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ABSTRACT

In the current study, the risk of landslides in the Zamkan Watershed, located in
Kermanshah Province, was evaluated. Two machine learning models, Support Vector
Machine (SVM), and Logistic Regression, were used to prepare a landslide
susceptibility map. Toward this, 13 informational layers including elevation, slope,
aspect, Melton ruggedness number, terrain convexity, stream length, valley depth,
topographic wetness index, precipitation, geological formations, distance from rivers,
distance from roads, and vegetation cover were utilized as independent variables.
Approximately 70% of the watershed's landslide pixels were used for model training,
and 30% for model validation. Model validation was performed using ROC curves. The
results indicated the higher performance and accuracy of the radial basis function (RBF)
kernel of the SVM model for generating landslide hazard maps in the study area. The
area under the curve (AUC) for the RBF kernel was approximately 0.951 for model
training and 0.944 for model testing. The results suggest that slope with a coefficient of
0.28, precipitation with a coefficient of 0.27, lithology with a coefficient of 0.26, and
elevation with a coefficient of 0.22 are the main controlling factors for landslides
occurrence in the Zamkan Watershed. Both the SVM model and logistic regression
confirmed the deterministic effects of selected factors on landslides. About 35% of the
study area as classified as highly susceptible to landslides, primarily in the eastern half
of the watershed. Factors such as high elevation, steep slopes, heavy precipitation, and
the Kazhdomi Formation's composition were identified as key contributors to this
susceptibility.
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Introduction

Identifying landslide risk involves complex interactions of internal and external factors. It poses a significant
challenge for local governments and decision-makers and is valuable for assessing a region's susceptibility to
landslides. Predicting the location and creating landslide hazard maps are crucial initial steps in reducing and
managing landslide risk. The primary goal of landslide sensitivity modeling is to identify areas prone to mass
movements based on past event distribution knowledge. This idea relies on identifying regions where a
specific combination of physical features may indicate a propensity for similar events in the future. Typically,
landslide sensitivity modeling involves correlating the spatial distribution of past landslides with the spatial
distribution of influential factors such as morphometric features, geology, geomorphology, and land use to
generate sensitivity maps. In the present study, the risk of landslides in the Zamkan Watershed, located in
Kermanshah Province, was evaluated. For this purpose, two machine learning models, Support Vector
Machine (SVM), and Logistic Regression were used to produce a landslide susceptibility map. The SVM
model is part of machine learning and artificial intelligence models, while logistic regression falls into the
category of multivariate statistical models.

Methodology

In the current study, logistic regression and support vector machine models were utilized within the
Geographic Information System (GI1S) framework to assess the spatial distribution of landslides in the Zamkan
watershed. According to the research objectives, landslide distributions in the study area were considered as
the dependent variable, and 13 explanatory variables were utilized, including elevation, slope, aspect, the
Melton ruggedness number, terrain convexity, stream length, valley depth, topographic wetness index,
precipitation, geological formations, distance from rivers, distance from roads, and vegetation cover. In the
present study, the spatial distribution of landslides in the Zamkan watershed was analyzed using data provided
by the Natural Resources Organization, Google Earth satellite imagery, and field surveys. These data were
employed in the landslide hazard modeling process. Over 120 landslides were identified at the watershed
level, with a total area of approximately 173 hectares. Approximately 70% of the watershed's landslide pixels
were used for model training, and 30% for model validation. Model validation was performed using ROC
curves.

Results and Discussion

The results indicated the higher performance and accuracy of the radial basis function (RBF) kernel of the
SVM model for generating landslide hazard maps in the study watershed. In this regard, the area under the
curve (AUC) for the RBF kernel was approximately 0.951 for model training and 0.944 for model testing.
The results suggest that slope with a coefficient of 0.28, precipitation with a coefficient of 0.27, lithology with
a coefficient of 0.26, and elevation with a coefficient of 0.22 are the main controlling factors for landslides
occurrence in the Zamkan Watershed. All SVM model functions, as well as logistic regression, also
demonstrated the deterministic effects of these factors on landslides occurrence in the study watershed.

Conclusions

Based on landslide zoning maps using SVM and logistic regression models, over 35% of the study
watershed area was classified as high and very high susceptibility classes. These areas were predominantly
distributed in the eastern half of the watershed. High elevation, dominance of steep slopes, significant
precipitation, and the presence of the extensive Kazhdomi Formation comprising layers of limestone,
claystone, marl, and shale were identified as the main reasons for the high sensitivity of these areas to
landslides.
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Figure (4): Factors used in landslide risk zoning of Zamkan area
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Figure (9): ROC curve of Radial-based function Figure (9): ROC curve of Polinomial function
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Figure (13): Landslide risk zoning of Zamkan watershed using support vector machine model (radial basis function)
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Figure (14): ROC curve of logistic regression model
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Figure (15): Landslide risk zoning of Zamkan watershed using logistic regression model
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Figure (16): Area percentage of landslide risk classes of Zamkan basin using SVM model and logistic regression
2 el o e L5 St (e S 5 sy I pible o 53 55 8L Sl 5 5b5 68k b s odlS Caolns -
9 Baes baagy ol ol 48,5 18 05 sl 5 05 s pipshas (oS o Slilllas abse Colus aoys YO, &bl ol
ool (S35 2 )55 (slo 95518 SlSe 58 3L Sl 5 5L il elate sladtyy o Wlosd wis ady> (B A
S8l,0 W5 b hawgie slaced ade b elis)l 4 (g oo abaily Gl 5o a5l oo pal ) B33 e) £939 Sln T (onlie Ll o0 oS
o wiile 1ygaSl sl aged oLil (el 5 (hle oy LAY Lo b (Sol glaSins 0358 (3005 5 0l s52 Y3
Dy oo Dgmte oy ey 00iS delue (5l 51 lgicds 195 0e sladigy ;o s anlpl 5l alold g cod S o pelan

O3Sy 3 SVM) gl o pidle slodos a5 L o505 5o nl 49> o jo (o3alirme; £989 sl ol iaghy o
o o laie cov Eyoge YN g alily e lgicay B3ad sy anlow a4y 3 yekaie oy .c8 3 18 L_;,l.g‘)')l S )90 S
Jsb e gdaw ood (aide (5 lgenl due il S vl gl )] lale (9536 eaoge slaaY Ll colal Jaus
s ylas gl . LS jidg g ool alold walul 5l alold ¢ cwlids ey (loaisle ¢ 3L « S8l S g 55 Cusb ) 0,0 Gos caials
RBF) elais 4L aob alayl) cpl jo csl 065 ddg> o33 e 989 Hlas (gaisdigy ;o colaiul 050 o Jow Collae ol IS
Slp IAEY iz g AYYT oo ) Colue Sz g )5 Joe b oalaly jo cil lojem 8ol o YL 1 Jo
0t 50 g Saied g8y Joe s o0 i a5 0l ol e i Ll sl HATA (i 5 13T g oo (3500
ol 51 ol 53 o sz 4 B ol ol bl 55 2 e IS 51 5l5e5 a5 sl bii0conn)
it 6o, eSS Cud ey a5 canl ol Sly 5o Jaw g0 o 3l ol il ol sleaian YL Cds o SVM Jow  eleds
adgl bl 5550 slo )5S axtun 56 5l 4os> slaiialire; €585 50 e slayS (o nee e85 5 S35lgmd (b
SlaogSars) (o8 sbaaals 5l o isn () ads> aijluge wal B 1) (58l 0me) )30t slasels slags Ikl £485 (5902 5
Sal Gglie slaaY b slaasjle oo s geis, g axg5 B 5,L YU (5,50l ax 0 b elis ) oS o 28y 1, ST,
g8 ln 1y saslaws Lalpd o5 cnl Gllllae adg> (ool 5 (S039093,90055 coulitiine; Slolaisl 5l el 5 () )l
oaiS ool b ooaisSogame Julge licay 5 00g owe O jgoa Goes b5 ple (6,105 31 wle oo @28 o33 s
2 8 Setead G S5 9 Gl Sl poeile lade Syl L A5y Gy 4l olulp aites ke (553 e
B Ao 5 Baee 50 (sbadigy ol 48,5 15 0l Ly 9 0l g pdphs oS o Sllas ade> Colus do s YO

121



Py };L;F'.aju AR ajjsgéjﬂjéj}a"jjjju\:h

VY 5l oo los 3) 090 8390993909959 0B

(Sol sl 5l sls b (0055 Wil mrws geis 5 4z gs LB 55> D53 cdl,s wb el gl loads myje5 ade

S o5 ey 4 o H9S 0 slaaigy YL s pdy s LYS p e (et g (Gl oo,
References

Abdollahzadeh, A., Ownegh, M., Sadoddin, A., & Mostafazadeh, R. (2016). Comparison of two landslide-
prone area determination methods in Ziarat Watershed, Golestan Province. Emergency Management, 5(1),
5-13.

Abedini, M., Ghasemian, B., Shirzadi, A., Shahabi, H., Chapi, K., Pham, B. T., ... & Tien Bui, D. (2019). A
novel hybrid approach of bayesian logistic regression and its ensembles for landslide susceptibility
assessment. Geocarto International, 34(13), 1427-1457.

Aditian, A., Kubota, T., & Shinohara, Y. (2018). Comparison of GIS-based landslide susceptibility models
using frequency ratio, logistic regression, and artificial neural network in a tertiary region of Ambon,
Indonesia. Geomorphology, 318, 101-111.

Aghayary, L., Asghari Saraskanrood, S., & Zeynali, B. (2024). Identification and zoning of landslide prone
areas in Germi city. Hydrogeomorphology, doi: 10.22034/hyd.2024.58703.1709

Alaei Taleghani, M. 2007. Geomorphology of Iran, Ghoomes publ. Tehran. 360p.

Asghari, S., Hasan Zadeh, R., & Raoofi, S. (2020). Investigation of factors Influencing rock fall and Its zoning
with logistic regression in Ali Bayad basin of Horand, Hydrogeomorphology, 7(23), 38-21.

Ayalew, L., & Yamagishi, H. (2005). The application of GIS-based logistic regression for landslide
susceptibility mapping in the Kakuda-Yahiko Mountains, Central Japan. Geomorphology, 65(1-2), 15-31.

Bai, S., Wang, J., Zhang, Z., & Cheng, C. (2012). Combined landslide susceptibility mapping after Wenchuan
earthquake at the Zhouqu segment in the Bailongjiang Basin, China. Catena, 99, 18-25.

Cao, J., Zhang, Z., Wang, C., Liu, J., & Zhang, L. (2019). Susceptibility assessment of landslides triggered
by earthquakes in the Western Sichuan Plateau. Catena, 175, 63-76.

Chen, W., Zhang, S., Li, R., & Shahabi, H. (2018). Performance evaluation of the GIS-based data mining
techniques of best-first decision tree, random forest, and naive Bayes tree for landslide susceptibility
modeling. Science of The Total Environment, 644, 1006-1018.

Chen, Z., Ye, F., Fu, W., Ke, Y., & Hong, H. (2020). The influence of DEM spatial resolution on landslide
susceptibility mapping in the Baxie River basin, NW China. Natural Hazards, 101, 853-877.

Colkesen, 1., Sahin, E. K., & Kavzoglu, T. (2016). Susceptibility mapping of shallow landslides using kernel-
based Gaussian process, support vector machines and logistic regression. Journal of African Earth
Sciences, 118, 53-64.

Dang, V. H., Hoang, N. D., Nguyen, L. M. D., Bui, D. T., & Samui, P. (2020). A novel GIS-based random
forest machine algorithm for the spatial prediction of shallow landslide susceptibility. Forests, 11(1), 118.

Dou, J., Yunus, A. P., Bui, D. T., Merghadi, A., Sahana, M., Zhu, Z., ... & Pham, B. T. (2020). Improved
landslide assessment using support vector machine with bagging, boosting, and stacking ensemble machine
learning framework in a mountainous watershed, Japan. Landslides, 17, 641-658.

Esfandiary Darabad, F., Rahimi, M., Navidfar, A., & Arsalan, M. (2020). Assessment of landslide sensitivity
by neural network method and vector machine algorithm (Case study: Heyran Road-Ardebil province).
Quantitative Geomorphological Research, 9(3), 18-33 .

Ghorbani, A., Mostafazadeh, R., Zabihi, M., & Jafari Roodsari, M. (2023). GIS-based Determining the
Landslide Hotspot Occurrence using Getis-Ord Index in Gharnaveh Watershed, Golestan Province.
Hydrogeomorphology, 10(36), 18-1.

Guzzetti, F., Reichenbach, P., Cardinali, M., Galli, M., & Ardizzone, F. (2005). Probabilistic landslide hazard
assessment at the basin scale. Geomorphology, 72(1-4), 272-299.

Karami, F., Bayati Khatibi, M., Kheirizadeh, M., & Mokhtari Asl, A. (2020). Evaluation of performance of
support vector machine algorithm in landslide susceptibility zoning in Ahar-chai Basin. Journal of
Geography and Environmental Hazards, 8(4), 1-17 .

122



Ol g LT 53 (5,b sl Ly 43 e 3 ey ylaS Gusdigy 9 S0 (235

Lee, S.,Won, J. S., Jeon, S. W., Park, I., & Lee, M. J. (2015). Spatial landslide hazard prediction using rainfall
probability and a logistic regression model. Mathematical Geosciences, 47, 565-589.

Li, Y., Liu, X, Han, Z., & Dou, J. (2020). Spatial proximity-based geographically weighted regression model
for landslide susceptibility assessment: a case study of Qingchuan area, China. Applied Sciences, 10(3),
1107.

Luo, X., Lin, F., Chen, Y., Zhu, S., Xu, Z., Huo, Z., ... & Peng, J. (2019). Coupling logistic model tree and
random subspace to predict the landslide susceptibility areas with considering the uncertainty of
environmental features. Scientific reports, 9(1), 15369.

Najafi Eigdir, A., & roostaei, S. (2020). Prioritization of affecting factors on the landslide occurrence using
the logistic regression model (Case study: Nazlochai basin). Hydrogeomorphology, 7(23), 81-59. doi:
10.22034/hyd.2020.11161

Oh, H. J., & Pradhan, B. (2011). Application of a neuro-fuzzy model to landslide-susceptibility mapping for
shallow landslides in a tropical hilly area. Computers & Geosciences, 37(9), 1264-1276.

Panahi, M., Gayen, A., Pourghasemi, H. R., Rezaie, F., & Lee, S. (2020). Spatial prediction of landslide
susceptibility using hybrid support vector regression (SVR) and the adaptive neuro-fuzzy inference system
(ANFIS) with various metaheuristic algorithms. Science of the Total Environment, 741, 139937.

Reichenbach, P., Rossi, M., Malamud, B. D., Mihir, M., & Guzzetti, F. (2018). A review of statistically-based
landslide susceptibility models. Earth Science Reviews, 180, 60-91.

Saha, S., Roy, J., Hembram, T. K., Pradhan, B., Dikshit, A., Abdul Maulud, K. N., & Alamri, A. M. (2021).
Comparison between deep learning and tree-based machine learning approaches for landslide susceptibility
mapping. Water, 13(19), 2664.

Schicker, R., & Moon, V. (2012). Comparison of bivariate and multivariate statistical approaches in landslide
susceptibility mapping at a regional scale. Geomorphology, 161, 40-57.

Sepahvand, A., & Beiranvand, N. (2023). Application of the various soft computing techniques for Landslide
susceptibility mapping (Case study: A part of Haraz Watershed). Water and Soil Management and
Modelling, In Press doi: 10.22098/mmws.2023.12678.1263

Talebi Khiavi, H., & Mostafazadeh, R. (2022). The spatiotemporal dependencies of terrain indices with soil
characteristics in a steep hillslope mountainous area. Arabian Journal of Geosciences, 15(10), 937.

Tanyas, H., Rossi, M., Alvioli, M., van Westen, C. J., & Marchesini, I. (2019). A global slope unit-based
method for the near real-time prediction of earthquake-induced landslides. Geomorphology, 327, 126-146.

Tsangaratos, P., llia, I., Hong, H., Chen, W., & Xu, C. (2017). Applying Information Theory and GIS-based
quantitative methods to produce landslide susceptibility maps in Nancheng County, China. Landslides, 14,
1091-1111.

Wang, Y., Fang, Z., & Hong, H. (2019). Comparison of convolutional neural networks for landslide
susceptibility mapping in Yanshan County, China. Science of the total environment, 666, 975-993.

Wang, Z., & Brenning, A. (2021). Active-learning approaches for landslide mapping using support vector
machines. Remote Sensing, 13(13), 2588.

Xu, C., Dai, F., Xu, X., & Lee, Y. H. (2012). GIS-based support vector machine modeling of earthquake-
triggered landslide susceptibility in the Jianjiang River watershed, China. Geomorphology, 145, 70-80.
Yang, Y., Yang, J., Xu, C., Xu, C., & Song, C. (2019). Local-scale landslide susceptibility mapping using the

B-GeoSVC model. Landslides, 16, 1301-1312.

Zhao, S., & Zhao, Z. (2021). A Comparative Study of Landslide Susceptibility Mapping Using SVM and
PSO-SVM Models Based on Grid and Slope Units. Mathematical Problems in Engineering, 2021(1),
8854606.

Zhao, X., & Chen, W. (2020). Optimization of computational intelligence models for landslide susceptibility
evaluation. Remote Sensing, 12(14), 2180.

123



