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Figure (2): A. Erosivity factor (MJ mm haly*h™), B. Erodibility factor (t h MJ™* mm™), P. vegetation management factor, T. Support
practice factor, S. Topography factor in the RUSLE model, and G. Topography factor in the USPED model
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Figure (3): A. Sheet erosion, B. Rill erosion, and P. Erosion and Deposition with USPED model
Jl 53 JbS 5 o cm Sl b g Sl Ao js 9 WIS :(E) J g
Table (4): Class and percentage of area and erosion per ton per hectare per year
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Figure (4): Annual soil erosion based on RUSLE model
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Table (5): The area of each erosion class based on RUSLE
model

Aoy S cd,y o ¥l bugie
ol B 8
Coles (Jlo yo )L o 0y)
00 YU vsgziu;
VY)Y oLy .hw)mJuLuJ_‘)
11/0) Ve -0 b3 il
Ye/NO Vool iy ’L‘)‘)‘"u‘*‘t‘”ﬁ




oy ol ool b gylor e 5u5ul 8595 gy 9 S b d (23]

i3 SLa0lSa 1 osSs USPED Jus S slis
Jde 55 o S e adiie 5 1y (IS sy (sl e
Sl b s S L bl 5 o8 e bl
L S a5 b yme SLs 30wyl Bl 5 ol
= (1) OLSas 5 (ame o 4 Sl bl
ol Slasran ol G 5o addllae )4 ddlae (5,
53 oo Sl S Ol e 1 USPED Juie S b
Sl ol 53 o594 (SIS sy das 3551 5
o Sl ks, 2l Sos 4 ea 1 0,8 Olse
Al Sl Alabaan a)ﬂj_g d:«irbjjﬁf);
Som Sl s sl Sl 35550 a8 e SiS
50 0350 pdo Ol ol G .ol lais S S
Condy eopan 5 S Zd),0a olad &35 3550
Al s 53 S Al (IS s /oL b
5Lz RUSLE 5 USPED sladite 3l esbizud U 1, Ol e
S e S5 dn o (Jde 93 ol Slesla il als
SMB] e s it 3 00 S il s
(2S5 el Canss Aol ailae 3l (g ide
WLHQ&wjzéaﬁ&wjjlezm\juf&ﬁ
o=l s A Gk Sl el s Ll e Bl 5
SUs il 4 dilie Colom Sl 05 s s
el 5 s I L Lol Ga b 516 55l cas w0 1)
Ll 5l g 3 L 5 el bl
St cbliz (gl yid Sllas ol U ol 3blis
5 Rl s Ol o (SO 5 (S5 s une)
LS eVl ey i colg o 5 il g 5 gy
Slay o Jals o ol ol sls ULAS&MJ&U
gy JLI S GS s 5 Gl (P 42 035l
A A pas Rl g duls de 4 (5,0 lend
LS 568 i (2505 sy RalS sl
Sl 3 aale 5o 5 5usliS Gl S (g5 Jel-
Ol ssal o (ealasl 5 elaxxt glaol; ol

D (5 S sl

Gblie 533 san SLx 5y b JLal 5o 60l g
@ugézjlzf\:fﬁx\uiﬂiﬁp&iﬁwj&;}
S5 L Bl e s Sl G Sl el
JS USPED Jus 53 gl il b s e ile b
ool s syl Ve IS oy 5 il b
cla i 53 oS 355 e 6 S e kel sa slaasil
adlaie CJL.N;\ Lo oA sd> 55 S il b e 54
B! o 31 Ao y5Te s Lt SNy 5 s o &
5> S Gl e o i il el a5l e
R RS R
S e b BT bl s b Sl b s o 2t
DS 5 Olals ((Y210) Sl 5 5l5 S5 sl e SLis)
OHLSan 5 1 5ulin 5 (YIT) 0L, LSan 54 5 (Y4)4)
Ol 5 By alln L 4 5 Sl 55 (V447)
OF 55 St Coypuin S a5l mbaw i &5 Lis S
O 3 S ol b 51 iy (Sl e das o 5y
N Jeo il s 2 =S s 5o SIS s
sls 0L RUSLE Jue L S iulu b andy b))l
25 ¢S el b S il Cxless 5l Ao 5500 55 oS
0 g ol b IS dilee ol 51 s S TY
SN WS\ VSO I VIS W] DO o, [ G WP RS W 75 o
Joe 5l eslecl L (Y0IVD) 0hLSan 5 (gdams .C
G 3 aalllas 3,5 ddlaie SUs 5L 3 CORINE
4S Loy aeS (pl g 5 Asls 13 b5l 5,58 1) 5l
ol e o it b Jld 5 o e laaals
5 G 805 (e 53 e Al | SLs
el 3 ICONA Jue 31 sslical L (Y+1VA) 01, LsCen
A0sls 3 ey g 30 Ol ydie el 53 gl 1, St
s Slope Gble 5o aS L) amd pla
Clacarud 53 5 ol sl SLs ila b lde a5
Sl B e Sl (e AL Rd oS oS
ls Gl sen G ol S L S Al e RalS S
33 sleslimal LS le b Uil sl sdelcsa =k
o L o35 o alie Ly 8 RUSLE 5 USPED Jos



AT (o o0 0 slouds s Jlw (bl g (oo (Slagy cole aloeo

10

11.

. Ahmadi, H., 2006. Applied Geomorphology:

Volumel water erotion. University of Tehran
Press.

. Aiello, A., Adamo, M., Canora, F., 2014,

Modelling Spatially—Distributed Soil Erosion
through Remotely—Sensed Data and GIS,
International Conference on Computational
Science and Its Applications. ICCSA 2014,
pp. 372-385.

. Arnold, J. G., Srinivasan, R., Muttiah, R. S.,

Williams, J. R., 1988. Large area hydrologic
modeling and assessment part I|: Model
developmentl. Wiley Online Library.

. Asadi, H., Honarmand, M., Vazifedoust, M.,

Moussavi, A., 2017. Assessment of Changes in
Soil Erosion Risk Using RUSLE in Navrood
Watershed, Iran. Journal of Agricultural
Science and Technology. 19(1): 231-244.

. Babaei, M., Hosseini, S. Z., Nazari Samani,

A., Almodaresi, S. A ., 2016. Assessment of
soil erosion using RUSLE 3D, case study:
Kan-Soleghan Watershed. Watershed
Engineering and Management. 8(2): 165-181.

. Damian, G., Nasui, D., Damian, F., Ciurte, D.,

2014. Erosion Assessment Modeling Using the
Sateec Gis Model on the Prislop Catchment.
Present ~ Environment and  Sustainable
Development. 8(1): 217-224.

. Fathizad, H., Karimi, H., Alibakhshi, S. M.,

2014. The estimation of erosion and sediment
by using the RUSLE model and RS and GIS
techniques (Case study: Arid and semi-arid
regions of Doviraj, llam province, Iran).
International Journal of Agriculture and Crop
Sciences. 7(6): 304-314.

. Flanagan, D., Nearing, M., 1995. USDA-

Water Erosion Prediction Project: Hillslope
profile and watershed model documentation,
NSERL report.

. Leh, M., Bajwa, S., Chaubey, 1., 2013. Impact

of land use change on erosion risk: an

integrated remote  sensing,  geographic
information system and modeling
methodology. Land Degradation &

Development. 24(5): 409-421.

. Lin, C.-Y., Lin, W.-T., Chou, W.C., 2002.
Soil erosion prediction and sediment yield
estimation: the Taiwan experience. Soil and
Tillage Research. 68(2): 143-152.

Liu, J., Liu, S., Tieszen, L. L., Chen, M,,
2007. Estimating soil erosion using the
USPED model and consecutive remotely
sensed land cover observations, Proceedings

12.

13.

14.

15.

16.

17.

18.

19.

20.

I\ g

cb.o
of the 2007 summer computer simulation
conference. Society for Computer Simulation
International, pp. 16.
Miller, W., Baharuddin, M., 1987. Interrill
erodibility of highly weathered soils.
Communications in Soil Science & Plant
Analysis. 18(9): 933-945.
Millward, A. A., Mersey, J. E., 1999.
Adapting the RUSLE to model soil erosion
potential in a mountainous tropical
watershed. Catena. 38(2): 109-129.
Mitasova, H., Barton, M., Ullah, I., Hofierka,
J., Harmon, R., 2013. GIS-based soil erosion
modeling, Treatise on Geomorphology.
Elsevier Inc. (3): 228-258
Mitasova, H., Hofierka, J., Zlocha, M.,
Iverson, L. R., 1996. Modelling topographic
potential for erosion and deposition using
GIS. International Journal of Geographical
Information Systems. 10(5): 629-641.
Mitasova, H., Mitas, L., Brown, W,
Johnston, D., 1998. Multidimensional soil
erosion/deposition modeling and
visualization using GIS. Final report for USA
CERL. University of lllinois, Urbana-
Champaign, IL. Available at:
http://www4.ncsu.edu/~hmitaso/gmslab/prote
cted/hohen/hoh4.html (visited 24 Februray
2018).
Mitasova, H,.Mitas, L., Brown, W. M.,
Johnston, D. M., 1999. Terrain modeling and
soil erosion simulations for Fort Hood and
Fort Polk test areas. Geographic Modeling
and Systems Laboratory, University of
Illinois at Urbana-Champaign. Available at:
http://mww4.ncsu.edu/~hmitaso/gmslab/repor
ts/CerlErosionTutorial/denix/Advanced/Erosi
onRep99/cerl99/rep99.html  (visited 24
Februray 2018).
Mitasova, H., Mitas, L., M. Brown, W., M.
Johnston, D., 2003. Terrain Modeling and
Soil Erosion Simulation Final Report,
University of Illinois, Urbana-Champaign,
IL.
Mohammadi, Sh., 2016. Estimating of
erosion and sediment in the Menderjan
watershed by RS and GIS,. M.Sc. thesis,
isfahan university of technology.107 pp.
Mohammadi, S., Karimzadeh, H. R,
Habashi, K., 2017. Soil erosion assessment
using ICONA model (case study: the
Zayandehroud basin, Menderjan sub-basin),
The 1st International Conference Of


https://link.springer.com/book/10.1007/978-3-319-09147-1

60 3l eoliisl b oyl yoie sl 8395 Cigay 9 S Sl yd (3

SilkGIS, 24-26 May, Isfahan University of factor in the revised USLE. Journal of
Technology, Esfahahan, Iran. hydrology. 157(1): 287-306.

21. Mohammadi, S., Karimzadeh, H. R., 27.Rezaei, P., Faridi, P., Ghorbani, M., Kazemi,
Habashi, K., 2017. Soil erosion assessment M., 2014. Estimation of Soil Erosion Using
using CORIN model (case study: the the RUSLE Model and Identification of the
Zayandehroud basin, Menderjan sub-basin), Most Effective factor in the Gabrice Basin -
The 1st International Conference Of Hormozgan Province. Quantitative
SilkGIS, 24-26 May, Isfahan University of Geomorphological Researches. 3(1): 97-113.
Technology, Esfahahan, Iran. 28. Shirazi, M. A., Boersma, L., 1984. A

22. Moore, I. D., Burch, G. J., 1986. Physical unifying quantitative analysis of soil texture.
basis of the length-slope factor in the Soil Science Society of America Journal.
Universal Soil Loss Equation. Soil Science 48(1), 142-147.

Society of America Journal. 50(5): 1294- 29. Teng, H., Rossel, R. a. V., Shi, Z., Behrens,
129.A T., Chappell, A., Bui, E., 2016. Assimilating

23. Nohegar, A., Kazemi, M., 2013. Assessment satellite imagery and visible—near infrared
Water Erosion Using ICONA Model (case spectroscopy to model and map soil loss by
study: Tang Bostanak Basin). Journal of water erosion in Australia. Environmental
Geographical Research. 28(4): 1-14. Modelling & Software. 7(7), 156-167.

24. Pistocchi, A., Cassani, G., Zani, O., 2002. 30. Veihe, A., 2002. The spatial variability of
Use of the USPED model for mapping soil erodibility and its relation to soil types: a
erosion and managing best land conservation study from northern Ghana. Geoderma.
practices. 1st International Congress on 106(1): 101-120.

Environmental Modelling and Software - 31. Wischmeier, W. H., Smith, D. D., 1978.
Lugano, Switzerland - June 2002. Predicting rainfall erosion losses-A guide to

25. Renard, K. G., Foster, G. R., Weesies, G., conservation planning.  Predicting rainfall
Mccool, D., Yoder, D., 1997. Predicting soil erosion losses-A guide to conservation
erosion by water: a guide to conservation planning. USDA, Hyattsville, Maryland,
planning with the Revised Universal Soil USA.

Loss Equation (RUSLE). US Department of 32. Zakerinejad, R., Maerker, M., 2015. An
Agriculture, Agricultural Research Service integrated assessment of soil erosion
Washington. USA. dynamics with special emphasis on gully

26. Renard, K. G., Freimund, J. R., 1994. Using erosion in the Mazayjan basin, southwestern

monthly precipitation data to estimate the R- Iran. Natural Hazards. 79(1): 25-50.

Assessment Soil Erosion and Deposition in the Menderjan Watershed Using
USPED and RUSLE Models in the Environment of Geographical
Information System (GIS)

Shahin Mohammadi'*, Hamidreaza Karimzadeh', Khalil Habashi"

Received: 02/12/2017 Accepted: 24/02/2018

Introduction

Water erosion is one of the most important factors in land degradation in large parts of Iran as it destroys fertile
soils and agricultural lands. The impact of soil erosion and related sediments decreases significantly to water
quality and reservoir capacity. In semiarid areas like the Menderjan watershed in the west Isfahan province,
sheet and rill erosion contributes to the sediment dynamics in a significant way. Particularly, sheet and rill
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erosion processes and related morphologies and features are very common in this region. Hence, this study is
aimed at identifying and quantifying the major erosion process dynamics. Therefore, we applied an integrated
approach combining the USPED and RUSLE models with data mining, remote sensing, and GIS methods.

Materials and methods
The study area is Menderjan watershed located at east of Isfahan Province of Iran and has an area of about
21,100 hectares. In this study, the USPED and RUSLE were used to evaluate the effects of water erosion. The
USPED model is based on the assumption that soil erosion depends on the detachment capacity and the sediment
transport capacity of surface runoff. However, the USPED models do not consider the sediment yields from
gullies, stream banks, and streambed erosion. In the USPED model, on the other hand, erosion and deposition
(ED) are computed as the change in sediment flow in the direction of flow.

ED=dx(Txcosa)/ dx + dx(Txsina) /dy
where a is the aspect of the terrain surface, dx, dy is the grid resolution, and T is the sediment flow at transport
capacity. ED can be positive, indicating soil deposition, or negative, indicating soil erosion. Transport capacity
(A) is expressed as:

A=RxKxCxPxL ™(sin S)"

where A is average yearly soil erosion (t ha® y), R is annual rainfall erosivity factor (MJ mm ha! year*h?), K
is the soil edibility factor, LS is slope length and steepness factor, C is cover management factor, P is support
practice factor, S is the slope, L is the upslope contributing area, and m and n are constants. For prevailing rill
erosion m = 1.6 and n = 1.3, while for prevailing sheet erosion, m = n = 1. The USPED and RUSLE model was
applied using Arcmap10. In this study, the Landsat satellite images 8 (OLI) and rainfall data, soil properties, and
digital elevation model (DEM) were used. Here, GIS plays a major role in preparing thematic layers and
estimating soil erosion.

Result

The range of obtained R factor values range was from 82 to 118 MJ mm/ ha h year. The average values for the
Menderjan watershed amount to 265.2 MJ mm/ ha year-1. According to the soil laboratory analysis, soil texture
is dominated by silt clay loam and clay loam and thus is highly susceptible to soil erosion. The amount of
organic matter in all samples was 2%. Soil organic matter reduces the erodibility of soil. In many arid and
semiarid areas soil organic matter is low due to scarce vegetation and, hence, the soil is more susceptible to
erosion. The annual average soil erodibility of this basin is 0.04 (t h MJ-1 mm*). The amounts of topography for
RUSLE, USPED, support practice factor, and C factor vary from 0.001 to 16.7, 0.01 to 30, 0.1 to 1, and 0.2 to
0.5, respectively. According to the obtained results, more than 35% of the area is affected by a high to very high
erosion and deposition process intensities. The stable areas, low erosion, and deposition zones cover about 15%
of the area. However, some of the mapped and predicted sheet and rill processes are located in the stable and
low-intensity soil erosion classes. The extreme values are characterized by steep slopes in ridge positions in the
northern and southern parts of the watershed.

Discussion and Conclusions

During recent years, the role of water erosion as one of the land degradation factors in arid and semi-arid areas of
large parts of Iran has increased. In this study, we applied a combined approach using the RUSLE and USPED
models rill/inter-rill (sheet) erosion processes and deposition processes. To the best of our knowledge, this study
is the first attempt to integrate different erosion processes and deposition dynamics in Iran. In the study area, soil
loss is concentrated especially in the abandoned bare land areas. The protection of bare soil to reduce soil loss
should be ensured by appropriate cultivations. According to the results, a large part of severe erosion occurs in
the steep areas in the north and southwest of the study area. Agricultural cultivations may change the land cover,
leading to poorer vegetation cover or bare land, especially after harvest and thus increase erosion processes and
land degradation. Therefore, control of soil erosion targeted to the area not only reduces direct costs of soil
erosion but also diminishes the implementation costs of control operations for decreasing soil erosion.

Keywords: Soil Erosion, Modeling, Deposition, Remote Sensing (RS), Esfahan.



