .
Fifth step
RMSE. SL d A\ S
g Spatial prediction '
maps of K-Factor and I

their accuracy in each =
sCenario

Fig. 2 The trend of the present research
yol> i slesnsg, ¥ JSC

2



\F uLwM) g e)l.o.oi'a Y 0399

Ol ST (owaige s ing s

(Renard et al., 1997) Jl& <l sla WS sl S bl Sg oud Colon g 6 pdadsts WIS 5,415 ¥ Joua

Table 2 Soil permeability classes and saturated hydraulic conductivity ranges estimated from major soil textural classes
(Renard et al., 1997)

Texture class

Saturated hydraulic
conductivity (mm/h)

Class description  Permeability class

Sand 61< Fast and very fast 1
Loamy Sand, Sandy Loam 20.3-61 Moderate fast 2
Loam, Silty Loam, Silt 5.1-20.3 Moderate 3
Sandy Clay Loam, Clay 2-5.1 Moderate low 4
Loam

Silty Clay Loam, Sand Clay 1-2 Slow 5
Silty Clay, Clay 1> Very slow 6
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Table 3 Auxiliary variables extracted from digital height model and images of Sentinel 1 and 2 satellites

The origin of covariates Auxiliary variable Code Olaya, and Conrad, (2009)
glzgf“se Insulation  (Kwh/ Olaya, and Conrad, (2009)

Topography Relative Slope Position (m) RSP Olaya, and Conrad, (2009)
Valley Depth (m) VD Ma (2018)
VVxVH VVxVH Zhang et al. (2020)
VH*xVV2xVH VH>xVV2xVH Tucker (1979)

. NDVI NDVI= B8-B4/B8+B4 Huete (1988)

Remote sensing SAVI=(BS-
SAVI B4/B8+B4+0.5)x1.5 Crippen (1990)
IPVI IPVI= B8/B8+B4 Olaya, and Conrad, (2009)

NDVI: Normalized Difference Vegetation Index, SAVI: Soil Adjusted Vegetation Index, IPVI: Infrared Percentage
Vegetation Index. B8: Near infrared band of Sentinel -2, B4: Red band of Sentinel -2. VV= vertical waves and receives
vertical waves, VH= vertical waves and receives horizontal waves.
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Fig. 3 Spatial distribution map of environmental variables used to predict the K-factor
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Table 4 Different scenarios of K-factor modeling

using OCK and OK methods
- S1 S2 S3 S4
SZ  Diffuse VV*VH SAVI  ---
ZE VD NDVI NDVI -
<> RSP VH*VV*VH [PV  ---

Y
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Fig. 4 The percentage of relative frequency of K-factor
erodibility classes in Sistan plain
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Table S Statistical summary of soil characteristics and K-factor in all sampling points (n=460)

Parameter Unit Min Max Mean SD %CV
Clay % 0 43 16.6 8.26 49.5
Silt % 1 83 41.6 15 36.2
Sand % 6 99 41.7 20.3 48.7
Very fine sand % 0.34 48.4 17 7.86 46.2
OM % 0 2.5 0.98 0.47 47.6
K-factor ton/MJ h/mm  0.007 0.11 0.06 0.02 33.8
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Table 6 The best model fitted to the semivariogram K-factor and their coefficients

Range of

Model  Scenarios . Co Co+C Co/Cot+C Class
influence (m)
_gj S1 4927 0.016 0.145 0.11 Strong
g S2 4927 0.016 0.167 0.09 Strong
g 3 4927 0.20 1.41 0.14 Strong
= S4 2236 0.048 0.10 0.48 Moderate
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Table 7 Values of the smallest range, the largest range and the anisotropy ratio of K-factor variogram for OCK and OK

The smallest range The largest range

Scenario Anisotropy ratio
(m) (m) Py
(OCK) S1-S2-S3 3688 4927 1.33
S4 (OK) 1656 2236 1.35
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Fig. 5 Anisotropic ellipses of K-factor experimental
semivariogram using (a) OCK and (b) OK methods
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Table 8 Results of different K-factor spatial modeling scenarios using geostatistical methods

Scenarios RMSE SI D

S1 (OCK:K-factor + topography) 0.016 0.35 0.73
S2(OCK: K-factor +RS1) 0.018 1.06 0.45
S3 (OCK: K-factor +RS2) 0.017 0.43 0.69
S4 (OK) 0.018 0.44
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