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ABSTRACT

Introduction

Soil erosion is a major environmental hazard in regions characterized by complex
topography and intense rainfall, posing serious threats to land sustainability, agricultural
productivity, and hydrological systems. Among empirical erosion models, the Revised
Universal Soil Loss Equation (RUSLE) is widely used due to its reliability and
compatibility with GIS-based spatial analysis. A critical parameter in RUSLE is the
topographic factor (LS), which is highly sensitive to the spatial resolution of the Digital
Elevation Model (DEM). Inappropriate selection of DEM cell size can introduce
substantial uncertainty into erosion estimates. This study aims to determine the optimal
DEM resolution for accurate LS factor estimation in hazard-prone areas by integrating
geostatistical techniques with GIS modeling. DEMs with spatial resolutions of 30, 50,
100, and 300 m were generated from topographic contour data and evaluated using
semivariogram analysis and kriging interpolation. Geostatistical parameters including
nugget, sill, range, and prediction error (RMSE) were systematically compared. The
results indicate that a 50 m DEM provides the most balanced performance by preserving
essential topographic variability while minimizing spatial noise and prediction error. The
findings emphasize that DEM resolution should be selected based on statistical and spatial
dependency analysis rather than arbitrary criteria. The proposed framework enhances the
reliability of soil erosion assessment and provides valuable guidance for watershed
management and hazard mitigation in erosion-prone landscapes.
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Soil erosion is a dominant geomorphological process that poses significant threats to agricultural productivity,
hydrological systems, and sustainable land management. In regions characterized by complex topography and intense
rainfall, erosion processes are accelerated, leading to land degradation and increased sediment yield. Accurate
estimation of soil erosion is therefore essential for effective watershed management and hazard mitigation. The Revised
Universal Soil Loss Equation (RUSLE) has been extensively employed for predicting long-term average soil loss,
integrating climatic, soil, topographic, and land cover factors. Among these, the topographic factor (LS) plays a crucial
role as it represents the combined influence of slope length and steepness on erosion intensity. The accuracy of LS
estimation is strongly dependent on the quality and spatial resolution of DEMs. Despite its importance, DEM resolution
is often selected arbitrarily, potentially leading to substantial uncertainties. This study addresses this gap by applying
geostatistical methods to systematically evaluate the effect of DEM cell size on LS estimation in hazard-prone areas.

The methodological framework of this study integrates GIS-based modeling with geostatistical analysis to determine
the optimal DEM resolution for LS calculation. Topographic data were derived from contour maps with a 20 m interval
and converted into DEMs with spatial resolutions of 30, 50, 100, and 300 m. Slope and flow accumulation layers were
extracted from each DEM to compute the LS factor using the RUSLE formulation. To evaluate spatial dependency and
prediction accuracy, experimental semivariograms were developed for each DEM resolution, and key geostatistical
parameters including nugget, sill, and range were analyzed. Ordinary kriging interpolation was applied to assess spatial
prediction performance, and accuracy was evaluated using statistical indicators such as Root Mean Square Error
(RMSE). This systematic approach ensures that DEM resolution selection is based on quantitative spatial analysis rather
than subjective judgment.

The results reveal a clear relationship between DEM resolution and LS factor estimation accuracy. Fine-resolution
DEMSs (30 m) captured detailed topographic variations but exhibited higher noise levels and increased prediction error.
Conversely, coarse-resolution DEMs (100 and 300 m) reduced spatial variability and smoothed critical terrain features,
leading to underestimation of erosion potential. The 50 m DEM demonstrated the strongest spatial dependency,
characterized by an optimal nugget-to-sill ratio and the lowest RMSE values. These findings indicate that medium-
resolution DEMs provide a balanced representation of terrain complexity while maintaining statistical robustness. The
results are consistent with previous studies emphasizing the importance of matching DEM resolution with the scale and
quality of source elevation data. Accordingly, geostatistical evaluation proves to be an effective tool for enhancing the
reliability of LS factor estimation in erosion modeling.

Conclusions

This study demonstrates that DEM spatial resolution is a decisive factor in accurate soil erosion modeling under the
RUSLE framework. By integrating geostatistical techniques with GIS analysis, the research identifies a 50 m DEM as
the optimal resolution for LS factor calculation in hazard-prone areas. This resolution provides the best compromise
between preserving topographic detail and minimizing spatial noise and prediction error. The findings underscore the
necessity of statistically informed DEM selection rather than arbitrary resolution choices. The proposed methodological
framework can be applied to other regions and datasets to improve soil erosion assessment and support sustainable land
and watershed management strategies.
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Fig (4): Distribution of points in four different cell sizes
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Fig (5): sample points distributed in the study area
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Table (2): K values for different soil textures

Type Permeability | Silt | Sand | Fine | Permeability/ | Organic | K

soil (%) (%) | (%) | sand | Silt+ sand materials | values
() | () (%) (%)

Rengam | 19.80 5.80 | 27.80 | 46.6 | 0.59 2.80 0.26

Serdang | 18.00 430 | 413 | 364 |0.39 5.24 0.18
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Table (3): Classification of C factors

Landuse type C value
Water Bodies 0.000
Dense Forest 0.001
Forest 0.002
Orchard 0.1
Open Space 0.3

o Ui 00 Ol o el sas sdiligy JKixl 4S5 amo oo plis 1) andllas 5)50 3ble duoye V0l i (7)) Jga
o dmlo (F) dobie lavwgi a5 olad Swcad s3> (605 o3lail 6l y 6,5 0115 a5 «_iu_?u;b)‘éfsn).ut aslilb polae
S o oolaiul 09l

Yy ()3 [Z(x) — Z(x;))? (¥)

ST e o lade = YiaS ol

B g, Camdge=Xith 5 X1 5 xixi+h oS4z e polie=(z (xi+h 5(z (xi

v50



\‘F~bul:wl: FVD_)LM:J ‘“‘.o)_’é L‘_;j)j}é)}ﬂj:j})u\.:.b

ohlkes 9 b (owlol b ol Job (25, Sl S Gl b g5le Juo

ﬁud%ﬁ.ﬁwyﬁzﬁowboﬁlﬁ.LaLBJa..cw)‘ll)M@lem}&ﬁd)uwj&”&%;
Cool slosay (lad L) (ols gy Jolis Sim 5 058 (o0 (Slaiity ATCGIS Lad KLl Lawgs o 2k 09,9 sleeds,
Jaexe jsb 4 ools bl Il .ol 29,5 mhaw oy sy 35900 gy Cre ol 5l LS sel o ool las Z polie b oS
13,10 3929 ) Zh A by, 90 Wed gole DIl (SGo3) 4 hawd Glizee sle a5 5l eolaiul b auslyy so cauidil o0l au 58
il oo ools ylis & doles Lawgs Box-Cox Lo

Y(s) = (Z(s)A — 1)/A TP )
il 00 008 7,5 # Aolre b Jgzi5 (pl A =0 85 cewl BOX-COX o5 5l ol 5,50 S5 2l jo lOg o3

Y(s) = In(Z(s)) Z (s> 0 !, ()
ol b 0,8 In a5 Ll

3loslatul b aul asdly ses cudte Blyzul glils a5 Sla eols (plply s oo lis 1) cute Bl il glls b ools (7 s 49
sd s Jlos @isf & 10g a3

Histogram Histogram
Transformation: None Transformation: Log
T 3 T T3
Frequency - 10 Count :2999 |Skewness :0.57268 Frequency - 10 Count :2999  [Skewness :-0.37772
4.0 Min :1.25843 |Kurtosis :2.4688 40 Min :5.24904 |Kurtosis :0.57032
Max : 16.8424 |1-st Quartile :7.18546 Max :7.42729 |1-st Quartile :6.60237
F3.2- Mean  :7.68431 |Median :8.86 F3.2- Mean  :6.82126 |Median :6.7799
F24 Std. Dev. : 3.98334 (3-rd Quartile : 11.78 F04 Std. Dev.:: 0.355385 |3-rd Quartile :7.03414
1.6 1.6
0.8 — 0.8
0 . : . — : : : 0
05 24 43 6.2 8.1 8.1 99 118 137 156 175 524 573 602 631 660 689 688 718 747 776  8.05)
Data Data
Data Source: RasterT_Grid30__training Attribute: GRID_CODE Data Source: RasterT_Grid30__training Attribute: GRID_CODE

VR JEST P N PPN 2 I8

Kig (6): The data has a positive deviation
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Slope map (DEM 50m)
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Figure (7): Slope length as index "A" and slope created from DEM, 50 x 50 meters.
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LS map (DEM 50m)

Legend
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Figure (8): LS of 50 m DEM presented at 50 m

w2 ooy (39) 51 6 YL ae 0 wyls (g in Coeal Ja og cunlie jo a5 Sloal 4
Jelowi g @252 9 gl

g z 2olie b bl 5l oassTy (ol asgezms 51, (o CJ““ oS Cewl (S )S) & iy G)L"T ) 09y cJde (ny st
Ot 2bdd (Son podle Z piolie ;o olad Dlpsd oS w5 oo (8 Sy S S &5 Cuslly (pl @ 4z LS o
oolazul (quadratic surface) pso ad o b Sz )5 Slez ol )0 5l addlas cpl jo sl wig, b Sz puss gl)ls diges blas
O Sz ,S leslatnl ol Bas o jls olad oo i 5 olad oy (0 oS (il b pl Fgy ls ded (g5l Jow 09 o0
| Lo eols asgarmo ol Kian 355 & bypye MLl 025 #1555 dnss el pslasl slo Sy Ty polis i
Sl B 35le oo Son |y b odyay o,ly0 yides 0 (BSDA) lassT las olo ools Julo 5 43520 agee S oo oolel
Ll 00l GBI DEM (sla ojlail don (gl adaits Yo v ¢ Bolas j9b 4 .28,5 o ools 4y bgspo Blae 3,90 50 (5 5t Slowouas
sl clle L) b aiges GJL....M olawi Conly G dllin jo sl (gole au95 a4 G039 cunl )laie l.g)o., o ools m 565
Olis LSV ey e (gaiy alib polie eogaze jleolitul b pl Sotunn SO lawgs elis)l S5s oj9 oeo oo (Lt YL oles )
ool ¥ sz 50 miee ol 50 1zl 5 (KUrtosis) oyag obsS oxies o lite Lo 5 <l o by 00ls cpioman g 095 o0 00l

Sl = ply o)l @595 Slp Sl co o ol 5 g 4 a8 aas (oo (i ] Wiged bl )l 5 @j95 <o pd 99 2 &5

\54



\‘F~bul:.wl: fVa)Ls.."Ja ‘“‘.o;_}} L‘_;j‘,j}é)}ﬂ}:j})u‘:ﬁ

ohlkes 9 b (owlol b ol Job (25, Sl S Gl b g5le Juo

sd‘)yu‘W‘Gmwb)._i};w‘)m@w).a;‘gw‘w.ow)wujl}d‘)ds..\mlaﬁf)féuoé‘émwu)l.mb
ol 0o o0l Lz (F) Jgam o Toe gV ee 00« Vo LDEM (sla ools slp 595,55

FLCLIWE JPITE Las o, slylo ol 0dgi sl DEM ;550 sl diges LY
108 (53 31 oolisasl s Jaad 51 Jod 9 ns o DEM 3595 bl aigas :(F) Jguir
Table (4): sample distribution points of DEMs after and before conversion using the log method

Cell Size Before transform After transformation
(m) Skewness Kurtosis mead median Skewness Kurtosis mead median
DEM30 0.57288 2.668 954.51 880 -0.32772 4.3762 6.8212 6.7799
DEMS50 0.59573 2.6684 971.55 896.55 -0.401 5.4134 6.8411 6.7986
DEM100 0.92768 2.0128 935.35 882.07 0.48715 2.363 6.8056 6.7823
DEM300 0.84979 2.837 902.97 902.97 0.42361 2.2999 6.8399 6.8057

(Quantile - Quantile Plot (QQ plot) Analysis) Sai> jloges Julos g 4520
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Figure (9): Normal QQ chart before and after data transformation
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Fig (10): Map of k value and C value
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(Fig (11): Semi-variogram with spherical mathematical function (DEMs 30 meters, 50 meters, 100 meters and 300 meters
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Table (5): Data obtained from Semivariogram

Grid sell MNugget Partial 5ill sill
Model ME RERIS Cy1/C

sizeln) Cyo Cy C=Cp+Cy

DEMID | Zpherical| 00075409 00079542 00155157 0.02952 0.2708 0.512603

DERSE0 | Spherical| 00033492 0.01513 01266492 0.03321 02455 0965852

DERIIO0 | Spherical | 00009242 0.0052393 0.0092244 -0.00075 0.2671 0.283240

DER300 | Spherical | 00005208 0009626 5 0.0101473 -0.00306 0.1594 0945675
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Universal Kriging 30m Map
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Fig (12): Global Kriging map with DEM 30M
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Annual Soil Erosion Map

Legend
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Figure (13):Annual Soil Erosion Map

5 2lad Siwly oy i a5 Tz (wl LS Jole aculoe glp S0 S5 0 5 digy 5o B0 Jokas ojlail a5 ols lis ol
aS aed o lid e Wee g Ve e e Glo Jolu ol b sl DEM L guls () duslin aps oo &)1 ) s s sl oy yiaS
G Yeor gV o) 55,5 sl DEM g ociwn ol jop yiion f Uz b SIS QL;}?Ja’.bpi)Gls():,aV') yiS>sS sl Joluw o3lul
Ogmdls gl aidl b addllas ol 5l Jol> gl (opl poogdle s o ialS |y olad £45 5 S o leen |, S Sledbl
Klgs oo dits Jobw o3lail GGl ams oo ylas a5 w s Slgsean 'Y YY) LSen g Lol 5 (Y0 4) o Ken 5 S5g (Y 39A)
oetd Cail g Wl ol Zlyminl e Vo 5l bglas alolb b 81,5565 sle 4l 5l by glo ools a5 sl S5 &y o3Y (> ol
G SaSS opl plo sl i sl cw, p a3l ASTR/ALOS  § SRTM wiile (6l 6)ls0le sle DEM 4 ol i
).’;.AY' 3y bl alolb b 81,5995 aiss 5 Jol> sl DEM (¢l aign Joluw ojlail s 4y yoxie gl o) 50 ool oolaiul

355 G0 bl b sl sols glie plo 4 o] puotd g g oo

! Anima et all

160



\‘F~bul:.wl: FVO_)L@.:J ‘“‘.o;}} L&j}j}é)}ﬂjj})-‘:ﬁ

ohlkes 9 b (owlol b ol Job (25, Sl S Gl b g5le Juo

S5 Az

RUSLE Jas o (LS) aels s g Job Jole avulo sly (DEM) gl )| 098, Jow digy Jokow ojlail cpoed a0 rghs oyl
D0 o il e CB0 g olad Sl ( SIS O3y Laas o Jolad cp i e O Joku o3l LDEM ols jlas bl el

A P Cljp'r.:_..aI);:.aY' 3y bl alblB b 31 5s 65 sl ands 5l clas )l asly sl ools aSul a4y az gy b aios glas ) mhass o lson
9 S ASTR/ALOS 5 SRTM asils ccgline S1Se S5 b 6l o,l50ke polin 51 J—ol> slo DEM 4 guoxd b8 ki o gulis

285 sl a3l 5 o155 o el ol 00 o)) i s, 032l (Jl ol b bl (oo a5 (sl sy el
Solae DEM slo ool b g gblio plas 1o iy Jokas o3l SU ) gl oolaiasl B g, leie a4 wilgs o (RMSE § ME)
DS 8 oo e 9

Sl alie Sl See Ll il b gblie 10 59,000 g S Jolo b Dlalllas jo 50 2,5 slassly (iogh ol sle a8l pl oLy
Sy ol ;0 Ay oo Lipgh ol e Al auled S S g T mlis 5, anliy s LS Jule 5,515 ds g aradlys o0 g
138 0sliil 5 50 aslie 85555 byl by 3blie ;5 Siislsyond Sl >lb 3 LS Jole 550 55 B0 dgugn oS il ,$ Sy e

=

S5

References

Alavi ,H.,Solaimani,K.,Shokrian,F.(2024). Esmaeil Mokhtarpour Investigation of Trend Changes of
Hydroclimatic Parameters in Miankaleh Wetland, Mazandaran ,Hydrogeomorphology ,10(37):98-
119.

Abedini, M.; Pasban, A.H. (2023). Analysis and Zoning of Soil Erosion Rate and its Relationship with
Hydrogeomorphic Indicators and Vegetation, Case Study: Khiavchai watershed, MeshkinShahr.
Hydrogeomorphology, 11(38): 40-59.

Ammar, A.K., Alaa, m., Fadhil, K., Alzahrani, H., & Hamad, S. (2023). Predicting Soil Erosion Rate at
Transboundary Sub-Watersheds in Ali Al-Gharbi, Southern Iraq, Using RUSLE-Based GIS Model,
Sustainability, 15,1776.

Anima S, Tirkey P, Nathawat S (2023)_Use of satellite data, GIS and RUSLE for estimation of average annual
soil loss in Daltonganj watershed of Jharkhand (India). Journal of Remote Sensing Technology 1:1.

Arami, A., Karimi Sangchini, A., Dinarund, M. (Y Y)). Tracking severe dust storms in the southwest of Iran
using the HYSPLIT model, application of geographic information system and remote sensing in
planning, 13 (47):13 -28.

Bayati, Maryam, Sari,Behroz (2024). Identifying the centers at risk of wind erosion around Lake Urmia,Case
study: Bonab and Malekan cities. Hydrogeomorphology, 11 (39): 122-143.

Blanco, H., Lal, R. (2008). Principles of soil conservation and management: Heidelberg, Germany.: Springer

Chang, K. T., (2020). Introduction to Geographic Information Systems. (5th edition). New York, USA.
McGraw- Hill

Environment; A Case Study of Koga Watershed, Upper Blue Nile Basin, Ethiopia. Hydrol Current Res 7:239.
doi:10.4172/2157-7587.1000239.

FAO. (2016). Status of the World’s Soil Resources.

Gelagay, H.S. (2016). RUSLE and SDR Model Based Sediment Yield Assessment in a GIS and Remote
Sensing.

Jim Ritter, P. Eng. (2015). Replaces OMAFRA Factsheet, Soil Erosion — Causes and Effects, Order No. 87-
040.

161



VPO lasli PV o ladi () ¥ 090 I sasi000

Imad Ali,MaryamByatikhatibi(2025). Soil erosion risk mapping with RUSLE model using GIS and remote
sensing techniques; A case study of Quetta Sub-basin (Pakistan)A case study of Quetta Sub-basin
(Pakistan),11(41): 67- 86.

Karami, Fariba; Mokhtari, Davoud; Farnoosh Ahmadi. (2023). The role of landforms and lithology in the rate
of soil erosion in Zonuzchay catchment. Hydrogeomorphology, 10(37): 1 —24.

Kayet, N., & Chakrabarty (2016). A. Hyper spectral Image processing for Forest types Mapping and forest
health monitoring: A case study in the buffer zones of iron mining belts of Saranda forest, Jharkhand,
India.6(1): 31-42.

Kayet, N., et al. (2018). Evaluation of soil loss estimation using the RUSLE model and SCS-CN method in
hill slope mining areas. International SoilandWaterConservationResearch, https://doi.org/10.1016/].
iswer.2017.11.002.

Leila Ooshaksaraie, Noor Ezlin Ahmad Basri, Azuraliza Abu Bakar and Khairul Nizam Abdul Maulud, 2009,
An Expert System Prototype for Minimizing Soil Erosion on Construction Site in Malaysia, European
Journal of Scientific Research, ISSN 1450-216X Vol.33 No.3 (2009), pp.454-460.

Madadi, Aghil; Asghari Saraskanrood, Sayyd;Hajatpour Ghaleroodkhani, Hossein.(2024). Investigating land
use changeswith an emphasis on forest cover and its effects on soil erosion using object-oriented
classification and theMARCOS multi-criteria technique. Case study: Ghaleroodkhan Fuman
watershed. Hydrogeomorphology, 11(39):141 — 164.

Merritt, W.S.,Letcher,R.A.,&Jakeman,A.J.(2003). Areviewoferosionandse-dimenttransportmodels.
EnvironmentalModelling&Software, 18(8), 761-799.

Moore, 1. D. & Wilson, J. P. 1992 Length-slope factors for the Revised Universal Soil Loss Equation:
simplified method or estimation. Journal Soil Water Conservation. 45, 423-428.

Moses, AN .(2017). GIS-RUSLE Interphase Modelling of Soil Erosion Hazard and Estimation of Sediment
Yield for River Nzoia Basin in Kenya. J Remote Sensing & GIS 6: 205. doi: 10.4172/2469-
4134.1000205.

Piroozi, E; Madadi, M. (2023). Zoning of soil erosion potential using the MABAC method Case study: Givi
Chay watershed. Hydrogeomorphology, 10(36): 73-93.

Sahoo, S., Dhar, A., Kayet, N., & Kar, A., (2016). Detecting water stress scenario by land use/land cover
changes in an agricultural command area. Spatial In- formation Research, 1-11.

Serbaji, M., Bouaziz, M., & Weslati, O. (2023). Soil Water Erosion Modeling in Tunisia Using RUSLE and
GIS Integrated Approaches and Geospatial Data, Land, 12(548), 13-22.

Tung G. P, et al. (2018). INTEGRATED UNIVERSAL SOIL LOSS EQUATION (USLE) AND
GEOGRAPHICAL INFORMATION SYSTEM (GIS) FOR SOIL EROSION ESTIMATION IN A
SAP BASIN; CENTRAL VIETNAM. International Soil and Water Conservation Research.

Turner, B.L., et al. (2018). Scientific case studies in land-use driven soil erosion in the central United
States: Whysoilpotentialandriskconceptsshouldbeincluded in the principles of soil health. International
SoilandWaterConservationResearch, https://doi.org/10.1016/]. iswcr.2017.12.0041. 6(1):63-78.

Wang, G., G. Z. Gartner, P. Parysow, and A. B. Anderson. 2000; Spatial prediction and uncertainty analysis
of topographical factors for the Revised Universal Soil Loss Equation. Journal of Soil and Water
Conservation. 55: 373-382.

Wang, G., G. Z. Gartner, P. Parysow, and A. B. Anderson. 2010; Spatial prediction and uncertainty
assessment of topographic factor for the Revised Universal Soil Loss Equation using digital elevation
models. Journal of Photogrammetry and Remote Sensing. 56: 65-80.

Webster, R. & Oliver, M. A. 2021. Geostatistics for environmental science. John Wiley and Sons, LTD.
Toronto, Canada, 271 p.

Www.omafra.gov.on.ca/english/engineer/facts/12-053.htm Jan 4, 2016.

162


https://doi.org/10.1016/j.%20iswcr.2017.11.002
https://doi.org/10.1016/j.%20iswcr.2017.11.002

