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1- Introduction

The landslide as one of the mass movements consists of rapid movement or the slow motion of
rock, earth, or the sum of both, on the downstream side under the stress of gravity. Landslides are
considered dangerous and catastrophic phenomena so that the identification of landslide prone areas
and the production of accurate zoning maps of landslide sensitivity are important topics for risk
management studies. One of the most important and widely used methods of studying landslides is
zoning. The division of lands into separate areas, as well as the ranking of areas according to the
degree of landslide risk, is called zoning. In the present study, the study area is Kowsar County, which
has a high potential for landslides in terms of the specific situation of the region, such as topography
(mountainous and high basin), high slope, the presence of loose and unstable surface materials on
resistant structures and climatic conditions.

2- Methodology

The present study is of applied type and its research method is based on remote sensing techniques,
GIS, and the use of multi-criteria analysis techniques. ENVI, Ecognition, Arc GIS, Idrisi, and Excel
software have been used for image processing and data analysis. Criteria required in this research are
slope, slope direction, elevation classes of lithology, land use, soil, precipitation, distance from
communication road, distance from the waterway, and distance from the fault, according to the natural
and human conditions of the region. Information layers of communication routes and waterway
networks were obtained using the map of communication lines and rivers of Ardabil province. Slope
layers for slope direction were prepared using the digital elevation model. Using the geological map of
Givi (scale 1: 100000), layers related to lithology (rock resistance) as well as faults were prepared. In
order to extract the land use of the city, the object-oriented method, the nearest neighborhood
algorithm, and Sentinel 2 satellite images were used. To prepare the soil map, the soil map of Ardabil
province with a scale of 1:50,000 was used. The rainfall map of the city was also drawn using
meteorological and rainfall station data and the IDW interpolation method. In order to perform the
steps of MABAC and CODAS algorithms, fuzzy membership functions were used for standardizing
the criteria. Then, in order to weight the criteria, the critic method was used.

3- Discussion

In this study, distance from the road, distance from the waterway, digital elevation model, distance
from the fault, precipitation, land use, slope, aspect slope, soil, and lithology were identified as factors
affecting the area. Then, fuzzy membership functions, the above-mentioned elements became fuzzy
maps. The following results were obtained with respect to each element:

o Height: height changes of each region as an effective factor in the creation of mass movements.

o Slope: the slope is mainly determined in spatial distribution and landslide intensity.

e Slope direction: gradient orientation plays an undeniable role in the amount and type of
weathering of rocks, absorption, receiving solar energy, vegetation concentration, and moisture
content.

o Lithology: the kind of geological formation of each region plays an important role in the
development of sliding zones.
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o Distance from fault: the path of potential faults is on unstable points of the earth.

o Soil: the soil of each region is an effective factor in the creation of domain movements.

e Precipitation: precipitation has an effect on pore water pressure and groundwater-surface,
increasing amplitude and displacement and elimination of lateral stresses as a driving factor in
landslide occurrence.

o Distance from waterway: water flowing through the surface (runoff) and water that penetrates
the material.

¢ Distance from the road: the road is the natural state of the domain and causes vertical gashes in
the slope.

e Land use criteria: certainly, the type of land use always plays a decisive role in environmental
changes, especially the creation and intensification of range movements.

Based on the zoning done using the MABAC method, 211.99 and 298.85 km? of the area are in
very high-risk and high-risk classes, respectively. Based on the results of using the CODAS method,
106.90 and 222.02 km? of the area were in high-risk and high-risk categories, respectively. In order to
validate the slip potential zoning maps, using CODAS and MABAC methods, a sample of selected
high-risk pixels was examined according to the set criteria. Examination of high-risk points showed
that these areas were mainly in the slope of 20 to 35%. The road factor plays a very important role in
creating slippery movements due to under-passing and removing the heel of the slope and changing
the slope of the slopes.

4- Conclusions

The results of the study indicated the high power of Kosar city in terms of the occurrence of sliding
movements. Slope factors, land use, soil, and lithology were the most important factors involved in
creating landslides in the study area. Also, the results of comparing the models showed that the
MABAC model provided a larger area of landslide risk than the CODAS model. It is expected that the
results of this study will pave the way for better and more scientific management of competent
managers and planners in this field.
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Figure 1. Location map of Kowsar township
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Figure 3. Standardized map of elevation class criteria
Figure 4. Standardized map of slope criterion (Authors, 2020)
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Figure 5. Standardized map of aspect criterion
Figure 6. Standardized map of Lithology criterion (Authors, 2020)
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Figure 7. Standardized map of Distance from fault criterion
Figure 8. Standardized map of soil criterion (Authors, 2020)
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Figure 9. Standardized map of rainfall criterion
Figure 10. Standardized map of distance from the river criterion (Authors, 2020)
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Figure 11. Standardized map of distance from the road criterion
Figure 12. Standardized map of land use criterion (Authors, 2020)
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Table 1. Calculation of final weight of criteria using Critic method (Authors, 2020)
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Table 2. Area of landslide risk classification using CODAS and MABAC techniques
(Authors, 2020)
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Figure 15. A case study of very high risk areas in the final map of the MABAC model
(Authors, 2020)
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Figure 16. A case study of very high risk areas in the final map of the CODAS model
(Authors, 2020)
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Table 3. Number and percentage of slip scatter points in each hazard class
Authors, 2020)

MABAC J..
ot S o ek S g | ey P et b
\ 1 q \K3 a1 Slds
Y/VV A\ Yo YAAQ AR\ BWRTS
CODAS Ju.
A0S Sl Ao e o A ke S b
Y 0 \e Ak ¢ Sldas
AYY VYA YA/VA YA/AQ ARVAR! BWERT
ROC 418903
120
v \ CODAS
.',‘ W | ROC=0/839 e CODAS(TP)
i »
- e MABAC(TP)
A MABAC
& ROC=0/783
B A9 ——MABAC &
@ A CODAS(FN)
E 20
R N R L - (falen positival,fies

u},duyo)‘_;.l.u%‘_gu@bbf}o RS :lJ'ch"Jw"'J”g"’ UIE RARRE S9) AY }SM"
(¥4 (O ks )

Figure 17. Relative performance detection curve and area below the curve related to landslide zoning
maps
(Authors, 2020)

& S 4o
(o Joalge ol 353 OIS > sl Bl 558 Ol e sl Jonily 51 S asdlas 51 ol o
Ghlis 5l SLalllas 6350 mmn 53 35 sl 3 Lt Jalye cn S (S350 5 S SLl 608
Ao s Ly g gid S sle 5 215 Gl 08 o3 YO U Y ol 3 dae jsbay sty 5 last ol

1. Feizizadeh et al.

2. Tajudin et al.

3. Gigovic et al.

4. Vojtekova and Vojtek



Al O, 8en 5 g2k e CODAS s MABAC & )bz (5,5 poons duﬁ),ﬂ Gamslis b3l

‘J‘)‘J‘)‘JJL?JG_Mg:,.m...»_jL}.v}w).)‘jﬁdj@b@w&u&bﬁ)b&Lﬁ&)b)b};})lﬂjdﬁj&)blﬂ)
s o B ns ot o 3 |y e 5l (8 i gy MABAC e cladile lie sl bl (oimes
43 (ROC) i JJ_{L,.:« oerls sleslan il 5 gliiw sla gt a4 as 65 L Lol cdas o 0L CODAS Ju
b..ngnJSd\)ll)L;JSJﬁBL}fLE@qu\,«dl):);:ﬁju@ﬂw}&S(ﬁlﬁ.ﬁ.lja.,\.is%_?J‘qﬂgw
o594 o pa ey Sl Bl st b ble Sluls 5 Jae cpl 5l eslazal (CODAS Jae Coslie &35 4 4 ¢
Sl e oolgln Shua S sble s

A A i AS 5 (o8 A 5 el e e BU RS Sl alS e o 2 S alals
cc)l_?- QU‘J\JS—“‘“ “ qu..M.A C_)LCLGJ)\ Luwls g_,.:...fa J:.J&\S J{.J"J Lole &_?Lal.x_%\ J.il; 4_<.Ls Sc)l.?-ﬁmﬂ?;ﬁ Ll oJL?-
g fl"”.‘ ubcla.dj'\ of Cudls g ails iy sl Gl il J.':._{.:ajwslquj ioslie QLS ials

Dy e ol 5o o sd

pbe

st Gty B0 js ol amies S gl il 5 il Jolow g gy (0740 il s
asaly sbal ( pliwsy 5 S s S ronel g 5 Wi A5) ol IS LLOLL (law gie 5 S 58 mlo)
Sl psle 5 Dlsl 5aSs sl e oK1 s S (5 ks

Obiul syl dakae sglon g SIS o slowl 5o S0 Jolge gwypn (YA (o Sltinl b (o]
XY XYY b 6l 08 3555 Ol pl meb mlis Alame (g5l 5 Jlowalgr

S5 P98, 85 Ol s gdsag g Jdow ((\TAA) casils b g Olulu caabls ((alslas (08 50 oo il
5555 (rnb SLilax gbs iass FR 5 AHP-VIKOR (gla Jus 5 salinal b 5,00 Oll (Jow 5 o5 53)
ALTISRVA ARSI

G oS 8 s 3 38 (VYAY) Jash o olS s o (Shallle (L« aST cdblelile (ol asls
Ol o8zl le dorme Bliams Olimsl 3 AlS Sl 8 13 g0 Aalllas ¢ B3R ) b g aigy 5
8 -0V s led XY s

ANRF Juee Ly glos g5 DS o 85 ol g8 (s 2 - O0TAQ) (o ¢ 25 Lo e sl et ¢ lasss
31T o8l s (g5 asl 53 mad (Lol a5 8 Jioler  pMe ONS e s g 155 ) g0 anlllas
A=) Ol S olle 2 S



VY44 L)LMA) & a)Lo.:« A &Lﬁ AR JLM: “"h?’u 6}_)4.4‘5}3 9 L;Jlfv;- Yy

ole 53 Sl i duaig b S, bl OTAL) (bl (b o Girx Ole b (Lo (g St
0ae) gy 5 il e Giles ae g SVLs 4 paze (Xgles pul Wb g 163590 Andllae ()00t e
V=V Ol csls el s Sl cblis Slidss S e (0As —0VE

OYAV) caabae ¢ Slam )Y (ol Olalu ¢ IS UL (L ¢ ponns Ola o2l (I e« omle Olab
SLeMb! s 51 ol b o lmaize ol 50) By Slae iy Ol g (63 8 Comed 0157 05
AASSIVA Q) 5t ) 6553 Sl ($35555 5 5k (bl

Jds 31 eslaul L Ol J_,?ui Lo 50 oyd gy s g ag (\TAN) (o ( Slas cdao il

YN b b by ollas slajiass LNRF

L A e g iy OTAA) Crla  olle Il 00 s0men (635513 Ld sibams Ol gr 55 ctpans (S0l
Ol camaS il dd g 163 s Aalllas (30 5 o) j0 ks Jdowi Al 3 Jike 93 ol 51 0Lt
N0A Y (b 55led Vb3 oS (S50 se 55 Glata s (Olghel

SLLESEOE Il Sl o slacad Sl d ol 5 Sle g S5 05 (VY0 (s (6 janr Cny 3
.03l

Jime 3l osliial b (558 e g8 s (g3le dibe (VFAT) lllellae (6305 1 o)l cObamll (oo g« ubile
$53 canmr s 5 Ll i Laldab 5l Ol b Dl S Ol (635 50 dallas Kz O g S5 (5,
NeY —A0 XV 5l Y

Jis 5l oslinul b (slr 608 By, b g o saome) (shuaigs ((1TAY) ctoyane o) (Slgr ol 2
AAC AN L Y G s wnn s Wi Al (BP) HLESH ey 5 95 s § 55 ) aVd> O

iilie g3, 90 Adllae £ B 5d) e suaigy 53 (WLC) (55 (s oS 5 e 3 8 OYAY) e o S
MV Sl F 5500 canan i 5 LWl ar e (g li5w 9 dlme)lgz 095 5w

FooYE Xl el Eisel A i ome) s gdaig ((VWAY) s 5 S, 5S

b Lse alaisl 53 (o A1 Joe 5l eslil (WYAY) (Olam (i) ool ol ol ol cammcke (ko
oled ) 650 (Sl lalsy 5 Ll ae (G plas —dgaw) 39,5 —ad b (ol B3l e 53 S5A )
OA =YV Y

- e R e e R I e T A e T
el s s Ol Oliwl 31 pise 153,90 ddllas ¢ dolas K> o (..u”,,?m 3 esliel b O Comlas
AV Y 00 il A bs el Ly S e

Jies 3l ealimul Ly 5 5d ey plas (gks gy 9 (260 (VFAE) GUI (g5 5  dllas 0 lS (golis « Luds ((gauke

DY SIVE syl F 553 oS (S35 soses) Slaiash (slrOBYGT soul b g 65,9 adllhae ¢, 555



v O, 8en 5 g2k e CODAS s MABAC & )bz (5,5 poons 5urg),§u Gamslis b3l

6%0\5&&] }:P.t.zi U? BL &}.ﬁwﬁ} JL’. ‘5..\}.34}.6.; (\qu> crl.@.” c.bj_é o.)bjg..l c)u‘ (S5 cJ:.LO RLEY
\oﬁoﬁ —\VV c_\i ;)LQ-\-:J 4\/\ .Ll;— ;@L:ﬁ\]v- st :\.auw cELECTRE J.X.d j' e.sl.&:..d L.t

:t,aLwi.Aj}, ‘O\ijjﬁ-—c:’e‘.l J',?'ui L&_,P- 8o, il GIS .’az."u L o)\.gux.?:- szu stﬁd.u J" ealaiw!
AV YA N 5k e Gl 45 o e

Alinezhad, A., Khalili, J., (2019). New Methods and Applications in Multiple Attribute Decision

Making (MADM), International Series in Operations Research & Management Science, Vol 277,
Springer, Cham.

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, Vol 644, Pp 1006- 1018.

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

Crosta, B.G., (2009). Dating, triggering, modeling and hazard assessment of large landslides,
Geomorphology, Vol 103, Pp 1- 4.

Dai, F.C., Lee, C.F., (2002). Landslide Characteristics and Slope in Stability Modeling using GIS
Lantau Island Hong Kong, Geomorphology, Vol 42, Pp 213- 228.

Davis, J., Blesius, L., (2015). A Hybrid Physical and Maximum-Entropy Landslide Susceptibility
Model, Entropy, Vol 17, Issue 6, Pp 4271- 4292.

Diakoulaki, D., Mavrotas, G., Papayannakis, L., (1995). Determining objective weights in multiple
criteria problems: The critic method, Computers and Operations Research, Vol 22, Issue 7, Pp
763-770.

Earthexplorer.usgs.gov

Feizizadeh, B., Shadman Roodposhti, M., Jankowski, P., Blaschke, T., (2014). A GIS-based extended
fuzzy multi-criteria evaluation for landslide susceptibility mapping, Comput Geosci, Vol 73, Pp
208-221.

Gigovic, L., Drobnjak, S., Pamucar, D., (2019). The Application of the Hybrid GIS Spatial Multi-
Criteria Decision Analysis Best-Worst Methodology for Landslide Susceptibility Mapping,
International jornal of Geo-Information, Vol 8, Issue 2, Pp 1- 29.

Gomez, H., Kavzoglu, T., (2005). Assessment of shallow landslide susceptibility using artificial
neural networks in Jabonosa River Basin, Venezuela, Engineering Geology, Graupe, Daniel,
Principles of artificial neural network, Vol 78, Pp 11- 27.

Gorum, T., Fan, X., Van Westen, C., Huang, R., Xu, Q., Tang, C., Wang, G., (2011). Distribution
pattern of earthquake-induced landslides triggered by the 12 May 2008 Wenchuan
earthquake, Geomorphology, Vol 133, Issues 3- 4, Pp 152- 167.

Haque, U., Paula, F.d., Silva Graziella, Devoli., Pilz, J., Zhao, B., Khaloua, A., Wilopoi, W., Andersen,
P., Luk, P., Lee, J., Yamamoto, T., Keellings, D., Wuo, J.H., (2019). The human cost of global
warming: Deadly landslides and their triggers (1995- 2014), Science of The Total Environment,
Vol 682, Pp 673- 684.

Kadavi, P., Lee, C.W., Lee, S., (2018). Application of ensemble-based machine learning models to
landslide susceptibility mapping, Remote Sensing, Vol 10, Issue 8, Pp 1- 18.

Kerekes, A., Poszet, S., Gal, A., (2018). Landslide susceptibility assessment using the maximum
entropy model in a sector of the Cluj—Napoca Municipality, Romania, Revista de
geomorfologie, Vol 20, Pp 130- 146.

Khan, H., Shafique, M., Khan, M., Mian, A., Safeer, U., Shah, Chiara, C., (2019). Landslide
susceptibility assessment using Frequency Ratio, a case study of northern Pakistan, The
Egyptian Journal of Remote Sensing and Space Sciences, Volume 22, Issue 1, Pp 11- 24.


https://www.mdpi.com/1099-4300/17
https://www.mdpi.com/1099-4300/17/6
https://www.sciencedirect.com/science/journal/03050548/22/7
https://www.ncbi.nlm.nih.gov/pubmed/26089577
https://www.mdpi.com/2220-9964/8
https://www.mdpi.com/2220-9964/8/2
https://www.sciencedirect.com/science/journal/0169555X/133/3
https://www.mdpi.com/2072-4292/10
https://www.mdpi.com/2072-4292/10/8
https://www.sciencedirect.com/science/journal/11109823/22/1

VY44 L)LMA) & a)Lo.:« A &Lﬁ AR JLM: “"h?’u 6}_)4.4‘5}3 9 L;Jlfv;- Y¢

Mathew, M., Sahu, S., (2018). Comparison of new multi-criteria decision making methods for
material handling equipment selection, Management Science Letters, Vol 8, Pp 139- 150.

Negnevitsky, M., (2002). Artifical Intelligence: A Guide to Intelligent Systems, Addison
Wesley/Pearson Education, Harlow, England.

Pontius, R.G., Schneider, L.C., (2001). Land-cover change model validation by an ROC method for
the Ipswich watershed, Massachusetts, USA, Agriculture, Ecosystems and Environment, Vol 85,
Issues 1- 3, Pp 239- 248.

Rossi, M., Guzzetti, F., Salvati, P., Donnini, M., Napolitano, E., Bianchi, C., (2019). A predictive
model of societal landslide risk in Italy, Earth-Science Reviews, Vol 196, Pp 1- 19.

Shafique, M., Van der Meijde, M., Khan, M.A., (2016). A review of the 2005 Kashmir earthquake-
induced landslides; from a remote sensing prospective, J. Asian Earth Sci, Vol 118, Pp 68- 80.

Sorbi, A., Farrokhnia, A., (2018). Landslide hazard evaluation and zonation of Karaj-CHaluse
road (North of Iran), International Journal of Geography and Geology, 7, Issues 2, Pp 35- 44.

Tajudin, N., Yaacob, N., mohdali, D., Adnan, N., (2018). Rainfall — landslide potential mapping
using remote sensing and GIS at Ulu Kelang, Selangor, Malaysia, Conference Series Earth and
Environmental Science, Vol 169, Pp 1- 8.

Vertex.daac.asf.alaska.edu

Vojtekova, J., Vojtek, M., (2020). Assessment of landslide susceptibility at a localspatial scale
applying the multi-criteria analysisand GIS: a case study from Slovaki, Geomatics, Natural
Hazards and Risk, Vol 11, Issue 1, Pp 131- 148.

Yalcin, A., Reis, S., Aydinoglo, A.A., Yomraliglu, T., (2011). A GIS- based comparative study of
feguency ratio, analytical hierarchy process, bivariate statistics and logistics metids for land slide
susceptibility mapping in Trabzon, NE Turkey, Geomorfology, Vol 85, Pp 274- 287.

Yesilnacar, E.K., (2005). The Application of Computational Intelligence to Landslide Susceptibility
Mapping in Turkey, PhD Thesis, Department of Geometrics the University of Melbourne.


https://www.sciencedirect.com/science/journal/01678809/85/1
https://www.sciencedirect.com/science/journal/01678809/85/1
https://www.sciencedirect.com/science/journal/00128252/196/supp/C
https://www.researchgate.net/scientific-contributions/2145589547_Noraisyah_Tajudin
https://www.researchgate.net/profile/Norsuzila_Yaacob
https://www.researchgate.net/profile/Darmawaty_Mohd_ali
https://www.researchgate.net/scientific-contributions/2145584055_Noraizam_Adnan
https://www.researchgate.net/journal/1755-1315_IOP_Conference_Series_Earth_and_Environmental_Science
https://www.researchgate.net/journal/1755-1315_IOP_Conference_Series_Earth_and_Environmental_Science

