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Abstract: 
Introduction and Aim: Ecosystems nowadays play a unique role in meeting human demands 

and offering a variety of services to their stakeholders. However, occurrence of various 

happening, including population increase and rising demand for basic human 

requirements, have created problems for Ecosystem Services (ES). As a result, land 

degradation is a significant environmental issue that is impacted by a variety of elements and 

factors. Soil conservation and erosion prevention can benefit from management and 

conservation measures, as well as the development of plant cover in a watershed. Therefore, 

an effort has been made in this study to assess how the Sharghong Watershed in Southern 

Khorasan, Iran, and its biological and management activities affect soil erosion at various 

rainfall intensities. 
Method: The Sharghong Watershed, with an area of 94.87 km2, is located in Birjand 

Township, South Khorasan Province, Iran. The mean annual precipitation in the watershed is 

approximately 210 mm. Due to its steep slopes in the eastern and southeastern parts, the 

presence of residential areas and barberry orchards in the floodplain, and intense precipitation 

in the spring, the Sharghong Watershed has a good potential for flooding. for evaluating. The 

role of biological restoration operations in soil erosion processes in study watershed InVEST 

Model was used. Annual precipitation data from the Qaen, Birjand, Mousavieh, and 

Mansourabad stations were utilized for the period between 2002 and 2020, with return 

periods of 2, 5, 10, and 50 years, to generate the inputs for the InVEST model. The erosivity, 

erodibility, crop management and land maintenance factor were then determined.  

Results: The maximum rainfall erosivity index (R) values for return periods of 2, 5, 10, and 

50 years were 47.08, 63.68, 85.01, and 98.94 MJ mm ha-1h-1, respectively. The minimum 

values of R for the same return periods were 42.88, 56.68, 74.47, and 85.85 MJ mm ha-1h-1, 

respectively. The annual sediment yield for return periods of 2, 5, 10, and 50 years were 

6699.27, 9024.56, 17452.27, and 20862.30 t, respectively. Following the implementation of 

the management scenario in different sub-watersheds, sediment yield reached 6439.39, 

8668.37, 16892.94, and 17390.87 t, respectively. The obtained results indicated reductions of 

3.9, 3.9, 3.2, and 1.7%, respectively, for return periods of 2, 5, 10, and 50 years.  

Conclusion: In this research, the role of biological management in controlling erosion and 

sedimentation in the Sharghonj Watershed during the different return periods of rainfall has 

been evaluated. The results of the research indicate that with the increase in the intensity of 

rainfall, in the current land use, the amount of erosion and sedimentation has increased, but 

with the application of management scenarios at the level of different sub-catchment, erosion 

and sedimentation has slightly decreased during the different return periods of rainfall. Due to 

the fact that the intensity of rainfall in the region plays an important role in creating erosion 

and its effect is intensified by the combination of sloping lands, the principled use of land in 

accordance with its potential can play an effective role in preventing land degradation. 

Therefore, the approaches of this research can be beneficial for providing a suitable 

management model for managers, operators and beneficiaries of watersheds. 
Keywords: Ecosystem Services, Integrated Watershed Management, Simulation for 

Watershed Management, Land Degradation 

 

https://portal.issn.org/resource/ISSN/2251-7480
https://portal.issn.org/resource/ISSN/2251-7400
https://wsrcj.srbiau.ac.ir/
mailto:iauwsrcj@srbiau.ac.ir
mailto:iauwsrcj@gmail.com
https://doi.org/10.30495/wsrcj.2023.73563.11380
https://doi.org/10.30495/wsrcj.2023.73563.11380


  

 

 
 2251-7480شاپا چاپي: 

 2250-7400شاپا الکترونيکي: 

 

 

 حفاظت منابع آب و خاك نشریه

 

 

 آدرس تارنما:
https://wsrcj.srbiau.ac.ir 

 

 :یکپست الکترون
iauwsrcj@srbiau.ac.ir 

iauwsrcj@gmail.com 

 

 

 

 

 سیزدهم سال

 (50) 2 شماره
 
 

 

 

 تاريخ دريافت:
13/03/1402    

 

 تاريخ پذيرش:
27/04/1402 

 

 95-108 ات:صفح
 

 

 

 

 
 

 

 
 
 

 

 پژوهشيمقاله 

 10.30495/WSRCJ.2023.73563.11380 

InVEST

*
 

  

  

  

* sadeghi@modares.ac.ir

ES

 

-

 

InVEST

 

-

 

https://wsrcj.srbiau.ac.ir/
mailto:iauwsrcj@srbiau.ac.ir
mailto:iauwsrcj@gmail.com
https://doi.org/10.30495/wsrcj.2023.73563.11380
https://doi.org/10.30495/wsrcj.2023.73563.11380


   در حوزه آبخيز شارقنج، خراسان جنوبي InVESTاقدامات زيستي بر فرآيند فرسايش خاک با استفاده از مدل نقش  

 

 

ل 
سا

يز
س

هم
د

 / 
ره

ما
ش

 2 (
50)  

 

ES

Hu et al., 2023

Keesstra et al., 2016; Robinson et al., 2017

Mihi et al. 

2019

Ghosh et al., 2023

Sidi Almouctar et al., 2021  Ghosh et 

al., 2023, Negese et al., 2021; Li et al., 2023

Abdelsamie et al., 2023 

 Vatandaşlar and 

Yavuz, 2023

(Akgöz et al., 2022; Aytop and Shenol, 

2022) ES  ES 

Baskent, 

2020; Caglayan et al., 2021; Tiemann and Ring, 

2022

  Knoke et al., 2021 

 

InVEST

Sharp et al., 2018

InVEST

 (RUSLE) 

Wischmeier and Smith, 

1978; Hagras, 2023 

  

RUSLE 

 (Angima et al. 2003; Vaezi 

and Sadeghi, 2011; Hagras, 2023)

InVEST

RUSLE

 

InVEST

 

InVEST

RUSLE

GIS

RUSLE

RUSLE



 و همکاران رضا چمني/  98

 

ل 
سا

يز
س

هم
د

 / 
ره

ما
ش

 2 (
50)  

 

 

InVEST

InVESTRUSLE

InVEST

Weibull

 

 



   در حوزه آبخيز شارقنج، خراسان جنوبي InVESTاقدامات زيستي بر فرآيند فرسايش خاک با استفاده از مدل نقش  

 

 

ل 
سا

يز
س

هم
د

 / 
ره

ما
ش

 2 (
50)  

 
 

R

R

Hermassi et al. 2017R

Chatterjee et al. 2014

R

R

Carollo et al. 2018; Hagras, 2023

RooseRoose, 1997

P*

𝑅𝑊𝑆Sadeghi 

and Tavangar, 2015

                    𝑅𝑅 = [0.5 + 0.05𝑃∗]

    𝑅𝑤𝑠 = 6.5𝑅𝑅 + 1.52

 (C) 

 

. C 

Ghosal 

and Das Bhattacharya, 2020.C

C

C

NDVILin et al. 2002

NDVI Landsat 9 

USGSC

C

Landsat 5

NDVINIR

RED

Hagras, 2023C

Zabihi et al., 2021

 

𝑁𝐷𝑉𝐼 =
𝑁𝐼𝑅−𝑅𝐸𝐷

𝑁𝐼𝑅+𝑅𝐸𝐷

          𝐶 =
1−𝑁𝐷𝑉𝐼

2

 



 و همکاران رضا چمني/  100

 

ل 
سا

يز
س

هم
د

 / 
ره

ما
ش

 2 (
50)  

 (P) 

 (P) 

Okenmuo et al., 

2023P

ParkP

P

Kumar and Kushwaha, 2013; 

Thapa, 2020

P 

 

L

SLS

DEM

USGS

Moore

ArcGIS 10.8LS

λDEMө

Okenmuo et al., 2023 

 𝐿𝑆 = (
λ

22.13
) 0.4 ∗ (

0.01745𝑆𝑖𝑛ө

0.0896
)

1.4

∗ 1.4 

100𝐾 = 2.1𝑀1.114 ∗ 10−4 ∗ (12 − %𝑂𝑀) +
3.25(𝑆 − 2) + 2.5(𝑃 − 3)         

M

OMSP

Zabihi et al., 2021



   در حوزه آبخيز شارقنج، خراسان جنوبي InVESTاقدامات زيستي بر فرآيند فرسايش خاک با استفاده از مدل نقش  

 

 

ل 
سا

يز
س

هم
د

 / 
ره

ما
ش

 2 (
50)  

 

 

C

NDVIAB

NDVI

NDVI

-

NDVI

C

C

 

NDVI



 و همکاران رضا چمني/  102

 

ل 
سا

يز
س

هم
د

 / 
ره

ما
ش

 2 (
50)  

Ef

.



   در حوزه آبخيز شارقنج، خراسان جنوبي InVESTاقدامات زيستي بر فرآيند فرسايش خاک با استفاده از مدل نقش  

 

 

ل 
سا

يز
س

هم
د

 / 
ره

ما
ش

 2 (
50)  

 

  
 

      

  /  /  /  /   

/  /    /  /   

  /  /  /  /   

/  /  /  /  /  /   

/  /  /  /  /  /   

/  /  /  /  /  /   

/  /  /  /  /  /   

/  /  /  /  /  /   

/  /  /  /  /  /   

/  /  /  /  /  /   

/  /  /  /  /  /   

/  /  /  /  /  /   

/  /  /  /  /  /   

/  /  /  /  /  /   

/  /  /  /  /  /   

/  /  /  /  /  /   



 و همکاران رضا چمني/  104

 

ل 
سا

يز
س

هم
د

 / 
ره

ما
ش

 2 (
50)  

  
 

      

/  /  /  /  /  /   

/  /  /  /  /  /   

/  /  /  /  /  /   

/  /  /  /  /  /   

/  /  /  /  /  /   

/  /  /  /  /  /   

/  /  /  /  /  /   

/  /  /  /  /  /   

/  /  /  /  /  /   

/  /  /  /  /  /   

/  /  /  /  /  /   

/  /  /  /  /  /   

/  /  /  /  /  /   

  
 

      

/  /  /  /  /  /   

/  /  /   /  /   

/  /  /  /  /  /   

/  /  /  /  /  /   

/  /  /  /  /  /   

/  /  /  /  /  /   

/  /  /  /  /  /   

/  /  /  /  /  /   

/  /  /  /  /  /   

/  /  /  /  /  /   

/  /  /  /  /  /   

/  /  /  /  /  /   

/  /  /  /  /  /   

/  /  /  /  /  /   

/  /  /  /  /  /   

/  /  /  /  /  /   

/  /  /  /  /  /   

/  /  /  /  /  /   

/  /  /  /  /  /   

/  /  /  /  /  /   

/  /  /  /  /  /   

/  /  /  /  /  /   

/  /  /  /  /  /   

/  /  /  /  /  /   

/  /  /  /  /  /   

/  /  /  /  /  /   

/  /  /  /  /  /   

/  /  /  /  /  /   

/  /  /  /  /  /   



   در حوزه آبخيز شارقنج، خراسان جنوبي InVESTاقدامات زيستي بر فرآيند فرسايش خاک با استفاده از مدل نقش  

 

 

ل 
سا

يز
س

هم
د

 / 
ره

ما
ش

 2 (
50)  

  
 

      

/  /  /  /  /  /   

/  /  /  /  /  /   

/  /  /  /  /  /   

/  /  /  /  /  /   

/  /  /  /  /  /   

/  /  /  /  /  /   

/  /  /  /  /  /   

/  /  /  /  /  /   

/  /  /  /  /  /   

/  /  /  /  /  /   

/  /  /  /  /  /   

/  /  /  /  /  /   

/  /  /  /  /  /   

/  /  /  /  /  /   

/  /  /  /  /  /   

/  /  /  /  /  /   

/  /  /  /  /  /   

/  /  /  /  /  /   

/  /  /  /  /  /   

/  /  /  /  /  /   

/  /  /  /  /  /   

/  /  /  /  /  /   

/  /  /  /  /  /   

/  /  /  /  /  /   

/  /  /  /  /  /   

/  /  /  /  /  /   

/  /  /  /  /  /   

/  /  /  /  /  /   

/  /  /  /  /  /   

- 



 و همکاران رضا چمني/  106

 

ل 
سا

يز
س

هم
د

 / 
ره

ما
ش

 2 (
50)  

-

 

Abdelsamie

Thapa

RUSLE

HagrasRUSLE

InVEST

Degife

InVEST

InVEST

InVEST

-

-

-

-



   در حوزه آبخيز شارقنج، خراسان جنوبي InVESTاقدامات زيستي بر فرآيند فرسايش خاک با استفاده از مدل نقش  

 

 

ل 
سا

يز
س

هم
د

 / 
ره

ما
ش

 2 (
50)  

Reference: 
Abdelsamie, E. A., Abdellatif, M. A., Hassan, F. O., El Baroudy, A. A., Mohamed, E. S., Kucher, D. E., & Shokr, M. S. 

(2023). Integration of RUSLE Model, Remote Sensing and GIS Techniques for Assessing Soil Erosion Hazards in 

Arid Zones. Agriculture, 13(1), 35. 

Akgöz, R., Deviren Saygin, S., Erpul, G., & Tel, S. (2022). Monitoring seasonal and phenological variability of cover 

management factor for wheat cropping systems under semi-arid climate conditions. Environmental Monitoring 

Assessment, 194, 395. Https:doi.org.10.1007.s10661-022-10064-1 

Asadolahi, Z., Salmanmahiny, A. & Mirkarimi, H. (2015). Modeling the supply of sediment 

retention ecosystem service (case study: eastern part of Gorgan-rud watershed). Environ. Erosion Research Journal, 

5(3), 61-75 [in Persian] 

Aytop, H., & Şenol, S. (2022). The effect of different land use planning scenarios on the amount of total soil losses in the 

Mikail Stream Micro-Basin. Environmental Monitoring Assessment, 194, 32. https:doi.org.10.1007.s10661-022-

09937-2

Babaei, M., Hossaini, S.Z., Nazari Samani, A.A., & Almodaresi, S.A. (2016). Assessment of soil erosion using 

RUSLE 3D, case stady: Kan-Soleghan watershed. Watershed Engineering and Management, 8(2): 156-181 [In 

Persian].

Baskent, E.Z. (2020). A framework for characterizing and regulating ecosystem services in a management planning 

context. Forests, 11, 102. https:doi.org.10.3390.f11010102 

Caglayan, İ, Yeşil, A., Kabak, Ö. & Bettinger, P. (2021). A decision making approach for assignment of ecosystem

services to forest management units: A case study in northwest Turkey. Ecological Indicators, 121, 107056.

https:doi.org.10.1016.j.ecolind.2020.107056

Carollo, F.G., Ferro, V., & Serio, M.A. (2018). Predicting rainfall erosivity by momentum and kinetic energy in 

Mediterranean environment. Journal of Hydrology. https:doi. org. 10. 1016.j. jhydr ol. 2018. 03. 026

Chamani, R., Moradi Rekabkalaei, H.R., Somayeh Zare & Tavosi, M. (2021). Evaluation of morphometric and 

geomorphometric indices of Sharghonj Birjand Watershed. Extension and Development of Watershed Management 

Journal, 10(36): 37-47 [In Persian].

Chatterjee S., Krishna A.P., Sharma A.P. (2014). Geospatial assessment of soil erosion vulnerability at watershed level in 

some sections of the Upper Subarnarekha river basin, Jharkhand, India. Environmental Earth Sciences, 71:357–374. 

https:doi. org. 10. 1007. s12665- 013- 2439-3 

Degife, A., Worku, H., & Gizaw, S. (2021). Environmental implications of soil erosion and sediment yield in Lake 

Hawassa watershed, south-central Ethiopia. Environmental Systems Research, 10, 1-24. 

Ghosal, K., & Das Bhattacharya, S. (2020). A review of RUSLE model. Journal of the Indian Society of Remote 

Sensing, 48(4), 689-707.

Ghosh, A., Rakshit, S., Tikle, S., Das, S., Chatterjee, U., Pande, C.B., & Mattar, M. A. (2023). Integration of GIS and 

Remote Sensing with RUSLE Model for Estimation of Soil Erosion. Land, 12(1), 116.

Hagras, A. (2023). Estimating water erosion in the EL-Mador Valley Basin, South-West Matrouh City, Egypt, using revised 

universal soil loss equation (RUSLE) model through GIS. Environmental Earth Sciences, 82(1), 1-17. 

Hermassi, T, El Ammami, H., & Ben, K.W. (2017) Impact of anthropogenic activities on erosive behavior of Nebhana 

Watershed Tunisia. Water and Land Security in Drylands. Springer, Cham, pp 185–195.

Keesstra, S.D., Bouma, J., Wallinga, J., Tittonell, P., Smith, P., Cerdà, A., Montanarella, L., Quinton, J.N., Pachepsky, 

Y., van der & Putten, W.H. (2016). The significance of soils and soil science towards realization of the United Nations 

sustainable development goals. Soil, 2: 111–128.

Khalili Moghadam, B., Ghorbani, Z., & Shahnazi, A. (2013). A laboratory study of the effect of salinity and alkalinity, 

slope and rainfall intensity on soil erosion rates in selected soils of Khuzestan province. Journal of Agricultural and 

Natural Resources Sciences and Technologies, 18 (69): 117-128 [In Persian]. 

Knoke, T., Kindu, M., Schneider, T., & Gobakken, T. (2021). Inventory of forest attributes to support the integration of 

non-provisioning ecosystem services and biodiversity into forest planning—from collecting data to providing

information. Current Forestry Reports, 7, 38–58. https:doi.org.10.1007.s40725-021-00138-7. 

Kumar, S., & Kushwaha, S.P.S. (2013). Modelling soil erosion risk based on RUSLE-3D using GIS in a Shivalik sub-

watershed. Journal of Earth System Science 122(2):389–398.

Li, Y., Zhang, J., Zhu, H., Zhou, Z., Jiang, S., He, S. & Li, G. (2023). Soil Erosion Characteristics and Scenario Analysis 

in the Yellow River Basin Based on PLUS and RUSLE Models. International Journal of Environmental Research and 

Public Health, 20(2): 1222. 

Mazbani, M., Rezaei Moghadam. M.H., & Hejazi, A. (2021). Assessing the risk of soil erosion in land uses using the 

modified global equation of soil erosion (case study: Sikan Watershed). Geography and Environmental Hazards, 37: 

41-63 [In Persian]. 

Moisa, M. B., Babu, A., & Getahun, K. (2023). Integration of geospatial technologies with RUSLE model for analysis of 

soil erosion in response to land use/land cover dynamics: a case of Jere Watershed, Western Ethiopia. Sustainable 

Water Resources Management, 9(1): 1-21. 

https://doi.org/10.1007/s10661-022-09937-2
https://doi.org/10.1007/s10661-022-09937-2
https://doi.org/10.3390/f11010102
https://doi.org/10.1016/j.ecolind.2020.107056
https://doi.org/10.1016/j.ecolind.2020.107056
https://doi.org/10.1007/s40725-021-00138-7


 و همکاران رضا چمني/  108

 

 

 

ل 
سا

يز
س

هم
د

 / 
ره

ما
ش

 2 (
50)  

Moore, I.D. (1986). Burch GJ. Physical basis of the length-slope factor in the universal soil loss equation. Soil Science 

Society of America Journal. 50(5):1294.

Negese, A., Fekadu, E., & Getnet, H. (2021). Potential Soil Loss Estimation and Erosion-Prone Area Prioritization Using 

RUSLE, GIS, and Remote Sensing in Chereti Watershed, Northeastern Ethiopia. Air, Soil and Water Research. 14, 

1178622120985814.  

Okenmuo, F. C., & Ewemoje, T. A. (2023). Estimation of soil water erosion using RUSLE, GIS, and remote sensing in 

Obibia River watershed, Anambra, Nigeria. DYSONA-Applied Science, 4(1): 6-14. 

Rezaei Arshad, R., & Mahmoodabadi, M. (2018). Simultaneous effect of wind and rain on hydraulic parameters of sheet 

flow and interrill erosion rate. Journal of soil management and sustainable, 8(2): 1-21 [In Persian].

Robinson, D.A., Panagos, P., Borrelli, P., Jones, A., Montanarella, L., Tye, A., Obst, C.G. (2017). Soil natural capital in 

Europe; a framework for state and change assessment. Scientific Reports. 7, 6706. 

Roose, E. (1977). Erosion ET ruissellement en Afrique de louest-vingt annees de mesures en petites parcelles

experimentales. Pour faire face a` ce proble`me pre´occupant, I’ORSTOM et les Instituts Travaux et Documents de 

I’ORSTOM No. 78: 108.  

Sadeghi, S. H., & Tavangar, S. (2015). Development of stational models for estimation of rainfall erosivity factor in 

different timescales. Natural Hazards, 77(1), 429-443.

Sadeghi, S.H.R., Shojaee, Gh. R. & Moradi, H.R. (2010). Relationship between Land Use and Soil Erosion in Manderijan 

Catchment in Zayandehrud Dam Basin. Journal of Watershed Engineering and Management, 2(3):143-149.

Sharp, R., Tallis, H. T., Ricketts, T., Guerry, A. D., Wood, S. A., Chaplin-Kramer, R., Nelson 

E., Ennaanay, D., Wolny, S., Olwero, N., Vigerstol, K., Pennington, D., Mendoza, G., Aukema, J., Foster, J., Forrest, 

J., Cameron, D., Arkema, K., Lonsdorf, E., Kennedy, C., Verutes, G., Kim, C. K., Guannel, G., Papenfus, M., Toft, J., 

Marsik, M., Bernhardt J., Griffin, R., Glowinski, K., Chaumont, N., Perelman, A., Lacayo, M. Mandle, L., Hamel, P., 

Vogl, A. L., Rogers, L., Bierbower, W., Denu, D. and Douglass J. (2018). InVEST 3.5.0 user’s guide, The Natural 

Capital Project, Stanford University, University of Minnesota, The Nature Conservancy, and World Wildlife Fund. 

Sidi Almouctar, M.A., Wu, Y., Zhao, F., & Dossou, J.F. (2021). Soil erosion assessment using the RUSLE model and 

geospatial techniques (remote sensing and GIS) in South-Central Niger (Maradi Region). Water, 13: 3511.  

Thapa, P. (2020). Spatial estimation of soil erosion using RUSLE modeling: a case study of Dolakha district, 

Nepal. Environmental Systems Research, 9(1), 1-10. 

Tiemann, A., & Ring, I. (2022). Towards ecosystem service assessment: Developing biophysical indicators for forest

ecosystem services. Ecological Indicators, 137: 108704.  

Vaezi, A.R. & Sadeghi, S.H.R. (2011). Evaluating the RUSLE model and developing an empirical equation for 

estimating soil erodibility factor in a semi-arid region, Spanish Journal of Agricultural Research, 9(3), 912-923.

Vatandaşlar, C., & Yavuz, M. (2023). Useful indicators and models for assessing erosion control ecosystem service in a 

semi-arid forest landscape. Environmental Monitoring and Assessment, 195(1): 1-27. 

Zabihi, M., Moradi, H. R., Khaledi Darvishan, A., & Gholamalifard, M. (2021). Application of InVEST ecosystem 

services model to prioritize sub-watersheds of Talar in term of soil erosion, sediment retention and yield. Environment 

and Water Engineering, 7(2): 293-303. 

 

 

                                                 
1 Ecosystem 
2 Ecosystem Service 
3 Asadolahi 
4 Zabihi 
5 Abdelsamie 
6 El-Minia 
7 Ghosh 
8 Mayurakshi 
9 Li 
10 Rainfall erosivity factor 
11 Soil erodibility factor 
12 Cover management factor 
13 Support practice factor 
14 Google Earth 
15 Seeds broadcasting  
16 Contour farrow 
17Normalized Difference Vegetation Index  


