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Extended Abstract

Introduction

Landslide is a geomorphological phenomenon with high potential for human and financial losses that occurs
due to the sudden and rapid movement of soil, rock, and other materials on low to medium slopes down the
slope. This phenomenon is considered one of the most destructive natural disasters in steep areas. Given the
importance and sensitivity of the subject, this article is dedicated to landslide risk zoning in the Talar Basin.
Studies conducted in countries with similar climatic conditions, global experiences, and perspectives on
landslide risk zoning can best help in planning for management and damage reduction. Nearly 70 percent of
Iran's land area is above 1000 meters in altitude (Zomordian, 2004) and 34 percent has a slope of more than
10 percent (Jedari Eyvazi, 1995). This indicates that Iran is a mountainous country and prone to slope
movements. Active neotectonics, together with young Tertiary geological formations and climatic
conditions, provide the basis for facilitating slope movements, especially landslides. Meanwhile, the Talar
watershed is also prone to landslides due to its foothill and mountainous conditions in the central and
southern parts of the basin. The high altitudes of the central Alborz and deep valleys are the main features
of the ruggedness of this region. The vegetation of the region includes Hyrcanian forests, mountain pastures,
and agricultural lands. The climate of the Talar basin is temperate and humid. Annual precipitation in this
region varies on average between 200 - 1000 mm, and most precipitation occurs in the autumn and winter
seasons. Due to its abundant rainfall and specific topography, this region is prone to floods and landslides.
The Talar watershed has significant geological diversity. Limestone and schist are among the dominant rocks
in this region. Due to the presence of active faults and complex geological structures, the potential of the
region for landslides is high. Land use changes, deforestation, water pollution, and Mass movements are
among the main problems of this region. Conservation and management measures are necessary to reduce
the negative effects of these problems. Given the diversity and complexity of the natural, climatic, and human
factors of this region, accurate knowledge of environmental characteristics can help in better planning and
management of natural and environmental resources. The aim of the present study is to use past landslide
data and investigate the factors affecting the occurrence of this geomorphological phenomenon, to prepare
a landslide zoning map using random forest and support vector methods, and to further evaluate the accuracy
and efficiency of the aforementioned models in predicting and identifying landslide-prone areas using the
ROC curve. Unfortunately, due to the high sensitivity of the formations of the northern Alborz range and the
tendency of non-native immigrants to settle and spend their leisure time in the mountainous and summer
slopes overlooking the plain in the Talar basin, conditions have been created for drastic changes in land use,
which in the event of a landslide will cause high and irreparable losses in terms of life and property.
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Therefore, investigating and identifying landslide hazard zones can be effective in raising awareness and
controlling landforms in the face of slope processes in the Talar basin. On the other hand, the aforementioned
models have been used separately or in combination with other models in landslide hazard zoning, but a
comparison of the efficiency of the two aforementioned models to identify the best model in an area with
semi-humid environmental conditions in the north of the country has not been conducted.

Materials and Methods

The Talar watershed is one of the ten largest basins in the central part of Mazandaran Province, with an area
of 3227.4 square kilometers, located in Mazandaran Province and south of the city of Qaemshahr . The
minimum and maximum elevation of this basin is between -26 and 4002 meters above sea level. The average
elevation of the basin is 767 meters. The ruggedness units of the basin can be divided into three classes:
plain (up to 200 meters), hills (200-500 meters), and mountains (more than 500). Since various factors are
effective in landslide occurrence, in this study, natural factors and variables such as topographic factors
including altitude, slope, slope direction, topographic moisture index, profile and plan curvature, along with
distance from rivers, distance from faults, lithology, precipitation, normalized difference vegetation index
(NDVI) and human factors such as distance from road and land use have been used. To produce the altitude,
slope, slope direction, topographic moisture index, profile curvature, plan curvature and distance from rivers
layers, the United States Geological Survey (USGS) digital elevation model with 30-meter pixel size was
used. To produce the distance from faults and lithology layers, the 1/100,000 geological map of the
Geological Survey of Iran was used. To produce the precipitation contour layer, data from rain gauge stations
in the Talar basin were used. To prepare the vegetation layer (NDV1), the vegetation index was used, and to
prepare the land use layer, the Landsat OLI satellite images were used with the supervised maximum
likelihood classification method in Envi5.6 software. Using the Global Positioning System (GPS), the
distribution layer of landslide occurrence points was prepared. To do this, first, by field surveying, the
location of landslides that were physically accessible was recorded by GPS. Of course, due to the topographic
conditions of the study area and due to their impassability and inaccessibility, Google Earth software was
used to identify some landslide points, and finally, 61 landslide points were collected and recorded in the
study area. 70% of the points (43 points) were randomly selected as training points and 30% of the points
(18 points) were randomly selected for model validation. Training data was used for modeling and validation
data was used for accuracy. Two methods, random forest and support vector machine, were used for landslide
zoning and modeling.

Results and Discussion

In the study of natural and human variables, it was determined that 56% of landslides occurred at altitudes
between 436 and 1126 meters. More than 78% of landslides are observed on slopes above 25 degrees. 49%
of the landslides occurred in the east, northeast and 38% in the south and southwest directions. 75% of
landslides occurred on shale, sandstone, conglomerate, and marl rocks in TRJs and Mmsl formations. Slopes
with low to medium curvature with a frequency of 50% show the highest overlap with landslides. In terms
of soil topographic moisture index, 80% of landslides are in values above 1.6 to 8 indices. About 64% of
landslides are located within 0 to 1.3 km of rivers, and 51% of landslides in the study area occur within 0 to
600 m of roads. About 78% of landslides are located within 2.5 km of faults. Approximately 50 and 45% of
recorded landslides occur in pasture and forest areas in the study basin, respectively. Due to the high rainfall
in the entire basin, landslide hotspots are visible, but in terms of landslide frequency, 30% of landslides occur
in areas with rainfall greater than 581 mm. According to the zoning results and the information received, in
the RF model, the highest risk class belongs to very low risk with a frequency of 54%, and the high risk class
in this model is 18.4%. However, in the SVM model, the very low class shows the highest spread with a
frequency of 40.6%, and the very high risk class accounts for 11% of the entire basin. 70% of the 61 landslide
occurrence points were randomly selected for model training and 30% for model validation to evaluate the
accuracy of the model with data that were not used in the training process. The evaluation results in the study
area showed that the area under the curve in the SVM and RF models is 12.87 and 27.85, respectively.
According to the classification provided for the area under the curve (excellent 0.9-1, very good 0.8-0.9,
good 0.7-0.8, moderate 0.6-0.7, and poor 0.5-0.6), both models have very good accuracy, but in comparison,
it can be said that the landslide zoning obtained from the support vector machine model in the study area has
a higher level of accuracy. It seems that the slight difference in the validity of the models under study is
related to the difference in the number and weighting of the criteria, as well as the difference in the climatic
conditions of the study basins.
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Conclusion

The studied area with 61 landslide zones is a very sensitive area to landslides, which has increased
significantly due to increasing human activities. To evaluate landslide-prone areas, 12 factors affecting
landslide occurrence (elevation, slope, slope direction, precipitation, distance from the river, distance from
the fault, distance from the road, vegetation index, soil topographic moisture, curvature index, lithology and
land use) were used. The overlap of landslide points and layers of effective factors showed that the lower
parts of the basin due to the gentle slope and low altitude, the type of constituent rocks, are less sensitive to
landslide occurrence, and in contrast, the middle and upstream parts of the Talar basin due to foothill and
mountainous conditions, with high altitude and slope and sensitive formations, indicate much more favorable
conditions for landslide occurrence. The results of the random forest model indicate very high and high risk
areas as 18.4 and 14.9 percent, respectively. While the results of the support vector machine model indicate
Listed hazard classes areas as 11 and 16.7 percent of the area, respectively. In the Talar basin, the risk classes
mainly coincide in the southern and central highlands with steep slopes and on the edges of rivers and roads.
Comparison of the aforementioned models showed that both models have high efficiency in landslide
occurrence zoning, but the results of ROC curve evaluation showed that the area under the curve obtained
for the support vector machine and random forest models are 87.1 and 85.3, respectively. According to the
classification provided for the area under the curve, the support vector machine model has a higher accuracy
in landslide susceptibility zoning in the study area. According to the results obtained from the two models,
on average more than 40 percent of the basin is at medium to very high risk of landslide occurrence, and the
need for planning for basin management and paying more attention to this phenomenon seems essential.

Keywords: Talar basin, Random forest, Landslide, Support vector machine, Hazard zone.
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Fig 1: Location of the Talar basin (Source: Authors)
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Fig 2: Distribution of landslides in the studied variables of the Talar Basin (Source: Authors)
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Oty doys Felf Sll3 L S Lo asd SVM V Joaz 5l (8L 0 oledlbl 5 sanangs mls 4 axgi b
Joles by Lo s adls 5 awo o plid 1) 5 plS @ s adlb i RE Jao 0 aS 058 o0 (ascioe
Sl ools plaisl sgs 1) abg> S dus 0 N o dids g o)l Blai Slglyd s 0 OF L o5 LS s

Jow o Llabl oo s, 0 VAT ol Jow cpl o 0l

(5,15 o) RF 5 SYM (sl Jose 5 333 (e Sl & by oSl ) Jgor
Table 1: Information related to landslide classes in SVM and RF models (Source: Authors)

RF Juo oy aigg wlinb SVM Jue gy g linb
KW S 4 colis KW S 4 colis aa b ol
54 174533/8 40/6 130892 oS kS
5/2 16662/7 1817 60350/6 o
715 24168 13 42053/4 Lwgie
14/9 42028/3 16/7 53979 sbj
18/4 59350/6 1 35468/3 ol sk

100 32274313 100 32274313 I e




VPO oS 5 a bl

M el 5 (Bolad Sz slaae sl eslanal b (53 (e sl £585 (omary

Joe g0 o cns /D117 g lawgio +/F— /Y (g
Olese amlio o Ll wiie o L cds glyls
oz cable Juta 3l ool 5530 (o szt oS i
AL 28 e 5l aalllas 590 ddhaie jo plotiy
L pol> Gebod ol (F JS5) Sl 039 Mo )95 0
Karamietal, ) o), 5 50,5 Jawgi oo ploel asllas
Gaaig 5> SVM Jas oYU 5,Skes 1 e (2020
oo plowl anlllae pizmom 15 Y el e o
ods p (Hallaji et al, 2020) )\ Kan 9 N> lawys
las Sz Joo dpen 4 pleniy oy Joe oYL
Ll oo ls Slyan yols Geios b o Jue bl 4y o
Oes 5 0 by a8F Sjge adlhe o
Zhao et al, ) . ,Ken 4 $l5 «(Heydari et al, 2020)
3 e o ol S Jae el 5 b5, (2021
0SE dize ol el s 5,01 Sl s Joe
Sy Joe olpes a4 JBolay Ko Joo a5 Wlooges
Sh slbay oy sl L @b e oy
S yoo B 4l b oe ple ay Cod A5 (e
3 Sl 4 (o) 3590 S kel 3 b LS
Lulph WS (rizen 9 jline (83559 0970 5 Slaws
4 p3Y il b ye aalllas 0)50 slrasy> s 5 o
e oJoe o il 5 el Gy S 55
g e () ey s gabaig laasds oy
boslasss a4 oliws Coz el s il Jool
doe g car bl slagly, 5l s JEbe

(Qiyasi et al, 2023) 05 colaiwl i3] (el

@y araimd la il AUC JLas 5 ROC s
A o e gunaib slaJos anslie 5 2L
Sfdes (sl Gmie Sl G5 (e Comlus AL
e il (g sleards b))l slaie 4 (ROC) (oo
Al oolaiwl loiy oy il 5 Bolar K> sla
Wl Jow azliz cul pizte ) b 410 5l AUC 0l
bas b Jloasl dBaws 51 e 1) 53w £589
ol g 10 O] G gl ke &) ez
e gl 4z a2 &S Jl o wola | 280 (p teS
Gty Al 5 CBS e Sk il SGo5 G @
(s ey Aoy alai £V 5las o Ve il ool ags
g bl swoye Yooy Jow (Training) ojeel co
olar Oyee a4 Jow (Validation) o Coxs
aigld 088 slasols by Jow cds et b asas ol
ool oslaiwl wged ol casloais oolasul Uosge]
do sl ey Yo a4 Ve aoy ol bl  ROC
b oldlas U Lulen doJos o,Skas o5l ca
Sl 5,0l 5 St Glaiags plai oals pll
o) 5 ,S «Shirani and Naderi Samani, 2022)
Sz Siw oS 9 gy (Karami et al, 2020)
s ¢l5 o (Destranj and Karimi Sangchini, 2022)
s ol ad iy O)90 (Zhao et al, 2021) ) Ken
b jlade aS ol las dslllas 550 00gase o b))
s AYNY il sy & RF 5 SVM Jow o Joise
s (sl ot il suuaiils 4y az i L aS ool ADIYY

A e R Y A T IR L C D RS E SOy

120
100
2) 80
e
el
ﬂg 40
20
0

ROC

SVM=87.12 BF =85.27
O orn P~ v W O B D~ e W Oh BT =
R R - e A L B B B - - =)

WELJLILYY

(RLRYe a0 G ey Sl (gainaigy 4ldi 4 by S ) e 5 ool 8 Sl el o F S
Fig 4: Relative Relative Operating Characteristic and area under the curve related to the landslide susceptibility

zoning map (Source: Authors)



VP8 ol Sen g )bl

VOY-VPA Oloas N F-F ) o)leds (o3l 0,90 e iils lpinghy

g0l L s b sla oM VB psul adg> 40 .0l
Loadhio 550 9 o5 &0 sl ion )0 boes ol

o aS ol lid oS de e Jow dlie ail oo Gulaio
Byl o5 ey £989 (gl 30 YL 2L Jawe g0
sl e 45 0ol ;i ROC imie b3, gl W
By mile sla s glp edel Cans a4 cien;
ADIY o AVIN ply s 3 a4 Bolas o> 5 ooty
25 g ly 0ol aljl gandil 4 4y b oS
YL 288 Glie Jf Gl Jlop edle Jaa (i
aslllas 950 adlate ;o (B33 (e Sl (ganasg 5o
99 3l edel Cuns 4 S 4 Az bbb e oy
ShS o adgm wo s Bl e (eSle jsb 4 (s
35,18 513 0530 (e g8 Ll 5l ok (LS U Ly
G 4295 g ad> Cupde Su Shyaeln o)) g

e yo0 B 4 659,80y (nl 4 ey

S il
ale" SeS gsslf)‘ L QL‘}L‘” TR )" allis C)’l‘ Olf‘-\-‘-“*-.’.?

Ailos )G 2l o

1-Random Forest
2-Support Vector Machine

References

Ahmadi, A.M. and Veisi, A.K., 2021. Landslide risk
assessment related to Paveh urban development,
Quantitative Geomorphology Research, v. 10(1),
p. 172-191.

Akinci, H., Kilcoglu, C. and Dogan, S., 2020.
Random forest — based landslide susceptibility
mapping in regions of Artvin, Turkey, ISPRS
International Journal of Geolnformation, v. 9(9),
553 p. https://doi.org/10.3390/ijgi9090553.

Bayati Khatibi, M., Hasanpour, S. and Faizizadeh,
B., 2024. Assessing the risk of gas pipelines
passing through mountainous areas and
investigating their threat from landslides using
hybrid-fuzzy algorithms (case study: Tehran's
third line). Quantitative = Geomorphology
Research, v. 12(4), p. 128-149.

Bui, D.T., Lofman, O., Revhaug, I. and Dick, O.,
2011. Landslide susceptibility analysis in the
Hoa Binh province of Vietnam using statistical

S Bblie 5l (Lhpa) angy #Y L pw)p 0590 03g0e
seudls 4 axg b oS ail oo 553 ey 4 eles

Srdeiz Gl oS> ol gedy (Sl 938l 3,
o S e (L5 (B33 (e €989 p Fige Jule
wolr ) alols (LS 5l alols wilsog, 5l alols (b

AL S ST cusb) (Bl Gy a3l
A M)f 0y (LS'@‘)‘ §f)U 9 GwLwe_iw/ sl

5 o5 ol g Jele (slaarY 5 oi5i) bl iligsen
eyl g mdlo s Jdo 4y ab e Caws (8L sl
@ (6 eS Camlus waips JSi b iz oS
95 e lacend blis jo 9 wijls (2530 (e £689
5 Glabass uls Lo 4 YU abe> cawaVl
5o IS 53 (e 58 St iaelin oy Ll
i s b gbls ol S s | Jol> gl
olis as o VF/A 5 VAT Jolee cus i &y 0l 9 0L
Ooeobe Jow 3l ol gl as el Jb o cploes o
93k k> S ey Sl b bl p laitay o
Yo dilie jlas 3 VAV 9 VY Jolee ol s b

cctgily

3-Radial Basis Function
4-Receiver Operating Characteristic

index and logistic regression, Natural hazards, v.
59, p. 1413-1444,

Destranj, A. and Karimi Sangchini, 1., 2022.
Predicting the sensitivity of landslide occurrence
with the maximum entropy machine learning
algorithm (Nyshabur watershed). Earth Science
Research, v. 13(3), p. 76-96.

Emaduddin, S., Taheri, V., Mohammad Ghasemi,
M. and Nazari Gazik, Z., 2021. Landslide
susceptibility zoning using frequency ratio
models and statistical index in Oghan watershed.
Quantitative Geomorphology Research, v. 9(4),
p. 75-95.

Esfandiari Darabad, F., Rahimi, M., Navidfar, A.
and Mehrovarz, A., 2020. Landslide
susceptibility assessment using artificial neural
network methods and support vector machine
algorithm (case study: Hiran road-Ardebil
province). Quantitative Geomorphology
Research, v. 9(3), p. 18-33.



VEY ol Sen g am bl

M el 5 (Bolad Sz slaae sl eslanal b (53 (e sl £585 (omary

Gao, Y., Li, B., Gao, H., Chen, L. and Wang, Y.,
2020. Dynamic characteristics of high-elevation
and longrunout landslides in the Emeishan basalt
area: a case study of the Shuicheng
“7.23”1andslide in Guizhou, China. Landslides,
v. 17, p. 1663-1677.

Goli Mokhtari, L. and Naimi Tabar, M., 2022.
Spatial modeling and prediction of landslide risk
using advanced data mining algorithms (case
study: Kalat city). Quantitative Geomorphology
Research, v. 10(4), p. 116-137.

Hallaji, M., Zanganeh Asadi, M.A. and Amir
Ahmadi, A.G., 2020. Evaluating the
effectiveness  of  landslide  susceptibility
prediction models in the Bar watershed of
Neyshabur. Watershed Management Research,
v. 33(2), p. 20-30.

Heydari, N., Habibnejad, M., Kavian, A. and
Pourgasmi, H., 2020. Landslide susceptibility
modeling with random forest machine learning
algorithm in Rais Ali Delwari dam watershed,
Watershed Research, v. 33(1), p. 2-13.

Hussin, H., Zumpano, P., Reichenbach, S. and
Sterlacchini, M.M., 2016. Different landslide
sampling strategies in a grid-based bi-variate
statistical susceptibility model, Geomorphology,
v. 15, p. 508-523.

llderami, A. and Ebadi, F., 2021. Evaluating the
effectiveness of landslide risk zoning models in
the Kurdistan Dam watershed, Quantitative
Geomorphology Research, v. 10(2), p. 64-83.

Jedari Eyvazi, J., 1995. Geomorphology of Iran,
Payam Noor Publications, v. 1, 110 p.

Kanevski, M., Timonin, V. and Pozdnukhov, A.,
2009. Machine  learning  for  spatial
environmental data: theory, applications, and
software. EPFL press.

Kanungo, D.P., Arora, M.K,, Sarkar, S. and Gupta,
R.P., 2006. A Comparative Study of
Conventional, ANN Black Box, Fuzzy and
Combined Neural and Fuzzy Weighting
Procedures  for  Landslide  Susceptibility
Zonation in Darjeeling Himalayas, Engineering
Geology, V. 85, p. 347-366.

Karami, F., Bayati Khatibi, M., Khairizadeh, M. and
Mokhtari  Asl, A., 2020. Evaluating the
effectiveness of the support vector machine
algorithm in landslide susceptibility zoning of
Ahrchai catchment area. Geography and
Environmental Hazards, v. 8(4), p. 1-17.

Karanjadi, A., Ong, M., Pourgasmi, H., Behermand,
A. and Motamedi, M., 2020. Landslide
susceptibility prediction using Mahalanobis
distance and machine learning hybrid models
(case study: Oghan watershed, Golestan
province), Earth Science Research, v. 11(2), p. 1-
18.

Li, Q., Wang, Y.M., Zhang, K.B., Yu, H. and Tao,
Z.Y., 2020. Field investigation and numerical
study of a siltstone slope instability induced by

excavation and rainfall, Landslides, v. 17, p.
1485-1499.

Naimi Tabar, M., Zanganeh Asadi, M.A. and
Kerami, M., 2021. Landslide risk zoning and
assessment using confidence factor, surface
density, and hybrid Bayes theorem models (case
study: Bagi basin, Neishabur). Quantitative
Geomorphology Research, v. 10(1), p. 112-129.

Park, S. and Kim, J., 2019. Landslide susceptibility
mapping based on random forest and boosted
regression tree models, and a comparison of their
performance. Applied Sciences, v. 9(5), 942 p.
https://doi.org/10.3390/app9050942.

Pourghasemi, H.R., Jirandeh, A.G., Pradhan, B., Xu,
C. and Gokceoglu, C., 2013. Landslide
susceptibility mapping using support vector
machine and GIS at the Golestan Province,
Iran, Journal of Earth System Science, v. 122, p.
349-369.

Pourghasemi, H., Yansari, Z., Panagos, P. and
Pradhan, B., 2018. Analysis and evaluation of
landslide susceptibility: A review on articles
published during 2005-2016 (periods of 2005-
2012 and 2013-2016), Arabian Journal of
Geosciences, ISSN 1866-7511, v. 11(9), DOI:
10.1007/s12517-018-3531-5.

Prada-Sarmiento, L.F., Cabrera, M.A., Camacho, R.,
Estrada, N. and Ramos-Cafion, A.M., 2019. The
Mocoa Event on March 31 (2017): analysis of a
series of mass movements in a tropical
environment of the Andean-Amazonian
Piedmont, Landslides, v. 16, p. 2459-2468.

Pradhan, B., 2013. A comparative study on the
predictive ability of the decision tree, support
vector machine and neuro-fuzzy models in
landslide  susceptibility =~ mapping  using
GIS. Computers & Geosciences, v. 51, p. 350-
365.

Qiyasi, V., Shirkhani Cheshme Shafi, M. and
Yousefi, M., 2023. An overview of the studies
done in the field of landslide risk zoning (random
forest algorithm). New approaches in civil
engineering, v. 6(4), p. 1-10.

Sadeghi, A., Sharifi Hashtchin, S., Rahimipour
Shekhaninejad, M.A. and Mahmoudi Chenari,
H., 2022. Landslide behavior measurement using
interferometric method of the studied area: Ardal
city, Quantitative geomorphology researches,
11th year, v. 1, p. 133-153.

Sadeghi, A., Talebi, A. and Zarei, P., 2022.
Determining  the  threshold of critical
precipitation in the occurrence of surface
landslides based on the process-oriented model
(case study: Javanroud region, Kermanshah
province). Quantitative Geomorphology
Research, v. 10(4), p. 156-177.

Sadidi, J. and Maliki, R., 2022. Comparison of
support vector machine, random forest and
logistic regression algorithms in landslide risk
zoning on Mahabad Sardasht road. Journal of



VPN ] oS g a bl

VOY-VEPA Sloas N F-F ) o)leds (a3l 0,90 e iils lpinghy

Remote Sensing and Geographic Information
System in Environmental Sciences, v. 2(4), p.
81-100.

Shi, W,, Li, Y., Zhang, W., Liu, J., He, S., Mo, P.
and Guan, F., 2020. The loess landslide on 15

march 2019 in Shanxi Province, China.
Landslides, v. 17, p. 677-686.
Shirani, K. and Naderi Samani, R., 2022.

Determining effective factors and assessing
susceptibility to landslides with random forest
and artificial neural network methods in the
Samsami watershed area of Chaharmahal and
Bakhtiari province. Watershed Research, v.
35(1), p. 40-60.

Talebi, A., Goderzai, S. and Pourgasmi, H., 2018.
Investigating the possibility of preparing a
landslide risk map using random forest algorithm
(study area: Sardarabad watershed, Lorestan
province), Natural environment hazards, V.
7(16), p. 45-64.

Xu, C., Dai, F., Xu, X. and Lee, Y.H., 2012. GIS-
based support vector machine modeling of
earthquake-triggered landslide susceptibility in
the Jianjiang River watershed,
China, Geomorphology, v. 145, p. 70-80.

Zhang, K., Wu, X., Niu, R., Yang, K. and Zhao, L.,
2017. the assessment of landslide susceptibility
mapping using random forest and decision tree
methods in the three Gorges Reservoir area,
china, Environmental Earth sciences, v. 76(11),
p. 1-20.

Zhao, Z., Liu, 2.Y. and Xu, C., 2021. Slope unit
based lalndslide susceptibility mapping using
certainty factor, support vector machine, random
forest, CF- svm and CF-RF models, Frontiers in
Earth science, v. 9, 589630, p. 1-16.

Zomordian, M.J., 2004. Geomorphology of Iran
(structural processes and internal dynamics),
Ferdowsi University of Mashhad Publications, v.
1,251 p.



