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23 April 2024 relationship with vegetation indicators. To achieve the goal of the research, the RUSLE experimental model,
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1 January 2025 from the Meteorological Organization, the soil texture layer 1:250000 of Iran, the digital model of 30 meters
height of Aster and also the satellite image of Landsat 8 OLI have been prepared in the environment of the
geographic information system (GIS) and after overlapping layers, the amount of annual soil erosion at the
basin level was estimated. In the next step, the geomorphic and vegetation indices that are effective in the
occurrence of soil erosion include topographic moisture index (TWI), waterway power index (SPI), domain
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Curvatore) and Normal Vegetation Index (NDVI) were created in ArcMap environment and zoning maps were
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analysis. The results of this study showed that the amount of soil erosion for the whole basin was estimated
between 0 and 26.63 tons per hectare per year. In another study, the relationship between geomorphic indices
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1. Introduction

Soil erosion and sediment production in watersheds have become an environmental issue. Thus, preventing soil
erosion plays a vital role in protecting natural resources. The increase in soil loss in watersheds is a persistent
challenge exacerbated by population growth, pressure on natural resources, and unsustainable agricultural practices
on sloped lands. This phenomenon leads to reduced productivity in these areas. Over the past 40 years, the Universal
Soil Loss Equation (USLE) has been the most widely used method for estimating soil erosion potential and assessing
the impacts of various management practices due to its straightforward calculations and unique characteristics. The
USLE was developed by the U.S. Department of Agriculture in 1978 to predict the amount of soil eroded over time.
Researchers have introduced a newer version of the USLE called the Revised Universal Soil Loss Equation
(RUSLE), which provides more accurate estimates of the R, K, C, and P factors of soil erosion. Although this model
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is empirical, it allows for the integration of Remote Sensing (RS), Geographic Information Systems (GIS), and
RUSLE to produce cost-effective and more precise estimates of soil erosion and its geographical distribution over
larger areas.

2. Methods and Material

In this study, the Revised Universal Soil Loss Equation (RUSLE) was used to estimate soil erosion in the study area.
To achieve this goal, Landsat 8 OLI satellite images from 2022 were obtained from the U.S. Geological Survey
website (Www.usgs.gov). After performing radiometric corrections, including atmospheric correction using Flaash,
the images were utilized to create a vegetation cover map. Additionally, digital layers at a scale of 1:25,000 from the
National Cartographic Center, a digital elevation model with 30-meter resolution (Aster), and monthly and annual
rainfall data from the National Meteorological Organization (for the years 2013-2022) were employed, along with
the soil texture map of Iran at a scale of 1:250,000. The software used for mapping and producing the maps included
ENVI 5.3 and ArcGIS 10.8, while SPSS and Excel were utilized for statistical calculations and regression analysis.

3. Results and Discussion

To assess the soil erosion potential in the studied watershed, factors affecting erosion such as rainfall, soil type, slope,
vegetation cover, and soil conservation practices were analyzed. Using multi-year rainfall data and the Fournier
index, the erosivity due to rainfall in different areas of the watershed was calculated. Additionally, based on soil type
and topographic characteristics, soil erodibility and topographic factor maps were created. The NDVI vegetation
index was also utilized to determine the impact of vegetation on erosion. Ultimately, the final soil erosion map for the
watershed was generated by overlapping the RUSLE model layers in ArcMap and using the Raster Calculator tool.
The annual soil erosion varied between 0 and 63.26 tons per hectare, with the highest amounts observed in the
northeastern parts and scattered throughout the southern areas of the watershed. Next, geomorphic indices including
SPI, TWI, NDVI, Curvature, Plan Curvature, Profile Curvature, and Slope were calculated for the watershed. The
correlation of these indices with soil erosion was statistically tested using Pearson correlation coefficients and
regression analysis. The results indicated that among the extracted indices, Slope, Plan Curvature, Profile Curvature,
Surface Curvature, and Topographic Wetness Index had the highest impact on soil erosion in the Kozeh-Touparaq
watershed, with determination coefficients of 0.78, 0.40, 0.20, 0.06, and 0.03, respectively. In contrast, the
normalized difference vegetation index and the stream power index showed an inverse relationship with annual soil
erosion. The results of the correlation between erosion and the studied indices are presented in figures 13 to 19. In
other words, the relationship between soil erosion and the studied indices was statistically tested using Pearson's
method (Table 4), revealing a significant inverse relationship between annual soil erosion and the normalized
difference vegetation index, while significant direct relationships were found with the Slope, Plan Curvature, and
Profile Curvature indices.

4. Conclusion

This study investigated soil erosion in the Kozeh-Touparagq watershed in Ardabil using the Revised Universal Soil
Loss Equation (RUSLE). The results indicate that the average annual soil erosion is 6.93 tons per hectare, influenced
by geomorphic factors and vegetation cover. Erosion levels in this watershed vary from 0 to 63.26 tons per hectare
per year. The indices used, including NDVI, Topographic Wetness Index, and Stream Power Index, suggest that
increased slope and length can exacerbate erosion. Moreover, the Slope and Plan Curvature indices have the most
significant impact on erosion. It is recommended that farmers adopt conservation measures in agricultural areas to
prevent soil loss and take action on runoff management and the protection of arable land.

Keywords: Geomorphic, Soil erosion, Vegetation cover index, RUSLE, Kozehh topraghi.

5. References

Abedini, M., Abolfathi, D., Raisi, M (2022). The Ranking of Razan Basin Erosion by Using the Fuzzy Logic, EPM and
BLM Model in GIS Environment. Geography and Development, 20(68), 62-86.

D0i:10.22111/GDI1J10.22111.2022.7002 [In Persian].

Abedini, M., Bahramnia Gojabeiglo, F., Mostafazadeh, R., Pasban, A (2023). Investigating the Effect of Land Use Change
on Soil Erosion and Sediment Yield in Razeychay Watershed During Past 20 Years. Journal of Geography, Urban and
Regional Studies, 12(45), 114-133.

Doi: 20.1001.1.20087845.1402.12.45.7.9 [In Persian].



doi:10.22111/GDIJ10.22111.2022.7002
doi:10.22111/GDIJ10.22111.2022.7002
Doi:%2020.1001.1.20087845.1402.12.45.7.9
Doi:%2020.1001.1.20087845.1402.12.45.7.9

Vol. 22, No.77 Geography and Development [ 57

Abedini, M., Javadi, S., Mostafazadeh, R., & Pasban, A (2022). Relationship of Vegetation and Geomorphic Indices with
Erosion and Sediment Rates in Koozeh Topraghi Watershed. Hydrogeomorphology, 9(32), 128-105.

https://doi.org/10.22034/hyd.2022.51464.1636 [In Persian].

Ahmadi, H. 1388 Applied geomorphology (water erosion), 6th edition, Tehran University Press. 507. [In Persian].

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 Irag, Using RUSLE-Based GIS Model, Sustainability, Vol 15, 1776.

https://doi.org/10.3390/su15031776

Arnoldus, H.M.J (1980). approximation of the rainfall factor in the Universal Soil Loss Equation M, De Boodt, D. Gabriels
(Eds.), Assessment of Erosion, Wiley, Chichester, 127-132.

DOI: 10.4236/jqis.2012.46061

Aslam, B., Magsoom, A., Alaloul, W., Musarat, M. A., Jabbar, T., Zafar, A (2010). Soil erosion susceptibility mapping
using a GIS-based multi-criteria decision approach: Case of district Chitral, Pakistan, Ain Shams Engineering Journal,
Vol 12, No 2, 1637-1649.

https://doi.org/10.1016/].asej.2020.09.015

Babolimoakher, H., Taghian, A., Shirani, K (2019). Assessment of Landslide Susceptibility Zoning Map Using Confidence
Factor-Logistic Regression Hybrid Method By Means of Geomorphometric Indices, Quantitative Geomorphological
Research, 7(3): 91-116.

D0i:20.1001.1.22519424.1397.7.3.6.4 [In Persian].

Brini, 1., Dimitrios, D., Kalaitzidis, Ch (2021). Linking Soil Erosion Modeling to Landscape Patterns and
Geomorphometry: An Application in Crete, Greece, Appl. Sci, Vol 11, No 5684, 1-38.

https://doi.org/10.3390/app11125684

Chi, W., Wang, Y., Lou, Y., Na, Y., Luo, Q (2022). Effect of Land Use/Cover Change on Soil Wind Erosion in the Yellow
River Basin since the 1990s, Sustainability, Vol 14, No 19, 1-16.

https://doi.org/10.3390/su141912930

Choudhury, M.K., Nayak, T (2003). Estimation of soil erosion in Sagar Lake catchment of Central India Proc, International
Conference on Water and Environment, 387-392.

https:/link.springer.com/article/10.1007/s40808-015-0034-1

Dabral, p.p., Baithuri, N., Pandey, A (2008). Soil erosion assessment in a hilly catchment of North Eastern India using
USLE, GIS and remote sensing, Water Resources Management, Vol 22, No 12, 1783-1798.

https://link.springer.com/article/10.1007/s11269-008-9253-9

Elsayed, A., Mostafa, A., Farag, O., Ahmad, B., Dmitry, E., Mohamad, S (2023). Integration of RUSLE Model, Remote
Sensing and GIS Techniques for Assessing Soil Erosion Hazards in Arid Zones, Agriculture, Vol 13, No 35, 1-19.

DOI:10.3390/agriculture13010035

Esfandiari Darabad, F., Mostafazadeh, R., Pasban, A. H., Nezafat Takleh, B (2022). Integrating terrain and vegetation
indices to estimate and identify the soil erosion risk Amoughin watershed, Ardabil, Journal of Spatial Analysis
Environmental Hazards, 9(1): 77-96.

D0i:20.1001.1.22519424.1397.7.3.6.4 [In Persian].

Ghorbani, A., Hezbavi, Z., Mostafazadeh, R., & Alaei, N (2021). Analysis the Relationship between Landscape Metrics
and Soil Erosion of Koozeh Topraghi Watershed, Ardabil Province. Journal of Geography and Environmental Hazards,
9(4), 65-91.

Doi: 10.22067/geoeh.2021.67020.0 [In Persian].

Imajjane, L., Belfoul, M., Elkadiri, R., Stokes, M (2020). Soil erosion assessment in a semi arid environment: a case study
from the Argana Corridor, Morocco, Environmental Earth’s sciences, Vol 79, 409.

https://link.springer.com/article/10.1007/s12665-020-09127-8

Kelarestaghi, A.A, Ahmadi, H., Jafari, M., & Ghodsi, J (2009). Probabilistic Probabilistic Prediction of land use change
from frost to  dry farming using Bayesian Theorem Modeling in Farm Rimdrainge Basin. Pajohesh-Va-Sazandegi,
21(IN NATURAL RESOURCES (SPECIAL ISSUE)), 52-62.

Doi: 20.1001.1.20087845.1402.12.45.7.9 [In Persian].

Maleki, S., Khormali, F., & Karimi, A. R (2014). Mapping Soil Organic Matter Using Topographic Attributes and
Geostatistic Approaches in Toshan Area, Golestan Province, Iran. Iranian Journal of Soil Research, 28(2), 459-468.

https://profdoc.um.ac.ir/paper-abstract-1042417.html [In Persian].

Moore, I.D ., Grayson, R.B (1991). Digital terrain Modeling: A review of hydrological, Geomorphological and Biological
application, Hydrol. Vol 5, 3-30.

https://doi.org/10.1002/hyp.3360050103

Motamedirad, M., Zangane Asadi, M. A., Ajam, H (2023). Investigating the rate of soil erosion and sediment production
using the RUSLE model and the modified method PSIAC (case study: kal basin of Ismail , Shahrood city, Semnan
province). Quantitative Geomorphological Research, 11(4), 147-165.

Do0i:10.22034/GMPJ.2022.360813.1374 [In Persian].



https://doi.org/10.22034/hyd.2022.51464.1636
https://doi.org/10.3390/su15031776
doi:%2010.4236/jgis.2012.46061
https://doi.org/10.1016/j.asej.2020.09.015
https://dorl.net/dor/20.1001.1.22519424.1397.7.3.6.4
https://doi.org/10.3390/app11125684
https://doi.org/10.3390/su141912930
https://link.springer.com/article/10.1007/s40808-015-0034-1
https://link.springer.com/article/10.1007/s11269-008-9253-9
doi:10.3390/agriculture13010035
https://dorl.net/dor/20.1001.1.22519424.1397.7.3.6.4
doi:%2010.22067/geoeh.2021.67020.0
https://link.springer.com/article/10.1007/s12665-020-09127-8
https://dorl.net/dor/20.1001.1.20087845.1402.12.45.7.9
https://profdoc.um.ac.ir/paper-abstract-1042417.html
https://doi.org/10.1002/hyp.3360050103
doi:10.22034/GMPJ.2022.360813.1374

Geography and Development EJ 58

Noraei Sefat E, Bakhtyari Kia M, Akbarian M. Investigation of Soil Loss Changes with an Emphasis on Runoff Erosion in
the Kol River Catchment. E.E.R. 2023; 13 (1) :70-95.

D0i:20.1001.1.22517812.1402.13.1.3.5 [In Persian].

Olorunfemi, I.E., Komolafe, A.A., Fasinmirin, J.T., Olufayo, A.A. Akande, S.O (2020). A GIS-based assessment of the
potential soil erosion and flood hazard zones in Ekiti State, Southwestern Nigeria using integrated RUSLE and HAND
models CATENA, Land, Vol 194, 104725.

https://doi.org/10.1016/j.catena.2020.104725

Pandey, A., Chowdary, V.M., Mal, B.C (2007). Identification of critical erosion prone areas in the small agricultural
watershed using USLE, GIS and remote sensing, Water Resources Management, Vol 21, No 4, 729-746.

https://link.springer.com/article/10.1007/s11269-006-9061-z

Qin, Ch. Z,, Zhu, A. X, Pei, T., Li, B. L., Scholten, T., Behrens, T., Zhou, CH. H (2009). An approach to computing
topographic wetness index based on maximum downslope gradient, Precision Agriculture, Vol 12, No 1, 32-43.

DOI:10.1007/s11119-009-9152-y

Rejith, R.G., Anirudhan, s (2019). Delineation of Groundwater Potential Zones in hard rock Terrain Using Integrated
Remote Sensing GIS and MCDM Techniques A Case Study From VVamanapuram River Basin, Kerala, India, Gis and
Geostatistical Techniques for Groundwater science, 349-364.

DOI:10.1016/B978-0-12-815413-7.00025-0

Renard, K.G. Freidmund, J.R (1994). Using monthly precipitation data to estimate the R-factorin the RUSLE, Journal of
Hydrology, Vol 157, 287-306.

https://doi.org/10.1016/0022-1694(94)90110-4

Sharma, A (2010). Integrating Terrain and Vegetation Indices for Identifying Potential soil Erosion Risk Area, Geo-Spatial
Information Science, Vol 13, No 13, 201-209.

https://link.springer.com/article/10.1007/s11806-010-0342-6

Shin, G.J (1999). The analysis of soil erosion analysis in watershed using GIS. Ph.D. thesis, Department of Civil
Engineering, Gang-won National University, 47.

DOI: 10.4236/0japps.2012.24B038

Ugese, A., Ajiboye, J., Ibrahim, E., Gajere, E., Shaba, A (2022). Soil Loss Estimation Using Remote Sensing and RUSLE
Model in Koromi-Federe Catchment Area of Jos-East LGA, Plateau State, Nigeria, Geomatics, Vol 2, 499-517.

https://doi.org/10.3390/geomatics2040027

Vijith, H., Seling, L.W., Dodge-Wan, D (2018). Estimation of soil loss and identification of erosion risk zones in a forested
region in Sarawak, Malaysia, Northern Borneo, Environment, Development and Sustainability, Vol 20, No 3, 1365-1384.

https://link.springer.com/article/10.1007/s10668-017-9946-4

Wang, S., Wente, G.Z., Gertner, A (2020). Improvement in mapping vegetation cover factor for the universal soil loss equation
by geostatistical methods with Landsat Thematic Mapper images Int. J.Remote Sens,Vol 23, No 18,3649-3667.

https://doi.org/10.1080/01431160110114538

Waseem, M., Igbal, F., Humayun, M., Latif, M., Javed, T., Leta, M (2023). Spatial Assessment of Soil Erosion Risk Using
RUSLE Embedded in GIS Environment: A Case Study of Jhelum River Watershed, Applied sciences, No 13: 1-16.

https://doi.org/10.3390/app13063775

Whittington, D (2022). Improving the Performance of Contingent Valuation Studies in Developing Countries, Environ.
Resour. Econ, No 22, 323-367.

https://link.springer.com/article/10.1023/A:1015575517927

Wischmeier, W.H., and Smith, D.D (1978). Predicting rainfall erosion, losses: a guide to conservation planning, United
States Department of Agriculture Handbook, Washington DC, Vol 537, 13-27.

DOI: 10.4236/jep.2016.710114

Zakeri, R., & Falah, S (2023). Evaluation of Water Erosion Hazard Map Using the Combination of the RUSLE Model and
Gully Erosion Density Map in Alamarvdasht Watershed of Fars Province, Iran. Quantitative Geomorphological
Research, 11(4), 189-209.

D0i:10.22034/GMPJ.2022.360905.1375 [In Persian].

Zandi, J., Habibnejad Roshan, M., & Solaimani, K (2013). Soil erosion risk assessment and its relationship with some
environmental parameters (Case study: Vazroud watershed, Mazandaran). Journal of Range and Watershed
Managment, 66(3), 401-415.

https://doi.org/10.22059/jrwm.2013.36516 [In Persian].



http://dorl.net/dor/20.1001.1.22517812.1402.13.1.3.5
https://doi.org/10.1016/j.catena.2020.104725
https://link.springer.com/article/10.1007/s11269-006-9061-z
doi:10.1007/s11119-009-9152-y
doi:10.1016/B978-0-12-815413-7.00025-0
https://doi.org/10.1016/0022-1694(94)90110-4
https://link.springer.com/article/10.1007/s11806-010-0342-6
doi:%2010.4236/ojapps.2012.24B038
https://doi.org/10.3390/geomatics2040027
https://link.springer.com/article/10.1007/s10668-017-9946-4
https://doi.org/10.1080/01431160110114538
https://doi.org/10.3390/app13063775
https://link.springer.com/article/10.1023/A:1015575517927
doi:%2010.4236/jep.2016.710114
doi:10.22034/GMPJ.2022.360905.1375
https://doi.org/10.22059/jrwm.2013.36516

P sz

o
rvi-yvas :J:,/‘r(w \Yro—-¥Yro b
L LR g

https://gdij.usb.ac.ir

=

dr/”f ;dr{’aﬁh

AL g9 9 S 590935 SBASLI b )T Bl )l g T slw 3 (4l o (w3 9

Ju0 f bt ¢ 31 p3 93035 T ddg> 4o

O 0803 cpud x3 g ¢ Ol pluc ol ¥ o ile wge 7S

Ty e

RS

& o jhaazmo 9 (539U (b @ilio (5ly GF &5 ol (Jaazmo Mo 31 (S (S gl 8
5 Uil J S gk pde ©loladl 55 S gl 31 Sl 5 (o) SAeMb! disal ol 53 39308 slowd
S Gl b olime oy o3 ol 3 Bue alple Wl s e G sl sbadss o e
s (gl Bl on LS iy Sl asli b o bl g RUSLED Juo b G038 suisl dudg)s
ouuds 00liwl (! P g C LS K R (b Jole Jolis a5 «(RUSLE» 1,25 Jow 3l i Do & (y8l
S cdl LY (wbidlgr Glojle 3 o 35T gyl sosls 3 ooliswl b cud iy gbikecydy awl
Luzxo j0 «€OLL A Cawssdr glolygnle o guai cpuizzod g «Aster» yo Ve glii)l 2098y Jow ¢yl gl V:¥Beoes
T o S AYle Golw,d jlade Y 6,ld8 w69, 5l L 9 dilouds and «GIS» Sl wledlbl dilolu
S 0 S Ghlu B olasy 40 45 (LS (fuligy 9 Sudyg0935 S RS s ol 30 b 09w
5L (Curvatore) awld sUxil a5 Us «(SPI) aalpl ylei asli (TWI) @';9‘9‘ Cugby sl i ol
ole 2LS e p5ls g (Plan Curvatore) ghw sUxil (o5l (Profil Curvatore) ahio sUxil
6513800 55 31 pol eyl Gliwly 10 (il A (gadigy (AL 9 ol olw| «ArcMap » o o (NDVI)
o) b ol colisiwl Judxigdy 3oxi (posrod g Al dgd cqz «SPSS g Excel .ENVI 5.6 (GIS 10.8»
Jlo 50 JLSa 0 o YE/FY B v o &l 50 ddg> J5 ly S AVl golw,d jlado oS oloyLis adllhe
S Yl Gl ® e b (BLS Gidigy 9 Sudyg0885 SBASLY (o B R0 (oaw 2 50 b 3590
Cugb) g auld sl (adado sbxil o sl coails g oLl doylis o] s & cdpdy plxil
S Gl 13 1 I Tt o[ 108 Yo ofFe wIVA sl 5 b iy S5
@yl oly 5 oadloy AL SGubgy JOW lopsls oSl o wilaxils (Blygie5e8 jusul dde>
Bl (Sl gy ol g RIS ST WYL gl B b pugSino slalaly o/ /oY ju3lio b o iy
5 50 Sl o 5 sl Sl 555 5 Galsd s P st 5 Sediges’s e Slaoals
Wl oo anlb S polwyd polio o5 o Cga 1)«GIS» g «RS» sbyealild

P o) YV 8 yloit cazawgi g Lidl yir
VEYNIYIYY il 0 gu,b

AR NRAVA SESTIERTS 51Ty T3t
VX[ oY/ oF i b pdy fu,b

AO-As iulxio

& c]

.-dﬂ;f/.‘f

Wra--¥ro

el

“
v e

1gouls’ slresly

gy L (ST sl B Sy 5095]
Sygi0je5 «RUSLE» ( 2LS

doddo

GS ol ol by el ool s Mw.}&m@‘ﬁﬂ(_gbuy)o Sy b ade g S iole,d
4)'%).3—1 slasy> o S cd; e il NS (9 P &ls BURGAEIFEEI Sl s (S Ol 3 5l
Glhcad Lol g Sy Jlubl slo Wgcis 5 grmd mlio p ,Llid cCumen (o381 L aS Conl polae il

A NFT GhKae 5 ofysdaied) Syl JLisay |, Lol o ode jials sauay (pl 0d o0 wyais

Ol il e (g, (50,0, 0ol Olewloes ils cowdy «(USLE»  Jow ,5l Jls F- by
393 3,84 pamie (63,5 aald g lo Shg slylo aF ol eog alitre b poe lalles DIl 8,605 g S

Abedini@uma.ac.ir
A.hesam773@gmail.com
nhasanzadeh54@gmail.com

(JgPomo 00iun 98) 3l ol s )l el 5l Biiono olSLINS (539989 590853) (sl (LBl i 09,5 oLl )
Olrledmd sl sl Bizmo oSS (559195 )909%3) (srumb LI par 09,5 (5 555 (g92iils ¥
Ol el e shad sl oo olEild «( 555098 90855) (srabs Ll yior 09,5 oyl ol )15'¥



VY 0 lod 1093 § oy Jlw IF¥ ybnno;

o E aaugi g Ll i

5o oazio OYLI (65,5liS isw lawgs (USLE) S cé) jae Sk dolee .Waseem et al, 2023: 2) c..l
liises . Vhittington, 2022: 330) o sl oyle; Jsb o ail talu s S lime i sly VAVA Lo
a5 Wlosls &5l (RUSLE) S i, jom Sl 0d laingans alobes ol L «USLE» Jow 5l (s poyos s
9y S a5 onl o yile ool amope il 1) S alw 3P 5 C KR (slaguSl 5l s igads oo sy
Lol wbdlir a5 S iald slas,sly cga |, €RUSLE 5 GIS RS» oS 55 oSl el oy
Oladllae 55t .AAmmar et al, 2023: 2) &S oo odgs 55,5 bl o 5o C8o b g Joud LB sloasja
Slp Conl 8,5 olril 1585 )5 5 3o 50 Kb s olse b o] Lyl g S Jiale b (ogas ,0 ool
«RUSLE» Jow 3l €« leaSL ey &b 0 S iole,d 0,0l cga (Yo V0) oS 4 ‘ﬁ,u JLee
e S Lo 45 JLSe 50 53 FO+ Ll S &Yl &8, 50n oliee 45 01 ! 5 S gl b o s
s ol il ) NS St S es eS CRUSLE» Jos ,o 53 b Jole o o
S ialayd Sl Jow 5l eslinul b 1 € 25T,0 US> &ihaie ,o 1 iglad Gy V- V4) ) Kan
305 BYIOY Ll S BYL ¢, ae gt a5 slsplas o] zuls wisls alxil «RUSLE» sasizdlol
el Casods Jlo yo LS

ddlaie (59850555 9 (e Jolse b S b )b bl 4y cieghy ;0 «(V-T)) ol Sen g r@m—f
56 BT g BLS ide alex 5l 6 ks ame Jelge a5 sloplis o] uls aisls g o ,S»
5 e Jeolos b SL nled giladoe o 658 sl Geimren )l Sl b Gl 2 o0k
Sl L5 50 S Galup (LS gy s ST YY) les 5z )10 3325 (5 yesd e
s Jloy alS bg Lalis a5 og pl sasasslis ol Liegh gl .ol 1,8 aalllas 090 1) (635 w0
Log> S Sl 5,5 cu (Yo YY) o Sen 5 T nFsy o)ls (A+10) 3,L L 1 65Vl (Kivan (NDVI)
s ol 8 adllae 0,50 S iolw,d Slam Jow g 590 5 Gioww 5l eoliiwl b 1) ay,mes j0 o 5 0]
dele (nl 5 05 o0 wais (Sl Gl 5 0k HBLase o Sl ) jue Ol a5 loplis ]
QS o Sl Ly 81 ye 10 2oy VY B e s i BVl 5L liee 0550 50 Sy G155 el

«GIS» § «RUSLE» Juwo 3l oolawl L1y uigs o S iole,d gileJoe (VYY) o) Ken 4 S|
Slao,d PIFY § el S iolo)d oz s (o oae ,0 wigh a5 dloglis ol s .aisls I3 dalllas )40
Sl 5o (e o S 4o o5 ¥e 5l i) Cad S 8y 0 YU e #5 8l Con 988 S ol
2 SE Gled jhs alS by g Jame glagasls plesl LV F 1) o) Sen g oblje (g basinl 5
Ol yd bgle jlade oS olocylis byl gl .asols J18 cw) 0550 1) o)l Gl 1o € pBgaey 5wl dog>
oyt et ol it o o LS e 53 BIOY BTN e &iels o ade> S 6l S SYL
Gl S ses ,siSs aS slaplas S BVl ialuyd i 5 CRUSLEY (slo xS oy Sgwmw,S, Lals,

1. Aslam

2. Imajjane
3. Birini

4. Chi

5. Ugese

6. Elsayyad



VY 0 lods 093 8 Commns Jlw IFo¥ ybiuane;

£V aawgs g Ll o

3 S Gled ganag (F) e 5 sonle ojls S AVl ol d e b g 58S bl
as slogylis oyl ol .aisls ploul «BLMY» g «EPMY (558 slaie sl Jae 5l eolaul L) «0y5 0 5 0l doe>
Joe cds sasaoylis aS ols (65 i Caillae glage dslllas jo caiclils p slaesls L <EPMY»  Jow s
)..;13 OFT) Lo o cumle ;500 ciogh ;o ol anlllas 8,90 ddlato ;o yiolw)d cwyyp )0 ool 550
B owin yge ly o S 8,98 S0 50 sl (Lo ) Ldg> gy 9 Gl S (i 2 (O] ()8 Dl
Jdoas dibais jo o 2ly; ool maw ialpdl pd de 3l Jlo Can b 40 a5 sloglias oyl ol assls
Seol a8y falS (Sl ol 4 Glale 8 (liee ailaie nl o (LS ibgy Cus g pb (Ol paw a8
5 Gdeias Sl axdllas 8,90 dilaie jo ulo,d flie JyuS jo alS jile ool sasmolis el cpl a8
b9y 3 CRUSLEY Jow 5l ogesy adgi 9 S Gl d (liee 0psln Cur ool 50 «(1FT) ol 1Sen
Joe 5l ol ol aslsn ogels law ol o oy Luelow! JB» 5 pl dog> jo oadzdol Sl
g oal dy9lp JiSe o 5 VYA aalllas 050 dblaie )0 g, g iole,d e a5 slopylas «RUSLE»
dog> 2oy OF/FF a5 sloplis byl ol usslo o)l oliwl €Cuing podler jusul dos> o ol iule )b
Db, oS 50 oy YYIVY 5 (Jlo [0 [ 0 05 VO 5l iew) ol s iole 3 ddds o dalllas 0,90
8y 500 DlydS &gy o)z skieds LV FY) e 5 Sio Jlygi ils 18 (Jle jo JLSe 0 5 V) oS
GV ) jan lawgio a5 oloylas oyl s ol p 8 50,0 il jo « S ailsog p 5 ol dog> o0 S
YU oty a5 00 o plid Giegh abile gozes> g e Jlo ;0[S jo 03 YA/ T B OO o S
Sb Glalesd ooz Jole Adllae &y S azgs oll el Glaads> Sotn ;o S Glale b lake (og:
JEE 30 Julge sy S ol b L | el &in) 55 (215 S 550 0l 0575 b ol g 5 85
Qo> &Sl g b og walys leds adpoh 9,k Jlo (e 50 5 sl (o e slas pal) (e (B
elas Gl slaig, 4 bl cdlEs Jl o gl Hlocas SliasS dos> S« Blygi0565» sl
ol 50 SB ale B i (et Bblie drwgs 5 (55,5l (8l 4 (S (Sl hos Bl w0 Sz
(ool alizes Ll s 5o aiey pl Ho Oledlbl (S O 550 sl pl JJo aed 4y 05d 0 GallS dbe>
Ol Oliee oy p Sua b ol fagh aas oo B AT 3550 5 009ed 4z gi 1) (AL e 9 S

OR9F O%9)
axdllao o 590 ddkaio

955 958 Jleds 55 Jod)l il o5tz Ceond )0 e FghS ALY Colus b € 50505 S0l ddge
g aids Ve azoFA Sliliz Job o € Blygio)ss el dog olilir Slaike cud a5 gl o
g Caand iy a0 @y o A YA g dids Vo g az o YA Sl oy 0 5 5y &b
Sype ddlate po (Bl Bl g iSlas all o bys mhaw 5l e VF e el T b Cond (il 5 e TOT - £l



oy PRI YY o ko (090 g Coman Jlw SF+Y oyl

o552 0,5 5l a2y Y 4 UF o Iy (les JBlas 5 25> jta oo TVA o WWYA L ol o i o anlllne
s 5 ddg> ol allin Caxban (Ve 1P hlKas 5 D) o o8l LS5 aoys A= 5 VIB+ SENY
Sl 00 df:b‘ (\)Jiw)é J:t-.’é)‘ ul:-w‘j)}mf

z LS - T
é ""'\ e :. -.'\;
i. \’)\A/"} .< o =N\
L N\ ‘
’\( €. M \' P
- .’\&’-'“'-_'1‘--. g.\""\ TNt -f;‘_./“
% ] T S L N
L > NionE 5
SN A A
st
‘e 'N(,,,\f:)
i\\_, o A
z P
3 ) \ > f\‘;
> =
g R, S N [ ()
AL glasaly, T T -5 L o
Sl - \\
“')!‘ "“‘\m“ » > s,
oy i z [ < L
Z || &5) e [ " ) \@ 7
« 4 (DEM) 2 '7.‘,‘-'
i I- Highzzs:m ' :’
2
WSS Low : 1400 \ \
0810 2 o
u".' E u"\.' E u"r-' E

Sr950395 ol Adg> Ll s g 1) S
JE Y (B, o g g

anllas 5,50 dilaie S ol 8 5,51 Cg> (RUSLE) ool S sl 3 Slex Jow 5l (g ool )0
YoVY Jlo 4y bgsye €OLI A cesaid »gloylsale yglad 51 iogh Ban 4y olwws gz Liwly ol jo .ol oolail
roead Jolds (SGpagaly Slusas sl §l g 28l (WWWLUSES.QOV) (S el wlidipe) Colw A
ViVOe oo olde b (098, oy sl fuzmen ol colatul LS i 408 adg sl «Flaashy (g aul]
3 aVlo g ailole Sws,b Lol o(Aster) e Vo S &,08 b oli )] 098, Jow 988 (5l0 paids ol
VaVOe oo wbde b olpl S cdl acw (O FV-YAY ol 4 bgye) jeiS cwlillen lojle 5l oals
3y basd adgi 5 eew i Sy “ArCGIS 10.8 ENVI 53> slaf58ls 5 5l gl cpl 10 (pioren 0l oolail
ol 00 (6 550 0 IVolae S ), Ll 5 (6 kel Slawle g EXcel» 5 «SPSS» (sla l38la



VY 0 lods 093 8 Commns Jlw IFo¥ ybiuane;

Y D aawgs g Ll o

«RUSLE» Juwo
ool sadpdlol S iulud Slez Jao 5l adlas 0550 Sloj 5,90 50 Gialeod (e 35515 jolaien,
Sl SB il Sl Jae @ibanss Jus glisa sxipdlol SB Gule Sl Jus b aalss
Renard and «F-F JFIF ([ (Lar 5 W) 35,00 S ure mhw S 31 S YL ol 3 oo s
Jole «R) L Sanlep i fele ls Jole £ 5l «RUSLE»  Jow .(Freidmund et al, 1994: 29

.Wischmeier and Smith, 1978: 18) el (V) dlal, & g0d) a5 &S 0

A=R*K*Cx*xLS*P )

SB syl 03 oo et By 5 65ld Giulad 2 1 Sk wad b R) ol b
P9 5 ey G S els deracl Lawg g 5l o)Ll fule b 4y Cond SL Conlis 4 (K)
P olo o)Ll o 1951 g ol Jsb a0 LS .l S ol )8 05911 10 (6,900 25 S ol 0gd oo J S
5O A Gl s 9 Copde pmoam e SISIC g P el ile Copoe e C g sbls fele 4
(e 32ly o 50 e slastall ol &em o)ls ot Jsb 5 cd p am e B LS Jele a5 Jl>
.[Dabral et al, 2008: 1788) wois Jlo

(R) oyl (Fislus b Jole

Wischmeier and Smith, ) oS’ o oSais |, SI mhaw 5 S,b 550 o5 Sl 51 R) Syl siala
Jodlty 5351 41 (i 5551 Jess 5 o S L ol kb 0555 b S il b Ly, 49781 18
.(Arnoldus, 1980: 131) wb oo (iul3dl Sl cal ildl b Swb Gole g cplply fogd co s
.Choudhury and Nayak, 2003: 388) 5,5 Lo (V) dlal; & g0 lss o |y (Sai,b 51 oo il

R=79+0.363 P, ™
ROW P W RV FRENC < U0 RPN RS

K) SB g rdysiule b Jole

Sl S ol Gud o Sdages 5 ol ol 3 4 S S canlis Slo SB g pdginle,d Jale
O IPAY (it 5 3t ) 3 s i 1 bl (85508 Aty o] JUish 5 ol b i (555
ooly Lid (V) Jgaz ;0 aS Cawl 0ged slgiion |y (golacl calizes oS> 6 ndy ol 8 oo sl 5,90
Sk ocdb dew )l (K) S gpdgioled Jole dois &g5 jolaieds @V A4 (odar)) Sl 00
0,5 oolawl (V) Jaa Sledlbol g ol pl ViV e e v e



VY 0 lod 1093 § oy Jlw IF¥ ybnno;

#F [ ancugs g Ll yaa

(K) S g iy Salbw b o o) Joor

K SB Cands K S Cunsyg
-/ ohale B pslie Lol 10 Slo S Gidigy b (s S
< IFY fy glawls slacsls A\ Glawle lass
DRV sy e anle b ) slaSs Y o ees) sl S
JYY oy sl “JfA s b sas>
<Y oy ooy} S - IY0 oy e slaS

DV VAN (oaan] izl

(LS) e 510,555 g o Jobo

Jsb i aalss aloe (DEM') Jlozs olis)) o 5l ooliceasl b (S) o 5 (L) e Jsb slo, 5516
A8 o 0595 p e JU SO a4 ey 0br b 0 pS 0 Ojgpe 518 gm, ol 5o a5 1) glalols s
ol G pets 985 o 0500 ol 6) 5 L) Jele bawgs ol d pr cd 5 Jsb il 5 05 0 o
5 o) Ol Al e (e alold Glyieas ok Jsb sl ok Jsb 4 S S 235 jam BaliS s
cé, ,aa .Olorunfemi et al, 2020: 108) sgi 0 (5 S ojll mdo s b Iyzme JUIS Gy Sy, alass
celie Hebdr (reej Guman Sla Shg «onl 2 ogdle wlioe SRl ot Job Bl L mlaw wly 0 S
St 53 |y Sl laoand 45 wms oo Lid ol -(Wang et al, 2020: 3653) 5,38 o Ll S il
5 L) Jule 0gd g0 i8S a5 13 (LS) oo dwle sl (55900 syl SO (nlpliy f0iS oo J 55 ooz
(Vijith et al, 2018: 1369) 5,5 by (%) dlal, & g0ty lgi so |, )

D)
LS= [(Flow accumulation grid) x (cell size/22.13)]° x [Sin (slope grid x0.01745)/0.0896]**

23,5 oo 0ol «GISY lasre 1o Loly 4 ozl Jos gl /- YVED sae 1 cdoles o) 5o

(C) (AL Gidigy o pe u pb
Wischmeier ) 555 o b3l (o2l)5 ooy 51 S 28 500 Cod 615 0jlail b (C) alS idigy o poe
byl ey Gibsyl e 518 Slads wlul p 1, (C) ,eSU a5 (5 L .@nd Smith, 1978: 19
ooliinl b g €OLI A Cowwdi pgai 5l ooliiusl b oy il s 0,5 & .Pandey et al, 2007: 733) wslos .S

S ales agd (V) Jgoz

O iga] (6 335 AliSe (s WS (6l gy Cu poe ]yl o HlY Jgu

@l | 2bomey | alS Ghiiny (65)9liS| (G5Same| oy Giebial ey 628 Sl
Y feesh | IYA | eleeY C Sk
Pandey et al, 2007: 733 -ixi

1. Digital Elevation Model



VY 0 lods 093 8 Commns Jlw IFo¥ ybiuane;

#0 M aawgs g Ll o

P) SB cblis ollas Jole

&ly s Jolse C 5 05800 S8 SB 5l cbli> Gl slaogeds Jawgs Slly, 5 gy odgi 0,Slae
iy 5 enbelasl (il sla s, b SB il Glie s o Sy, 5 S Giloys ials
Foe SL Gl g S Gl ol caS oy, 5 )l cotS (at (65,0liS 09 h o (reend SiS )
Sloladl sl YL sble> Sldee 5l ax 2 000 o plid |y el sbla> Olles polie ¥ Jaa ool
(Shin, 1999: 47) ceul a8 S ialu b 30,5390 sl ool

At gaead jo SBl> Sldes polio Y Jguer
YAIP < \V/E-YEIA VVY-$NY Y-\ =Y (32 ,0) s
- 10 -/F0 -/f - Y “IVY P st
1999 ¢ s s lo

S il b AL g 3 LAY 50l

ol s wedeliwod slael dls g adlaie Lyl s Gillas o] 51 plaS 0 saidids g laaY 45 5
5 ilwonlel b canail Gialuyb il S 4 5 4 555 sloaY Sligen b S ialo
sldele oo Jol> b 5l S AL C8) j0e jlade (i) Dygot Sl 9550 Sl slaa¥ Ay
,» «Raster Calculator» 4,35 4 «Spatial Analyst» 13l 5l eolawl b g ) dlayl) @ a9 L «RUSLE» Juw
Al Aplg dwle Jlo jo (LSe 5 5 caws  AICGISY Lo

GBS by o b y3058 (sl L
(NDVI) ouisJlo i (aLS ingy oL

ooliiwl b oS conl alS idg (g, Jle 508 (NDVI) oas Jlo 5 (ol g Jolas sl
5 ble) Wil ¥ Al Ojgoa a3l (pl Canad ppai gl e Cassdy He0l et (55108 ]
(FF) o Kan

NDVI= (IR-R)/(IR+R) )

oo (i Iy olS b lulyd glgil a5 Col e s g0 D93 6551 el Byee 2Ll
D s ¥ clawly j NDVI» (asls dsbs sl 058 oo Su0 o 45 NDVI» ppolie sl alie L5 il
L3 axlllas Sy90 aslaio 6‘).’ )5S~.\A ua.>-Lw FRA 9 (f :\.ja.s‘)) & ookl Yo VY JLA.AJ «OLI A covacd» ).’9@

el Cawdas «ENVI5.6 33l 5> 5l ool

1. Normalized Difference Vegetation Index (NDVI)



VY 0 lod 1093 § oy Jlw IF¥ ybnno;

78 B aawugi g Lidlyaa

TWI) 3155155 Cashy a5l
8y TOPMODEL g~ jo,b Jaw ,0 (VAVA) oS5 g g0 dlwgay [Lboydgl (Bl Sae5 Cugb, jasli
O o Sopd Ll SO laieas 5 Sl (o5 Ojgoas Sy, wdgs 1y (S5 ee )-*-’L’ Ny oo 45 0
A lie 0 TWI.()FF PN [ (Ca 5 (KLo) 35S 0 0yl 00 |, S Cugb, SlS6 au395 9 s gLl 3blis
b bye o35 3 Slse silms 3 Slyr % oaSlE il S8 S S sl L
Slp eals Gleea TWIE aid 5l oolatwl Jolds oo IS cpl 5l olddigad a5 098 o colaiwl 535 (55,5LaS
wibe) ol (B Sng sl Sy s TWE oS 5 w5 90l 4 (3l)) 3 (ogada as)ie ;0 S Cosb) 555l
&5 S &5 motn Sl S oash) LB As ln 6055 Olrea ;oS L (Gt Ll it gl
0 daly, &jsoas Sl Se e cugb, jasls .@Qinetal, 2009: 35) ail co yige owlidio ;0 (S slo Sy s

.Moore and Grayson, 1991: 8) el saiadl )|

TWI = Ag/tan )

L Job axly 10 CewoVl Colus) CawoVl oot Colus sy a9 09 prhaw Agouds S8 dlaly o

onl il ce cud Ao Akl s 0 Gadaes a |, O ilS adle ol aib e el a0 B (Gl

ST sl 1) 22515 slag s hled 5 (g o) 55> 5l akais Lo 45 Hadaes 4 |y ol (lF (aslo
WSS o o gi (oo 8 (Slgyoud cud (lgiedr 1 cun ) Cawd il 4

(SPI") anlpl oylgi yaslis

Oty gy domo 5 Gialod Slalllas jo 008 jsbay 5 Conl (@551 Bpan by liee a2lpl ol
y oadaiy @lad JUl cod,l (asls ol Geizmen ogdice oolitel )l ol Gialeyd 058 (S5l
e ol il 1 bl conlin o 3Sug, b Sl Gl (il B jlaleir (b))l sl Conl (o 9 05 (o0 sl
ol s SUlsy Gk heslitul LT, Sl &jlas Jowily (2lad s cnl 0edoo 0L,z Sl 5 Sllasil 4
.Sharma, 2010: 205) 555 s dnloes & dlasl, & g0 (SPI) anl ] g5 (asls a8 oo e o3l

SPI=Agtan B *)
A e s g g alls dalaie (oS S ol Ay g tan Boos S8 dlal,y o

(Curvator) awls sbsl (asLi
5 mlw,d (5Lm¢:,g—l)é Omled @ a4 aas o plis ol | iSe) ass cud slissl b oacals sl
e bzl SO glle aS A2 oo olad 1) é‘;y}: S59s8 90 lad slizsl polas .ASGQ SLS il

1. Topographic Wetness Index (TWI)
2. Stream Power Index (SPI)



VY 0 lods 093 8 Commns Jlw IFo¥ ybiuane;

Y D aags g Ll o

Lol ua.‘>l.u 9)0"‘ )‘ ‘(Ylaf AR ‘u‘)ls.o.% 9 \))) Cnl Blo Cj.'a.w OMOQLMJ ).Q.a )‘\-\.Q.A O o S
Curvature,  Jols a4 aw culps,o 9 055,5 ags Arc Map lase ,o YesVe olul LDEM 1 oolatnl b acels

.035,5 sl | profile Curvatur, Plan curvature

(Profile Curvator) g bl (asLis

e lisul cplply cwl Bl e Jsb 5o ol v cud s 55l Byae mhaw sbis!
ok Lodl ol i jlade 4 (g 5bas 09d o0 6 NS gmsy 5 Jo slaanTp 5 OF (b2 ol sateslad
] oSl 1Y Ay &y guoas

nxglaxd®+bxe?+c+dxe)/(d*+e?)(1+ (d?e?)'" )

(Plan Curvator) ataie sl a5l
e 9 28y samsplas plply il o somie SO Jsb jo Cpr Ol Sls cadade sl
b g bl Jllas 805,550 as oologlid |y (b > ol 3y adate sboul caie polie .l (SK31,5 995
)S.A » QL).)‘) o> 5 ;l.ou‘ ‘_g)..fo)".\;l ..\.‘>‘5 ..\.moso ULH.) ‘) (Lbo)é) Lbul.ﬁ)} @‘;pﬁ QT QSQM )JQLO.G 9 w‘
A daly O g0y ahate slissl jasll (VP a0 L) 055 o gl (o Voo 10 d>30) yin pax o b

.C~»|odui;4§|)|
nxg(bxd2+ax ez—Cdee)/(d2+92)1-5 "

anlllan 3,390 Adgo 15 glin b A b Kb 9055 slo 5L bl
5 ST )J3le 5 5l aslllas 5 )90 ddg> S fole 3 A28 b SG8)50985 slo s LS| (o) 0 sl
5y90 dog> S sl 3 L bLS ) o ezl ool 51 Soym (6,138 51 e B o ooliiwl R Sguw S, il
— Ao TP SIS 4 b ls ol 51 SOy Jlade dawgie Bae ol 4 dbcans gl s Lo axdllas

Db BeS g St polie Glls asem 1) alaS AT Wb Lasuie Cpizied el Casd

b g Con
oS! dllo Yo &Y g alale 3,0 el «R) )b (Sasle g Jole dulxo ca> «R) oLl (Suulo,d Lol
polie (V) dlayly 5l eolaznl b (MIF) a5 )58 ouls 2ol (oLl 3l eolaiul b s .85 113 colaiul 8 )50 (el b
P9y 4 o Jlesl 9 AIC GIS asly Lanes 4y slasl cpl JUIL 28,5 )18 avulore 9550 R) il (Sonle 8
odalice a5 aigs jlod Cal 00l &l (V) JSo j0 a5 wuo 5 4y R) Sl &lyss 650 Ve (g 0, 4l IDW

1. Rejith



FA M ancgs g Ll yaa

YY o ko (090 g Coman Jlw SF+Y oyl

a Loy o o)1 Moo it ol piie (Jlo 1o LS e oo 2 Jo3Ee) AF/AS B FONY IR e 59 o

el 409> iz g (655 0 Glociend 4 bgyje ()] (n S g Sl slacuend
il a2k g (V) Joux jl eslitud b S gpdyohle g il Ags Sexr oK) B apdilos Lol
o odlolid (V) UKo j0 a5 0o 5 agd S g pdsyimle,d Jole 60 Vo (6w, dnds o))l ST VYR - oo
5 0uiSTy yobar o Jlod slaeond el ke +SFY B NY (oo K lade sdaliasdy gl sulul pr cau

plaisl 3> 4 K ke (508 (580 0oiz g wogiz Gladend s K jlade (p iy 409> (535 50 sla i

ol 00l

«ASTER» o,lsale (DEM 30m) 098, £l )| Jow 5l (LS) B85 es Jole dbre gz ALS) I S5as Jole
(Flow Direction) b ,> cyz dids ArcGIS sl laxe o ArcHydro I3l g acds ol 5l eolatwl b .ol oolail

doi g 28,8 18 aulee 9,590 (Flow Acculation)  sezs b, dcds Fdr acs 5l eolaiwl b e 0l aisle

Al i LS 6y Yo (6 i,y add (F) dlal, 0 o5 b coles 0 .000,5 oldey DEM aiis oolail b i d j0 4y s
Jess 3ble ol pxio OVO B+ 5ILS Jlade sdeliawsts zuls 4 axg b .ol 0ol sologlas (F) JSo jo o

sl dog> (LS) 3l Sag ele and K& 50 adlie s i LS )l adg> (08 wgi g wgix o Byl
L) 00y AEU 63‘)’9"‘3)55
0lis VE ) Lo (gl NDVI oL 5l ooliczal | (C) ol sy oo aki hugs g C) ooleF ey ol
B 1)) e C ole 05 oo ssalive (0) USS 0 a5 aisS lod 8,8 8 drusbes 5,90 (C) alS gy ke
ol adg> gt blie g Cunl Jl0)55 5 (6 S e C e jlass> o8 Jlad g Jled Bblis .ol piite < /7Y

Lol ooly plaisl og> 4y ly 5505 C

B F L 8 ) adg S 6l 5 P) S bl lles ol

FYode FAowr p FAo\ mE FAoYa nE FAoTw E
L " L " n

FACFt nE
L

N
3 St
- <
‘: 1 e
£
z
L
z P
H B
v 2
3 t
=
Lual,
]S
S iyl el
X z
0.42 7
=Z 037 _'S
2 | Hlo2 S
‘:’ >
>
1S KM
0510 20 30 40
o' "E " "E A% E Ay "E L2738 O = Wr E

el &g (K) ST 5y il Jole 2 o IS

(VF Y GEWS oy 9 4ugi) (Bl yr9i0395

FAot mE

FACYw nE

YAost N

Tyean yenN
A

N
W+E ‘z
s [2
<
r
z
a5
P
Fa
3
B
>
e
e
b Farle b Jele
Value
s High : 84.96
B Low:dsa2 z
muU— L kM | =]
0510 20 30 40 | "o
: : T T T e
A% E A% "E AT "E Ay E °,>_

S pgi05eT il ddgm (R) oyl Foiglo b Jolo &iddis ¥ JSs

VEY (Bl e g 4



VY o loss o903 Comnt JLo NE+Y (3 liuno

£ [ aags g Ldl,aa

TYoO YerN
H

Fhow FAow E FAOL g FAOY.t E FAOT g
= 1 1 1 I
Z N
N 5
% s w%& |
b s >
%
s
g z
Sl -
3 i 3
> s
> og e
|| e,
) s 5
(RN .‘.s;,w'J-k
e 2 , ‘alue
g5 High : 5.75
S gy e -
Value -
High : 0.62 .Z -
Low : 0.11 - %
g ¥ 1 kv
0510 20 30 °l>— a 0510 20 30 40 c)
T T v T 2 o o . R 2
A% E A E A%y " E Ay "E > A% "E A% "E A%y E Ay E

YYORAT N
L

SBlrgiorss sl hdg> (C) (LS Giivgy Jole didii b JSio Slg0jss jusul hdge (LS) (315 grg8 Jolo dbis o Yo
VFe ¥ W, s g g JE T GBS o 7 g g

Sy90 Adg> S julw 3 Sled 4l 4 gl abls a5 jsbles (RUSLE) S &Vls iulu 3 lawgie 4ids
4 pladl «Raster Calculator» |5l 5l eolaiwl b g “AICMAPY Lasxs ;o « RUSLE» Jaw sloay Sliges b asllas
B e S SVl iole 8 lade 0gd g0 aa>de alss ol 0 a5 jobjlen (F JSB) 00 )5 29,3 dil 4

0035 gty Cyrizmad 3 By Jlod sloand 15 o1 e o sion 4 sl ke L 0 S 5 o3 YEIFY
Qj.mksc odalie 8 dog> o9 6me~3" 3 I

FAow wE FACYt i FACY v FAoY
I ' n L
N

i
m
\"A°il' N

YAoF N
L

=z
z e
v I3
4 B
g >
s T
>
3
Lazaly
S AVl Sl b
Value
- High : 26.63
- Low: 0
=z
ML kM | =.
0 510 20 30 40 Lo
T T T T >
AL E A% "E FA°YSE L7358 R = o

Sly970395 sl b9 (RUSLE) S &Yl (il 48 duiidii 15 s

VoY (W, s g g



YYoa TN TAoSt N

TYORA N

vy O)LA.C': P90 § Cmand JLw SFY gb‘.m»)

Ve ancg gLl o

S y30555 slo 5L
g wae S50 Sleas by 09lo | mlaw Gl il )l saissLis slissl s (Curvator) acols b/ el
oolawl 4lgi oo (ye aw (55lg0al (line (5 S oslasl gly slizil asli 5laes oo lid 1) ails jog pede
aL1(V) UKo 50 45 ol 4 ArcMapy L o 8ly 450565 jusul Aoe> (sly sliol jasli g0 5 0905
YEIEE B VAND oo el (0 dslllas 050 Adg> (gl diols slizsl ozl lode (S 4 4z g8 b .l 00l
el oy

Codo polie ol S8l T 005 ol Ser g ol Sl 8o lis asli ol (Plan Curvator) mxbw sle/ a2l
b, ol Sep ol ite polie 5 sl o ul s 3055 150 a5 sololis 1) b, ol 51y oD sl
Ol Gro Veor 0 ax0) o paz 0 by p bol) cas bzl (6 5 os5lail axly ams o Llis 1) (Laoyo)
el Jloke (S axgi b amo oo lid 1) Blpgio;sS sl Aog> (Db clissl jasle (A) S5 00,5 oo
Glaiond (S0 4 4z g b uiomen il g0 i VF/AQ B -VYNVD o dsdlas 050 5> (5l prlans sl
S ) S 9 Fokm polie sl cifa (B sz g e slagise g ade> Jled g 635 e
el 00l plais]

s Job 50 (Ol S ool s o3Il By Judg  slisal (Profil Curvator) xbds sl azls
oliss 1) L) yaie zshw o] Cote Jlade g (555) wome zokaw Cire Lowl opl bt jlade el by
Jlade (S gl 4 axgi bamo e lid |y (BlgiossS msul Ao adaie sl asls (1) 5o om0
DB e VOIYY B =VF/+ 0 s anlllas 5550 &S5 (5l 00wl Cawoas

FAowr v FAerer onp FAoYa omp FAeYwnp FAowr np FAo\r np FAoYs mE FAoYr inE
s s L L L A L .
z NO|Z
S Z )
[o % w%g';\
® o \ e
> A ha
< S
s
=
£ z
» s,
Ly Z ¥
a 3 Fa
o > 9
i L)
+ 3 A .
b e
>
. v
Lal,
(S Ll
e sblind ol — ]
Value i gl
o Hieh: 1405 Value |
- s z . High : 26.44
) UL kMR e Ld =
o510 20 30 4 |0 Z &>
- - ) MUk g
P TR R W Y a 0510 20 30 4 |
A E A% E FA°Y. "E FA°Y "E 21 y ; ; . b
s A% "E FAN"E Y E AT "E

(Plan Curvator) gdaw «bou! asLis i (A Jsi (CUNVALOT) aels sl as U &5 ¥ JSCi

Slrgiojss miul dse>
VE T ey, oy g g

Slriesss il dog>



VY o loss o903 Comnt JLo NE+Y (3 liuno

VY D daniugs g Lsh,ha

FAow onp FAC\t nE FAYar onE FASY o E
L L L s
N £
> =
g w Eff
b B
< S
ha
=z
‘.
z e
= I3
il B
3 x
>
T
[,
[N
Hadie o o\l
Value
oy High 1523
- ees =Z
4 2
: UL KM |8
- 05110 20 30 40 °
a ] >
w . . v . =
T A% "E A% "E AT E FA°YS E

5132950395 jiul Asg (Profil Curvator) aaie sbau! (oL duiis 4 s

30 e ABais J).._.L. bacaolis (TWI) 3l See5 Cugb, asls (TWI) 8/ 5a Cush, ezl
soul o> 0 Bl Sag cusb, pasls olad g c8S Ojge S SIS Cosh, deulre sy
Go—/e) Bogazs 0 (TWI) 81 5as Cogb, asli Jlade .ol oads &1 (Vo) S, « 8l g50545»
Slhe Cod 0 S SlSee Cusb, arls YL Jlake a5 wes oo ol (V) JSG il e YYIYY
5 2 Sy e (e lwud [0 oS polis a5 Jl o isd o 8l (Blo g lgen mhaw) 4>
sl a5 bls g,cnlil sl Jgoro «(Gloubl g Jlocas sble) ppl dog> B0 Jld 5l olbcwnd
ibline 4 Cond | (65 i g,y Gl 3 Jhas |5 aitiis Sl glls acia YU 31,5995 Cugb, asli
oSl 5 bl e Lo ails (1S g065 Cusb, (el aly polie lls a5

wals asle |y wlie )b, bghas a5 cawl (gan 13 «(SPI) b, &j08 jasls (GP1) Sl &, jasls
u.wbﬁ‘ La aS cowl L)L')} ul.w BMQOLA di.w )JOLO.Q ‘JL‘>Q.:‘ l.: ».\..5‘50 LS""’O”’""’ (TWI) bﬁ‘;y}v w5.|o)
B /0 o €« Blpgio;ss» pdul dog ,0 «SPD polie ool ioli8l b 0 ety ol et ey
ool 3l el S5l Giale ey b Lt b, ©pa3 asls aSonl 4 axg5 b oail e YY/AY
Fomb polie a5 Jl> o 05 aales YL ol 3 Jeusly glils el ol o «SPI» ol; ol L a5 dblee
ul.s).‘> u)Jé ua.‘>Lw 6YL ):OLB.A as DO 0 QL"“" (\ V) Jiw 5)0"‘ )‘ | Sy JM.:Lu GEM éu\.o.(béut.«.t
odnlive jub ddg> IS ;0 ouiSly Ojgods aldl sl 35 el adg> 35 e g Jlod Ceowd [0 5 i «SPI»
D9

L;‘)" GLQLC u‘a..\.cdq LgoLC LSQL"? u,u...oﬁ.’ LSLQ&}LM: )| oolazwl L, :(NDVI) DMJ[A)J L;QLf ()"‘""‘J}" ua}L.u
aalllas cpl 10 098 o solitwl Conl S palS 5 pe Cupe 4 bgse 5t a5 SB ol ,d 5,60
b i8S Ll e alS Ade o515 5 Ol Sl plgieas (NDVD oa Jlo i (LS idgy el



VY o 5los 90 g Comy JLo VY (yluno )

VY D aniugi g Ll yaa

2olie g0yl el Casods & Cawad ojlgale slaools SIVEY Jlo lp gole alS jiig atls pgas

IS asbie IAD B =+ IV o anels jo « Blge3e8Y ssul dbgx jo sad oy oL ibg Latls
REX 0 olis 1) asllas o500 dse> (NDVI) 00l Jlo 8 Gal.f gy ezl (VYY)

FAow g
. z z
z tx F i
3 = 3 =
= =
= =
Z  Z £
F - J a
: g = 3
[ ey .
)
syl oy els
Value
s High : 23.83
s
- . z
z :, F kv [ 2
= UL kM [ & al 0510 20 30 40 s
:’_ u":‘ SE n"\:' SE fA°\"~' <E: M"rl~'~‘E = WhEE TR R AR RE
. . - R 51 13650395 il dsg> (TWI) 81,5995 > Lo ddds Y &
lpsossS il dudg> (SPI) ablpl olgf s s s 1) S Slngeiss niul ddg> Sl ng cagb) o> g
JF Y S BW, S ; ;
e e . . OB )00 oy g g
) ¥ rob’.,b)&‘w/} g
FAow wE FAO\ M E FASYw nE FAoYw E

=
+
m
N

TAoF N

=z
L2
= *
3 ta
> a
< B
3 <
S
>
v
Laial,
Badgy;
o Jloyi AL g 5L
Value =
o High : 0.85 &
Z (-0 muU— 1L kv |3
3 0510 20 30 4 o
2 T T T v T
> A E A% E Y E AT E

SSlpgoiss ).aui 459> (NDVI) ouds Jlo i (LS giligy oLl &l Y o
VFo P WS o g g’

970595 el Badgo 513 30 Ghalw b yolie b oulig! ol (sl sl (ylae bLI
TWI, SPI, Slope, Curvature, Plan Curvature, Profile) sle asls 5l G o (ganaiyy gleacd aS pl 5l

L 13 Sgew S, dal) & g0t S BV ol e b o asls ool bLS | wslcassas (Curvature, NDVI
Gl Aoy SO eygem )5, L3m5 S0 Sleds 098 Lasiine ] Siaaed (e B o] Cowsdy «ExcelStaty
Ba 500 (o5 piie wiz b SO b piie SO L Gilabaly 4 4z b (oS e o (25l 0500 slp 45

ddged alal) cpl iz 05 ot 1) 65500 GlFee e SOl eslatul b aST el (59b abal) (pl 59 00



VY 0 lods 093 8 Commns Jlw IFo¥ ybiuane;

YYD daniogs g Lsl,ha

gl sloools (6 e 51 G e woliiul 8590 Jow a5 cl 1SS ol Baaoylis ¢ oS Culdo 0 V B e e
Iy osls (g pdy yss oolatul 8)50 Joo a5 o co (LS 35 Qo0 V) ok 5 WS sod e Loyl oSl SlLb1 o
JUSEIS TERSP PN W SN NS TR VN Sy NE:PAES P IREE JJRMEIA B WO R R
Jos «REGRESS» g, Statistics Jg3le 5| oolawl b g oals «ExcelStat» ,l38ls 5 laore o)ly ¥ oyl lawgin
5 (V) atly pie glyiear S AV (b bwgle oS, Joe ol 0 w08 el g S
3 (X) Jfiws slo psie ylaacas TWI, SPI, Slope, Curvature, Plan Curvature, Profile Curvature, NDVI gla azLs
bl crbans bl a1 glaasLi oozl Bl sl asli o o sdelcunsd s @ ax g basod a8 5 L
ik Y g LB Y e lF e VA S o b ci e (BSng Cush) g anls sl edaiie
2LS ide Jolis sla asls a5 b ys aslanils € 315505557 suiul dbg> S ulej o 1, )05 56
5 Uil e (Ko 3| ol zls ailasls S GVl oo 3 b esSae glabaly anlpl Glg g oo Jle
LS Guled o bls)l Ko gleas casl oal &1 0V B IY ) b S8 0 adllas 950 slo a>Lis
Ot o a5 (F Jou) <85 J18 ()bl (isa3l 090 (ygmyms g, 5l ooliil b adlllas 050 (slaazlis
Sl b Ll alils 0g2g lo gime ugSae dlaly conds Jloyi oLS jibg Jolw jasls L S AVl ol 3

o] 009 )‘)3)) 6)‘.3‘5.*40 p...QM 6“’*15-") C.E.Lc LgL..?u‘ 9 C.E.u sbsul oy

0/6 0/6
o/s /5 5
N 3 L
j-}g 0/4 . —%). 0/4 4
®
i y=0/0894x-0/8717 ° w g °
73! R2=0/0391 o o o LtL y=-00876x+ 12367
. o ‘ue 2 2 o0 o R*=0/0375
7 . on
C’; ’ "o N, % f"o\‘
0/1 g °‘s ® < X e 0/t ° e ) e .:
[ ] L ]
o 0
11 112 14 11/6 11/8 12 12/2 12/4 12/6 12 14 16 148 12 122 198 12/6 128
SS9 Cush,y (asls all g asls
by 2Li b S sl b bagio oo (Sowmod IF JS5 @508 sl b SB el 8 Lo (ybeo oSimod Y S
Slngiosss moul ddga ;3 TWI I )Se) 98 Slngiorss miul hog> 3 SPI oLy
Ve (b, o g g VY (B, e g g
0/6 0/6
o/5 q 05 °
- o _']k
-%)' 0/4 R ] 0/4 & .
: ¥ = 0/0165x + 0/0321 o d
? _ G o ¥ =-0/062x + 0/178
7] o R*=0/7518 G 73] Vs o 2= 0/1178
1 o 5\:;.
% 0/2 \:;' i e
01
o 2 A
o 0
0 -1/2 -1 0/8 06 -0/4 -0/2 0 0/2 0/4
0 5 10 15 20 25
s sl oadJleys oS idg Jolis ols |
Slope o (2l b S5 Jiulu 8 bwgio (b (SKiowod N IS ool L S vl luwgio leo (Soummod 10505 10 S
Slrgioies mul ddg> y Slrgiojes mel dbg> )3 NDVI (ALS Sy

1Fe ¥ (b, s g g VEY (Bl e g 4



YY o ko (090 g Coman Jlw SF+Y oyl

izl (sl b S sl 3 Lausgie (oo (sSoiumnod VA JSCs

0/002

y =28/064x + 0/1248
R2 = 0/4095

0/004

0/006  0/008

SlrngiorsS sl ddg> 50 el

0/6

0/6

o
=

s

S sVl iole,s
3

o/o1 0/5

y =0/0637x + 0/188

R?=0/0656

o/s 1 1/5 2 2f5 3
acds oLl ‘P’L::

9@ 0 0 000

SRS EAR

P b S ol b busgie ol (Snod Hlog05 IV JSCis
Sl n9i0iss ol Adga ;3 akald Ll

vy =16/965x + 0/1491
R2=0/2055

0/002 0/004 0/006 0/008 0/01 0/012

970595 il Adgm 5 adaite sLionil Laslis b S iylu b Lawgio oo Kiwuad g0 14 S5

VFo Y (Bl o g g

Slngiojes )..::J doge 10 S AVl gl 8 L axdllac 590 s a3 Li polio Siuwod F Jguo

TWI

SPI

NDVI

SLOPE

Curvatore

Plan Curvatore Profil Curvatore

RUSLE

0/19

-0/19

-0/35*

0/88**

0/25

0/64** 0/45**

Ao, A0 mhaw o sliebl s 0s )0 0 mhaw jo Ll

V¥ 6w, G sl

AS .t
Gty

5 SB Saled Gl o)z 9 (2Ll 4 eadedlal SI ole B Sl Jow sl eslaial b ey ool 5o

318y Sl il 3 € Blgios s el Adgm 3 ALS by 5 Kb sy sloasla b o] bLS)
Lol S &Yl (iole 3 lavgie a5 woo co Lis axdllas 8,90 dog> 10 yiulu 3 (guiudigy bl .ol ool
2SS ibe g sonlBl laylil (31T 458 Jols Oloss ol Jlade ol e Jlo yo JlSe o £/AY
Jole Aids )y 08,5 oauol |y asg> o Jluil slacJled )...sl.s 5 wlwdl Jole wls adl as” sl ooga0me
AYIAF B SONY o ddlhio R aii 4 a9 b Jole ol polie a5 osloplis asss mhaw ;o L Sanls 3



VY 0 lods 093 8 Commns Jlw IFo¥ ybiuane;

VO ED dancugi g Lisl,ha

PP 50 g 03 Fm plie Slils adsm odpy (e o a5 Sl pste Jlu jo LS yie e n Joi5e
ey R Jole ol 50 5oty aiibise 538 G35 yinS s ws35 e (o215 Logasio £l oS
Srdibe B a8 Joo onl Jole 00 000 aslllas 3,50 Aog> alidie (g )3 (LL g eli)) el L (oo
5 il b 4 S Comsles Ol o piiie 45 S5 peiie SFY B NY G o lie glls cl S
5 o9 Gcand )0 55 ol ke 368 rizen 09dse Joli |y adg> 6 Jled 5 Jlod slaciand
obis |y SB Gl Gl » S99 b 5 IS Jele amoige lis | (358 Jlod 5l placuend
Gial3dl ) s T Gl sy Wlgi s e 5 Jsb ialidl 45 ol sid oolopylis adly o ans e
sl s Jsb 5 ol s Slid & S als il 08 S Lialed Lihil 4 joie 5 ool
BLST s S e g Jole il o OIVO b ulyy aslllas 5,50 &> 4o Jole ol oo Jawsgio ol
aog> S iglod s 825 ol pite /FY B o) addllas 5,50 A05m sl Jele ol prolie ool
boe ;5 Bl ng (AL Gids S Gpdiohled Ol Sanle b sbbaY Sliges 5 oS5 5l &S
oS aalcessay Jlo ,o JLSa s oF YEFY b+ oy asdllae 5,50 ddgm 0 isle,d e 0y0,5 ass «GIS»
S by 0 e OYAY) Kes 5 oo il oo Suo35 Craiome pbos i b S ilod e oyl
Ol wlogylis lag] imgh mls 55,5 8,5l «RUSLE» Jow L € Yb» &og> o |, iolwyd 51 ol
e OYAY) 5 en 5 b, ailoo Jlo 5o iS50 03 AV/) b+ oy aslllae 3,50 &l o il 3
3,30 RUSLE» o b 8 50,0 oliwl (5,05 Coim «SGol8» dog> 0 1) iolw,d 5l 66 S cé) jua
LSe35 ¥ b e 5 adlias 590 &ilate S 45 Lisluyd oliee sloplis T byl b aisls )5 asllas
(MWD (S50 Cagh, (NDVD oudJloy (olS idg slagaslsy 5l togn cnl jo adlioe Jlo o
rhw cbosl o(Curvatore) awels cbssl slaasls uized g (SlOpe) cods «(SPI) anlpl ol j08
Lo oyl cax jelatermas .l oolanwl (Profile Curvatore) shaie :Lissl ja3li g (PlanCurvatore)
Lo solital VEe Y Jlo sl 10l (owlidiinme) colo 5loads 35T A cewadd lojlsale pgas 5| <NDVI»
a byrye poter o S Gloyd oyl @l Ghle plsiear ol olS (rdg glagasls 5l eolin
(NDVI) osis oy aLS iiigy asli andlae oyl 4o 058 co oolis] Conl S 2alS 5 cyne) oo
PLS Gl als polie g)cnli) il a8 S I s el s o515 g Ol xSosll plsreay
Gl aslo ol e b saslse +JAD B =+ VY p anals 1o € Blyy5305557 sl dg> o end Lo s
50 Adsm 5 3 655 po S (il s dxgi b el yuie A B /2Y) L s candliae 590 Adg>
WS B et 5 Jlod slaciend) absm slaceand pls & Cod (55 LS b ) casllls
bogazs 0 (TWI) 81 5ag Cusb, axls jlade .cosl anlpyl flgs &ya8 (als [ Soo alilco Lo (58
5 Jgod ) ads> slos Ceand )0 e STas Cusb, Lasli YL e il e YYYY B —o/0 )
Jledr 5l pladend 5 (058 «(3rd 0y iopr Glatwend )3 oS polie &S Jloys wighoe CSb (Slo
155155 g, asls STls o Liblie 5,0l sl Jsane ML 5 o 3blis) 500 s> By
ol olis shlo o Ablis & S |y (8500 sy el b ) At Saenl (slls azis Y
anl | olgs ezl (SPI) anlpl ol &y08 asls . WSall 5 aib oo 1ls Wiyl 81,5 es5 Coghb, asls



VY 0 lod 1093 § oy Jlw IF¥ ybnno;

Y7 [ ancags g Ll yaa

pdlie Jlo il b 55 e e, S sk, a3LE Al |, el ol Lglas o el (sunl b
«SPI» polie .cuwl Giolidl b o e puds Of cods e s 01581 L oS sl b, Ol saes lad asis
wlyl oy sasls b S iales LU, mls asls YWAY b J0F o & Blyy5i05550 juiul Aos> 4
ol 0353 553 diaaS o 43 «SPI» yolie walllas 500 dibate 5 S lud olee ial3dl b aS slalid
5 ol (355055 (655099 ,90 Bocmaylid ] polie aF aiels sl slaasli caalllas 5,50 sloasls oo
iie Lol 5 YU 4y 5, pmie Sy Oy Corte (gl ol Hho ke Ky g e wiote clizl Syl s
«Rejith et al, 2019: 350) cewl CBlo Fohw sapolid oo Jlade yiored ol Gl @ g, Case Sl
a5 ol s bl QKoo el el Cawsas YEIFE B VAN - Ll cadgs gl asls opl jlade cplpls
ol (Sl S5 S 5 STy Bms s calnliy sailse it K oo 5o Sz St S
Ol i polie g el bguciw g bl Jllas 505,.5 10 aS sololad 1) b > ol5Ts oM sl (i polae
oy @l VELO U VYN b il asls ol puolie 5,0l 5l samse olid |y (0oy3) gk, ol Sod
Ol e Jsb 30 lie (i cond S B3lil Bpxe o alae sl (el o 0505 dalllae 550
(sike laie 4S5 gbas 35 co (S Cgmy g Jo slaai T 5 OF (> wad sateslas jasls l
Ll pals Gal polie amope (LS | (G5 jaie gohaw ol Cute i 5 (555) aze sl il
L) aslllas 0,90 sloamlis 5 SO yo conslcawods gl 4 axgi b Coles )0 ael cawsas VOIYY L -1/ 0
5 ot AL Al o5 WS aie (Srees A, S b g ool S5 Aulie 5,50 SL lud
-zl Bl slaasli o 5o edelcisods ol Lulwl 5 0)ls ddllas o5 dilaie iolw 8 |, (6,135,500 56S
VA s oo b i pay B8 e Cugb, g aials slisul calate sbiswl rlaw sl coods s glaalis onls
5 dilails € Blygioie» il dogx S jislwyd 0 1) 608,80 St /oY g /o8 eIV /e
oosSas slably 1Y 5 N ppolie b e ay canlpl g g eadJlo i (LS (idgy ol slaasls o5 J
3550 gy gy 5 eolaiwl b allas 0,50 slo asli L S isled o latils S &Yl ole g b
ablag LS gy S5 a3l b ST AL fali b o it 5 (F Ja2) S5 3 el (90
G Fon s Ayl alade glizdl g pdaw bzl il o amlis b Lol aiils 0929 o s wgSans dlayl
Cdy jan 5l B oS SBul obla> Slaged o)) sbline 4o ol5,5las wab oo slpiny BT o .l oo )35
ol mls @ 4 b e ot 65)0laS Sl 00b vl cail )5 5 0ud (6,55l S S A
oIl (Galeyd Jas sl bl gancagsl 4 Cad Gl cpiule B 5 (AU sax OMSse S92
Cbli> Cypas 6lp Ll et 5l 6pSslr 5 Sy, Cupae sy il Glaasly 4 o po e (25T

2,5 pladl T 5l 6,10 0 00 g S



VY 0 lods 093 8 Commns Jlw IFo¥ ybiuane;

YY D daniugi g Lsl,ha

&Ll

DY i o)y olSails Ll F ol (o] Liale ) @0l 3slsdy30555 (VTAR) Gy c(gka]
5 ey sasls Gl (VF ) ASSCls jo0n bl pluc sl ool ilaas g, by 8 b0 kot
Dbl olad Lo (sl pedgas joul adg> 10 SI iolu)d jlas olulis g 0,50 lp (2LS Jidy
VY-35 Sl ) oyleds A 098 . lame
D0i:20.1001.1.22519424.1397.7.3.6.4
Sheslil b (B33l e Cammsl (gaipargy alds (LL3,1OYAY) Gled g8 1ol Lojde sarem 30 L
S5992,50955 S ERgT « S8 )50555 S APl (6,5, b Seiesd gem T g Oliebl HeS (ERL S,

AV Gl Y o)Lo.,.'f: Y 0,90 t5°5

D0i:20.1001.1.22519424.1397.7.3.6.4

oz ol wans Jde oS 5 5l eslitl b ol inloyd s b)) ((VF-1) 236 plals Lo, ol ST

S59959,50555 Lo Epgy )8 (Ll Culisg dle sl ases jo Bais (515 4tk g RUSLE) S aole )3
AAR-Y - q Slis ¥ oyl V) Jlo - oS

D0i:10.22034/GMPJ.2022.360905.1375
Jolse S b ol bls)l s SB islw s jas ass oL, OYAY) Slede 00,5 ¢0pbg,0l5caw> Sgame ¢ o «(533)

X Vv-fV0 wlxen ¥ O)Lo.w b4 0)50 ‘6)‘“5}*"“] 9 é’]‘ cu‘)du)l.a ‘55))15 r}u] MP ZGO)SA axdllas 6‘5]40!&
https://doi.org/10.22059/jrwm.2013.36516

sle Jow 5loolanwl b 5, ﬁﬂT aog> ulu,d gonaiy (OVF)) o) me sb_z';_é.llfl g ,lo e s gadle
FY-A? Slxao FA o,les Yo 0,50 .arwy g Ldl,a> GIS oo ;0 BLM § EPM (550 o
D0i:10.22111/GDI1J10.22111.2022.7002

2 2l )8 Ol J 30 e OFY) Gl plas sl ool cihae Bg5, lipl g 0o )8 ¢ wge (Susile

O o)Lt VY 0590 aroe Slalllas 5 Ll i islar (o2, 429> ©gm) 5 Gl ® Ol 2 Jlo S 090 G
AVEYY Olres

D0i:20.1001.1.20087845.1402.12.45.7.9

AL ity sl sl LU O F+1) ol plo el ool ilaas i, sl 53l sl 3 smge s gzl

Al XY ojleds (535058 5505559,000 (ElngiessS npl adsx 10 g g Gl polie b SU8j5e5)

N 0-V\YA Glas

https://doi.org/10.22034/hyd.2022.51464.1636
5 Oy Gloww gloazin po bLI I Ll ((VYA9) e M3U sooly salaae B, (gl way) toles,l (S ,3

FO-) Slras F oojleds A 090 . daore Sl bbloes 5 Ll iz ol liwl Bl yi 50565 J.a.zj Qo> S iwlw,s
D0i:10.22067/geoeh.2021.67020.0



https://dorl.net/dor/20.1001.1.22519424.1397.7.3.6.4
https://dorl.net/dor/20.1001.1.22519424.1397.7.3.6.4
https://dorl.net/dor/20.1001.1.22519424.1397.7.3.6.4
https://dorl.net/dor/20.1001.1.22519424.1397.7.3.6.4
doi:10.22034/GMPJ.2022.360905.1375
https://doi.org/10.22059/jrwm.2013.36516
https://doi.org/10.22111/gdij10.22111.2022.7002
Doi:20.1001.1.20087845.1402.12.45.7.9
Doi:20.1001.1.20087845.1402.12.45.7.9
https://doi.org/10.22034/hyd.2022.51464.1636
doi:10.22067/geoeh.2021.67020.0

VY 0 lod 1093 § oy Jlw IF¥ ybnno;

YA B aniugi g Ll yaa

G Ko 60,5 Jisl Olnss s i ((AWYAY) cwgad Jloz (600t tg00] s tdlllae o Sl DIS
0)35 Sl 5 Ghagh (ohaile Gliel o 8 psul ass> o GVl 5l Joe 5l ealinal b )5 w0

DY-FY Sl=io ¥ o lei .Y
Doi: 20.1001.1.20087845.1402.12.45.7.9

oolawl b gwy ades g S ol 3 e cwy (V0 Y) poxe s gl 555 Jedaste taeste (g

UL\M‘ OSJ.DLMJ ULAMJQA.AJ a).) JA.CLM‘ Jl{ ))).JT Mﬁ" :st)yo :LxJUa.A) W) C)Lo‘ JL\M U”"j) 9 RUSLE JAA )‘
NEYNP0 Olrao ¥ oojlods VY Jlo . oS (655099,50655 slo sidghs o(ylicoms

D0i:10.22034/GMPJ.2022.360813.1374

oarle A gy Gl ol @liBe Glapi )il Bixe (WWAY) sou S Loyde ¢ Jb 3 olayd tasion (S

S ol bl slagagh (ledS bl bgs adlaie wod 2l s o S Gﬂ DS 9 et

APV ED Slxio ) oyled Y)Y o)50

https://profdoc.um.ac.ir/paper-abstract-1042417.html

Slly, sl 3 28 ST L S ) 0 leis ws, OV FY) Gl ST damme LS 6 i Sgmmme plell ciiio S5

Vom0 Olan Y o lels Y 0j90 . aore ol 8 slayiags (B 50,2 lwl) S ail>og, ).»).»T Aog> 4
D0i:20.1001.1.22517812.1402.13.1.3.5

References

Ammar, AK., 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, Vol 15, 1776.

https://doi.org/10.3390/su15031776

Arnoldus, H.M.J (1980). approximation of the rainfall factor in the Universal Soil Loss Equation M, De
Boodt, D. Gabriels (Eds.), Assessment of Erosion, Wiley, Chichester, 127-132.

DOI: 10.4236/jgis.2012.46061

Aslam, B., Magsoom, A., Alaloul, W., Musarat, M. A., Jabbar, T., Zafar, A (2010). Soil erosion
susceptibility mapping using a GIS-based multi-criteria decision approach: Case of district Chitral,
Pakistan, Ain Shams Engineering Journal, Vol 12, No 2, 1637-1649.

https://doi.org/10.1016/j.asej.2020.09.015

Brini, 1., Dimitrios, D., Kalaitzidis, Ch (2021). Linking Soil Erosion Modeling to Landscape Patterns and
Geomorphometry: An Application in Crete, Greece, Appl. Sci, Vol 11, No 5684, 1-38.

https://doi.org/10.3390/app11125684

Chi, W., Wang, Y., Lou, Y., Na, Y., Luo, Q (2022). Effect of Land Use/Cover Change on Soil Wind Erosion
in the Yellow River Basin since the 1990s, Sustainability, Vol 14, No 19, 1-16.

https://doi.org/10.3390/su141912930

Choudhury, M.K., Nayak, T (2003). Estimation of soil erosion in Sagar Lake catchment of Central India
Proc, International Conference on Water and Environment, 387-392.

https://link.springer.com/article/10.1007/s40808-015-0034-1



https://dorl.net/dor/20.1001.1.20087845.1402.12.45.7.9
doi:10.22034/GMPJ.2022.360813.1374
https://profdoc.um.ac.ir/paper-abstract-1042417.html
https://profdoc.um.ac.ir/paper-abstract-1042417.html
Doi:20.1001.1.22517812.1402.13.1.3.5
Doi:20.1001.1.22517812.1402.13.1.3.5
https://doi.org/10.3390/su15031776
https://doi.org/10.3390/su15031776
doi:%2010.4236/jgis.2012.46061
doi:%2010.4236/jgis.2012.46061
https://doi.org/10.1016/j.asej.2020.09.015
https://doi.org/10.1016/j.asej.2020.09.015
https://doi.org/10.3390/app11125684
https://doi.org/10.3390/app11125684
https://doi.org/10.3390/su141912930
https://doi.org/10.3390/su141912930
https://link.springer.com/article/10.1007/s40808-015-0034-1

Yy o)l-m'b SPSQSWJL\H Y ol’&m&) ya [ wﬁjmlﬁa

Dabral, P.P., Baithuri, N., Pandey, A (2008). Soil erosion assessment in a hilly catchment of North Eastern
India using USLE, GIS and remote sensing, Water Resources Management, Vol 22, No 12, 1783-1798.

https://link.springer.com/article/10.1007/s11269-008-9253-9

Elsayed, A., Mostafa, A., Farag, O., Ahmad, B., Dmitry, E., Mohamad, S (2023). Integration of RUSLE
Model, Remote Sensing and GIS Techniques for Assessing Soil Erosion Hazards in Arid Zones,
Agriculture, Vol 13, No 35, 1-19.

DOI:10.3390/agriculture13010035

Imajjane, L., Belfoul, M., Elkadiri, R., Stokes, M (2020). Soil erosion assessmentin asemi aridenvironment:
casestudy from the Argana Corridor, Morocco, EnvironmentalEarthSciences, Vol 79, 409.

https://link.springer.com/article/10.1007/s12665-020-09127-8

Moore, 1.D., Grayson, R.B (1991). Digital terrain Modeling: A review of hydrological, Geomorphological
and Biological application, Hydrol. Vol 5, 3-30

https://doi.org/10.1002/hyp.3360050103

Olorunfemi, I.E., Komolafe, A.A., Fasinmirin, J.T., Olufayo, A.A. Akande, S.O (2020). A GIS-based
assessment of the potential soil erosion and flood hazard zones in EKkiti State, Southwestern Nigeria
using integrated RUSLE and HAND models CATENA, Land, Vol 194, 104725.

https://doi.org/10.1016/j.catena.2020.104725

Pandey, A., Chowdary, V.M., Mal, B.C (2007). Identification of critical erosion prone areas in the small
agricultural watershed using USLE, GIS and remote sensing, Water Resources Management, Vol 21, No
4,729-746.

https://link.springer.com/article/10.1007/s11269-006-9061-z

Qin, Ch. Z., Zhu, A. X., Pei, T., Li, B. L., Scholten, T., Behrens, T., Zhou, CH. H (2009). An approach to
computing topographic wetness index based on maximum downslope gradient, Precision Agriculture,
Vol 12, No 1, 32-43.

DOI:10.1007/s11119-009-9152-y

Renard, K.G. Freidmund, J.R (1994). Using monthly precipitation data to estimate the R-factorin the
RUSLE, Journal of Hydrology, Vol 157, 287-306.

https://doi.org/10.1016/0022-1694(94)90110-4

Rejith, R.G., Anirudhan, s (2019). Delineation of Groundwater Potential Zones in hard rock Terrain Using
Integrated Remote Sensing GIS and MCDM Techniques A Case Study From Vamanapuram River Basin,
Kerala, India, Gis and Geostatistical Techniques for Groundwater science, 349-364.

DOI:10.1016/B978-0-12-815413-7.00025-0
Sharma, A (2010). Integrating Terrain and Vegetation Indices for ldentifying Potential soil Erosion Risk
Area, Geo-Spatial Information Science, Vol 13, No 13, 201-209.

https://link.springer.com/article/10.1007/s11806-010-0342-6

Shin, G.J (1999). The analysis of soil erosion analysis in watershed using GIS. Ph.D. thesis, Department of
Civil Engineering, Gang-won National University, 47.

DOI: 10.4236/0japps.2012.24B038

Ugese, A., Ajiboye, J., lbrahim, E., Gajere, E., Shaba, A (2022). Soil Loss Estimation Using Remote
Sensing and RUSLE Model in Koromi-Federe Catchment Area of Jos-East LGA, Plateau State, Nigeria,
Geomatics, Vol 2, 499-517.

https://doi.org/10.3390/geomatics2040027



https://link.springer.com/article/10.1007/s11269-008-9253-9
https://link.springer.com/article/10.1007/s11269-008-9253-9
https://link.springer.com/article/10.1007/s12665-020-09127-8
https://doi.org/10.1002/hyp.3360050103
https://doi.org/10.1002/hyp.3360050103
https://doi.org/10.1016/j.catena.2020.104725
https://doi.org/10.1016/j.catena.2020.104725
https://link.springer.com/article/10.1007/s11269-006-9061-z
doi:10.1007/s11119-009-9152-y
doi:10.1007/s11119-009-9152-y
https://doi.org/10.1016/0022-1694(94)90110-4
https://doi.org/10.1016/0022-1694(94)90110-4
doi:10.1016/B978-0-12-815413-7.00025-0
https://link.springer.com/article/10.1007/s11806-010-0342-6
doi:%2010.4236/ojapps.2012.24B038
doi:%2010.4236/ojapps.2012.24B038
https://doi.org/10.3390/geomatics2040027

VY 0 lod 1093 § oy Jlw IF¥ ybnno;

As E dsngi g Ll i

Vijith, H., Seling, L.W., Dodge-Wan, D (2018). Estimation of soil loss and identification of erosion risk
zones in a forested region in Sarawak, Malaysia, Northern Borneo, Environment, Development and
Sustainability, Vol 20, No 3, 1365-1384.

https://link.springer.com/article/10.1007/s10668-017-9946-4

Wang, S., Wente, G.Z., Gertner, A (2020). Improvement in mapping vegetation cover factor for the
universal soil loss equation by geostatistical methods with Landsat Thematic Mapper images Int. J.
Remote Sens, Vol 23, No 18, 3649-3667.

https://doi.org/10.1080/01431160110114538

Waseem, M., Igbal, F., Humayun, M., Latif, M., Javed, T., Leta, M (2023). Spatial Assessment of Soil
Erosion Risk Using RUSLE Embedded in GIS Environment: A Case Study of Jhelum River Watershed,
Applied sciences, No 13: 1-16.

https://doi.org/10.3390/app13063775

Whittington, D (2022). Improving the Performance of Contingent Valuation Studies in Developing
Countries, Environ. Resour. Econ, No 22, 323-367.

https://link.springer.com/article/10.1023/A:1015575517927

Wischmeier, W.H., and Smith, D.D (1978). Predicting rainfall erosion, losses: a guide to conservation
planning, United States Department of Agriculture Handbook, Washington DC, Vol 537, 13-27.

DOl: 10.4236/jep.2016.710114



https://link.springer.com/article/10.1007/s10668-017-9946-4
https://link.springer.com/article/10.1007/s10668-017-9946-4
https://doi.org/10.1080/01431160110114538
https://doi.org/10.1080/01431160110114538
https://doi.org/10.3390/app13063775
https://doi.org/10.3390/app13063775
https://link.springer.com/article/10.1023/A:1015575517927
doi:%2010.4236/jep.2016.710114
doi:%2010.4236/jep.2016.710114

