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Figure 1: The process and mechanism of gully formation in Sanganeh Kalat region
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5 - Geo-Environmental Factors
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6- Bivariate statistical models
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Figure 2: Pictures of gullies that occurred in the study area; gullies are dangerous to human infrastructure
(anthropogenic) such as roads and buildings (A-C) and agricultural land (D).
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Figure 3: Location of the studiy area.
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Figure 4: Methodology flowchart used in this study

9- Global Positioning System
10- Extensions
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11- Bayes
12- Prior probability
13- Posterior probability
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14- Gully Erosion Susceptibility Maps
15- Receiver Operating Characteristics
16- Area Under Curve
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18- Topographic Wetness Index
19- Steepness

20- Runoff generation rate

21- Soil moisture

22- Subsurface flow

23- Slope stability
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24- Digital Elevation Model
25- Grid size
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28- Divergence
29- Convergence
30- Soil shear stress
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31- System for Automated Geoscientific Analyses
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Figure 7: Gully susceptibility maps produced based on a CP models.
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Figure 9: Sensitivity analysis results of variables when each factor is excluded in CP model.

& 7S omss
S 5 addllae cl 3 eslizuls e (b s SVl e oS sls 0L STy Jde 51 Jol sl Jolows 54y 5
Lo axils andlansygo gaihie 53 ST il b 4 Cumla (add gaugs o AV/FY Cis L o
ot e b b el a5 adIS GOl mbs el byd Vel Js Sl 4 ax
Lo OF 5l odalowsas =W s ep omb Ol Cpadad pde Oy s o 0L AT il b 4 datens bl
S e Olger ks ae a5 Jalse 4 315 LS s eyl 035 s ) Jeols s Al oo slazel 16
oy S oS ol Sy nl SU S Sl LTl e s G USTT ol b g 85 > oline

03 2 S8 5 alrag, 5l Aol il (iS85 0S1 5 mld Ko ol se 5 ST Sl b £55 ot o4


http://geographical-space.iau-ahar.ac.ir/article-1-3537-fa.html

Downloaded from geographical-space.iau-ahar.ac.ir at 11:41 IRST on Tuesday December 2nd 2025

\A ST (b (58S s (asme (o) Jolse 56 (2l

S cble- 5 oo pde s WOl 4 ax 55 5 3,03 350 5 anlaes 4o ailate 3 Sl ol g conlis b dal
@ Colo Lgdija:ﬁﬁ:«udv\;ﬁﬂb;ﬁu}ﬁc)ﬂb Sy ass ) sbasl cl Coaal Sl adle

s sl ST il b Lgl.af}gl_(.e S35 6l 1y e sl Sl K15 o gl 2l b


http://geographical-space.iau-ahar.ac.ir/article-1-3537-fa.html

Downloaded from geographical-space.iau-ahar.ac.ir at 11:41 IRST on Tuesday December 2nd 2025

VELY )l A o jlac ia gen g Jhuo « salsdl yha (sLdd sale (saolibiad \z

References

- Achten, W.M.J., Dondeyne, S., Mugogo, S., Kafiriti, E., Poesen, J., Deckers, J., (2008),
"Gully erosion in South Eastern Tanzania: Spatial distribution and topographic thresholds",
Zeitschrift fir Geomorphologie, 52(2): 225-235.

- Agnesi, V., Angileri, S., Cappadonia, C., Conoscenti, C., Rotigliano, E., (2011), "Multi-
parametric GIS analysis to assess gully erosion susceptibility: a test in southern Sicily, Italy",
Landform Analysis, 17:15-20.

- Amir-Ahmadi, A., Ebrahimi, M., Habibolahian, M., Zangeneh Asadi, M.A., (2014), "A study
of the Instability of the Geomorphologic Range using Anbalang Method (Case study: Kalat
Basin in the heights of Hezar Masjed)", Geographical Research Journal, 29(4): 241-259. [In
Persian].

- Asghari Saraskanroud, S., (2017), Analysis of affecting factors on creating gully erosion,
Geographical Space, 17 (2): 285-301. [In Persian].

- Bashari, M., Sadeghi, S.H.R., Rangavar, A., (2012), "Comparison of sediment yield at two
north and south facing slopes using small plots", Watershed Engineering and Management, 3:
134-140. [In Persian].

- Belayneh, L., Bantider, A., Moges, A., (2014), "Road construction and gully development in
Hadero Tunto-Durgi road project, Southern Ethopia”, Journal of Environmental Studies and
Management, 7(1): 720-730.

- Bonham-Carter, GF., (1994), "Geographic information systems for geoscientists: modeling
with GIS", In: Bonham-Carter F (ed), Computer methods in the geosciences, Pergamon pub:
Oxford.

- Chaplot, V., (2013), "Impact of terrain attributes, parent material and soil types on gully
erosion"”, Geomorphology, 186:1-11.

- Charlton , Ro., (2017), Fundamentals of Fluvial Geomorphology, Translated by Mehdi
Saghafi and Mohammad Hussein Rezaei Moghaddam, samt pub. [In Persian].

- Chen, Z., Chen,W., Li, C., Pu, Y., Sun, H., (2016), "Effects of polyacrylamide on soil erosion
and nutrient losses from substrate material in steep rocky slope stabilization projects', Science
of the Total Environment, 554: 26-33.

- Choi ,Y., Park, H., Sunwoo, C., (2008), "Flood and gully erosion problems at the Pasir open
pit coal mine, Indonesia: a case study of the hydrology using GIS", Bulletin of Engineering
Geology and the Environment, 67(2): 251-258.

- Chung, C.J.F., Fabbri, A.G., (1988), "Three Bayesian predictionmodels for landslide hazard",
Proceedings of International Association for Mathematical Geology 1998 Annual Meeting
(IAMG'98), October 1998, Ischia, Italy.pp.81-100.

- Conforti, M., Aucelli, P.P.C., Robustelli, G., Scarciglia, F., (2011), "Geomorphology and GIS
analysis for mapping gully erosion susceptibility in the Turbolo stream catchment (northern
Calabria, Italy)", Natural hazards, 56(3): 881-898.

- Farid Giglou, B., Ghazavi, R., (2017), "The role of physicochemical characteristics of gully
soil and environmental factors of its upper-catchment area in the expansion of gully erosion",
Journal of Water and Soil Science (Science and Technology of Agriculture and Natural
Resources), 3(3): 273-286. [In Persian].

- Golestani, G., Issazadeh, L., Serajamani, R., (2014), "Lithology effects on gully erosion in
Ghoori chay watershed using RS & GIS", Journal Bioscience, 4(2): 71-76.



http://geographical-space.iau-ahar.ac.ir/article-1-3537-fa.html

Downloaded from geographical-space.iau-ahar.ac.ir at 11:41 IRST on Tuesday December 2nd 2025

A ST (b (58S s (asme (o) Jolse 56 (2l

- Hosseinzadeh, M.M., Sarvati, M.R., Mansori, A., Mirbaghari, B., Khazri, S., (2009), **Zoning
the risk of mass movement coccurrences using logistic regression model Case Study in vicinity
of Sanandaj- Dehgolan road", Iranian Journal of Geology, 11(3): 27-37. [In Persian].

- Jungerius, P.D., Matundura, J., Van-De-Ancker, J.A.M., (2002): "Road construction and gully
erosion in West Pokot, Kenya", Earth Surface Processes and Landforms, 27(11): 1237-1247.

- Lodwick, W.A., Monson, W., Svoboda, L., (1990), "Attribute error and sensitivity analysis of
map operations in geographical information systems: suitability analysis”, International
Journal of Geographical Information System, 4(4): 413-428.

- Luca, F., Conforti, M., Robustelli, G., (2011), "Comparison of GIS-based gullying
susceptibility mapping using bivariate and multivariate statistics: northern Calabria, South
Italy”, Geomorphology, 134: 297-308.

- Maharaj, R. (1993), "Landslide processes and landslide susceptibility analysis from an upland
watershed: a case study from St Andrew, Jamaica, West Indies"”, Engineering Geology, 34(1-
2): 53-79.

- Maleki, A., Miladi, B., (2012), "Simulation of creating of gully appropriate regions using SPI
in river basins Mereg", Quantitative Geomorphological Researches, 3(1): 23-38. [In Persian].

- McCloskey, G.L., Wasson, R.J., Boggs, G.S., Douglas, M., (2016), "Timing and causes of
gully erosion in the riparian zone of the semi-arid tropical Victoria River, Australia:
management implications”, Geomorphology, 266: 96-104.

- Moore, 1.D., Grayson, R.B., Ladson, A.R., (1991), "Digital terrain modeling: a review of
hydrological, geomorphological, and biological applications”, Hydrological Processes, 5(1): 3-
30.

- Nasir, K., Ghoddosi, J., Esmaili, R., (2017), "Investigation of the effect of earth
environmental factors on initiation and expansion of gully erosion by using geographical
information system (Case study in Temer Ghareh Ghozi, Kalaleh, Golestan Province)", Journal
of Watershed Management Research, 15(1): 202-212. [In Persian].

- Nazari Samani, A., Ahmadi, H., Mohammadi, A., Ghoddousi, J., Salajegheh, A., Boggs, G.,
Pishyar, R., (2010), "Factors controlling gully advancement and models evaluation (Hableh
Rood Basin, Iran)", Water Resources Management, 24(8): 1531-1549.

- Orkhzlo, H.S., Emami, H., Hagniya, Q.H., Esmali, A., (2016), "Comparison of two methods
of hierarchical analysis and fuzzy logic for mapping the risk of gully erosion in three regions of
the province", Environmental Erosion Research Journal, 21(1): 1-16. [In Persian].

- Posesen, J., Nachtorgale, J., Verstrac, G., (2003), "Gully erosion and environmental change:
Importance and research needs"”, Catena, 50(2-4): 91-133.

- Pourghasemi H.R., Kerle, N., (2016), "Random forests and evidential belief function-based
landslide susceptibility assessment in Western Mazandaran Province, Iran”, Environmental
earth sciences, 75(3):185-221.

- Rahmati, O., Haghizadeh, A., Pourghasemi, H.R., Noormohamadi, F., (2016), "Gully erosion
susceptibility mapping: the role of GIS-based bivariate statistical models and their comparison™,
Natural Hazards, 82(2): 1231-1258.

- Rangavar, A.S., Abasi, A., Zagiabadi, M., (2007), "Gully erosion and assess the economic
damage caused by it (Case study: Sanganeh Kalat Basin,Khorasan Razavi)", 4™ National
Seminar _on Watershed Management, 1-2 March 2008, Faculty of Natural Resources at
University of Tehran. [In Persian].

- Regmi, A.D., Devkota, K.C., Yoshida, K., Pradhan, B., Pourghasemi, H.R., Kumamoto, T.,
Akgun, A., (2013), "Application of frequency ratio, statistical index, and weights-of-evidence



http://geographical-space.iau-ahar.ac.ir/article-1-3537-fa.html

Downloaded from geographical-space.iau-ahar.ac.ir at 11:41 IRST on Tuesday December 2nd 2025

VELY )l A o jlac ia gen g Jhuo « salsdl yha (sLdd sale (saolibiad ¥y

models and their comparison in landslide susceptibility mapping in Central Nepal Himalaya",
Arabian Journal of Geosciences, 7(2): 725-742.

- Sadeghi, H.R., Bashari Seghaleh, M., Rangavar, A.S., (2008), "Comparing the sediment
variation with hillside direction and plot length in storm wise soil erosion”, Journal of Water
and Soil, 22(2): 230-239. [In Persian].

- Shellberg, J.G., Spencer, J., Brooks, A.P., Pietsch, T.J., (2016), "Degradation of the Mitchell
River fluvialmegafan by alluvial gully erosion increased by post-European land use change,
Queensland, Australia”, Geomorphology, 266: 105-120.

- Shit, P.K., Paira, R., Bhunia, G., Maiti, R., (2015), "Modeling of potential gully erosion
hazard using geo-spatial technology at Garbheta block, West Bengal in India”, Modeling Earth
Systems and Environment, 10: 10-22.

- Tehrany, M.S., Pradhan, B., Jebur, M.N., (2014), "Flood susceptibility mapping using a novel
ensemble weightsof- evidence and support vector machine models in GIS, Journal of
hydrology, 512: 332-343.

- Umar, Z., Pradhan, B., Ahmad, A., Jebur, M.N., Tehrany, M.S., (2014), "Earthquake induced
landslide susceptibility mapping using an integrated ensemble frequency ratio and logistic
regression models in West Sumatera Province, Indonesia”, Catena, 118: 124-135.

- Van-Asselen, S., Seijmonsbergen, A.C., (2006), "Expert-driven semi-automated
geomorphological mapping for a mountainous area using a laser DTM", Geomorphology, 78
(3-4): 309-320.

- Williams, R.N., Souza. J., Jones, E.M., (2014), "Analysing coastal ocean model outputs using
competitivelearning pattern recognition techniques”, Environmental modelling and software,
57:165-176.

- Yesilnacar, E.K., (2005), "The application of computational intelligence to landslide
susceptibility mapping in Turkey", Ph.D Thesis, Department of Geomatics : University of
Melbourne.

- Zhu, A., Wang, R., Qiao, J., Qin, C., Chen, Y., Liu, J., Du, F., Lin, Y., Zhu, T., (2014), "An
expert knowledge-based approach to landslide susceptibility mapping using GIS and fuzzy
logic”, Geomorphology, 214(3): 128-138.



http://geographical-space.iau-ahar.ac.ir/article-1-3537-fa.html

Downloaded from geographical-space.iau-ahar.ac.ir at 11:41 IRST on Tuesday December 2nd 2025

Al ST (b (58S s (asme (o) Jolse 56 (2l

Abstract

Assessment of the Influence of Geo-Environmental Factors on the Initiation of Gully
Erosion in Sanganeh Kalat Basin

Soil erosion is a significant environmental issue of common concern in the world today.
Despite the importance of soil erosion in sustainable development goals in arid and semi-arid
areas, the study of the geo-environmental conditions and factors influencing gully erosion
occurrence is rarely undertaken. The main purpose of this study is to evaluate the
environmental factors to Initiation the effective factors in the characterization of gully erosion
at the Sanganeh Kalat Basin. We also aimed to apply a Conditional Probability (CP) model
for establishing the spatial relationship between gullies and the Geo-Environmental Factors
(GEFs). The gully erosion inventory map field surveying was randomly partitioned into two
subsets: part 1 that contains 70% was used in the training phase of the CP model; part 2 is a
validation dataset (30%) for validation of the model and to confirm its accuracy. Prediction
performances of the CP model Receiver Operating Characteristics (ROC) curve methods,
respectively. In addition, the influence of all GEFs on gully erosion was evaluated by
performing a sensitivity analysis model. The validation area under the ROC curve for the CP
model were 87.32%, respectively. Also, based on sensitivity analysis, lithology, drainage
density, distance from river and land use represent significantly effects on the gully erosion
occurrence.

Keywords: Gully Erosion, Geo-environmental Factors, Conditional Probability, Sanganeh
Kalat
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