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EXTENDED ABSTRACT

Introduction

Landslide hazards and slope instabilities rank among the most devastating geomorphological natural
hazards, inflicting significant human, economic, and environmental losses on a global scale each year. Iran,
situated within the tectonically active Alpine-Himalayan belt, is especially prone to these hazards due to its
rugged mountainous terrain, seasonal heavy rainfall, and complex geological framework. This study
focuses on the Shahrchay River Basin in Urmia, northwestern Iran, a region characterized by intense
tectonic activity and diverse geomorphological features that amplify the risk of slope failures. The historical
backdrop reveals that landslides in Iran, particularly in mountainous zones such as the Zagros, Alborz, and
Binalud ranges, are driven by a complex interplay of natural factors—including geological composition,
topographic steepness, climatic variability, and hydrological dynamics—and human-induced activities such
as land-use alterations, road construction, and vegetation clearance. Previous research, including works by
Hemmati and Mokhtari (2017) and Baharvand and Sori (2015), has underscored the pivotal role of tectonic
processes, notably faulting and the resultant increase in shear stress, in initiating landslides. The Shahrchay
Basin, located near active fault systems like the Urmia Lake Fault, North and South Salmas Faults, Ashnoye
Fault, and Kuh-e-Shahidan Fault, exemplifies this vulnerability, with notable seismic events such as the 5.7
magnitude Silvaneh earthquake in April 2015, the 7.9 magnitude earthquake in October 1965, and the
aftershocks following the 1982 Ahar-Varzeqan earthquake highlighting the region’s seismic susceptibility.
The primary objective of this research is to explore the detailed relationship between morphotectonic
indices, drainage network patterns, and slope instability risks, tackling the core question of how active
tectonic processes reshape drainage structures and predispose the area to landslides. This study addresses a
significant knowledge gap, as integrated analyses combining tectonic, geomorphological, and
anthropogenic factors in the Shahrchay Basin remain scarce, despite the urgent need for enhanced risk
management, hazard zoning, and sustainable development strategies. The research is directed toward
environmental scientists, geologists, urban planners, policymakers, and disaster management professionals,
employing a multidisciplinary approach that integrates geomorphological assessments with advanced
statistical modeling to deliver practical insights for land-use planning and disaster mitigation. The
methodological design is grounded in its ability to construct a theoretical framework for understanding
tectonic influences on slope stability while providing actionable applications for hazard reduction in
comparable mountainous regions. The literature review, drawing on studies by Khazri et al. (2006), Nikjoo
et al. (2016), and Rofii et al. (2014), highlights ongoing debates regarding the relative impacts of tectonic
versus human factors, leading to the hypothesis that tectonic activity, when compounded by human
disturbances, is a primary driver of landslide occurrences in the basin. This framing sets expectations for a
comprehensive analysis that bridges theoretical geomorphology with practical policy implications,
addressing both the scientific community’s need for deeper understanding and the public’s demand for
safety measures.

Material and Methods

This investigation adopts a multi-stage, integrated methodology to evaluate the contributions of
geomorphological and tectonic factors to slope instabilities in the Shahrchay River Basin. The approach
encompasses data collection, spatial processing using Geographic Information Systems (GIS), extraction
of geomorphic indices, statistical modeling, and thorough validation of findings. Data were compiled from
diverse sources: satellite imagery from Landsat-9 (2023, 30-meter resolution) and Sentinel-2 (10-meter
resolution) supplied land cover and Digital Elevation Model (DEM) data, obtained from the USGS, while
geological maps (1:100,000 scale) and topographic maps (1:50,000 scale) were sourced from the Geological
Survey of Iran and the National Cartographic Center, respectively. Field surveys augmented these datasets
with detailed records of landslide locations, types, and characteristics, ensuring a robust empirical base. In
the GIS environment, topographic layers-such as slope, aspect, and elevation classes—were generated from
the DEM, and landslide distribution was mapped using Band 6 of Landsat-9 imagery, correlated with nine
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critical variables: elevation, slope, aspect, distance from faults, rivers, roads, lithology, vegetation cover,
and land use. Each variable was assigned a sensitivity score ranging from 1 to 5, with 5 indicating the
highest risk, following established geohazard assessment protocols. Key geomorphic indices, including
hierarchical anomaly (Aa), anomaly density (ga), bifurcation ratio (Rb), asymmetry factor (AF), and basin
shape ratio, were calculated using standardized formulas within GIS, building on methodologies outlined
by Nikjoo et al. (2016) and Burbank and Anderson (2011). The logistic regression model was applied to
predict landslide probability, utilizing a nonlinear S-shaped curve to link independent variables (e.g.,
distance from faults) with a binary dependent variable (landslide occurrence or non-occurrence).
Calibration involved assigning 1 to unstable areas and O to stable ones, with data processed in IDRISI
software. Validation was performed by comparing zoning maps with field observations, employing Chi-
Square tests (95% confidence level), Receiver Operating Characteristic (ROC) curves (target value >0.7),
and Pseudo Rz (>0.2) to assess model accuracy, fit, and predictive power. This methodology ensures
replicability and complies with ethical standards by relying on secondary data and non-invasive field
techniques, with no direct involvement of human or animal subjects, thus negating the need for specific
consent procedures. The approach’s descriptive and interpretive nature aligns with the study’s objectives
of elucidating tectonic impacts and informing practical interventions.

Results and Discussion

Analysis reveals a multifaceted interaction between tectonic processes and geomorphological dynamics
in driving slope instabilities throughout the Shahrchay Basin. The hierarchical anomaly index (Aa) of 1.34
indicates a lower-than-expected ratio of higher-order to first-order streams, suggesting potential tectonic
disruption or geomorphic adjustments, a pattern supported by regional studies from Khazri et al. (2006).
The anomaly density (ga) of 1.33 anomalies per square kilometer reflects significant tectonic activity, while
the bifurcation ratio (Rb) of 1.75, below the global average of 3-5, may suggest lithological or climatic
modulation rather than dominant tectonic control, consistent with insights from Burbank and Anderson
(2011). The asymmetry factor (AF) of 54.39 indicates a leftward stream shift, likely attributable to lateral
fault movements, and a basin shape ratio of 5.62 suggests tectonic elongation aligned with fault orientations.
Spatial analysis of landslide distribution, derived from 2023 Landsat imagery, identified 42.4 square
kilometers (0.61% of the basin) as unstable, with a pronounced concentration in lower elevations (1268-
2000 meters) where human activities such as agriculture, road construction, and urbanization are prevalent,
resulting in reduced vegetation cover and diminished soil cohesion. Slope analysis indicated peak instability
at 5-20% gradients, linked to human disturbances and unstable lithologies like marls, shales, and loose
alluvial deposits, while southern and southeastern aspects exhibited higher risks due to increased solar
exposure and soil desiccation.

This study employed a logistic regression model (ROC = 0.922) to analyze the key factors influencing
slope instability. The results indicated that elevation, slope, distance to faults and rivers, and vegetation
cover type exerted the most significant influence, respectively. The findings revealed that 87.25% of
instability events occurred within 3 km of rivers, 90% occurred within 2 km of roads in areas of sparse
vegetation, and 43.13% occurred in moderate to resistant lithological units within 1 km of active faults.
Spatial analyses further showed that hazard hotspots were primarily located at elevations of 1268-2000 m,
on gentle to moderate slopes (5-20%), and on southern and southeastern aspects. Moreover, over 87% of
instability events occurred within 3000 meters of watercourses. The results underscore the determining
tripartite influence of active tectonics (faults), topography (elevation/slope), and anthropogenic activities
(road construction/vegetation reduction) in exacerbating geohazards.
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Conclusion

This research illuminates the dominant role of tectonic activities, particularly active faulting, in shaping
slope instability hazards within the Shahrchay Basin, with morphotectonic indices providing crucial
insights into drainage network disruptions and landslide triggers. The findings reaffirm the importance of
the research problem, as landslides in tectonically active regions like Iran continue to endanger human lives,
infrastructure, and ecosystems, a concern echoed by Hemmati and Mokhtari (2017), Ngarash et al. (2013),
and Baharvand and Sori (2015). Theoretically, the study enriches geomorphological models by integrating
tectonic and anthropogenic influences, offering a foundation for future research into hazard dynamics and
landscape evolution. Practically, the results provide critical guidance for land-use policies, advocating for
restricted development in high-risk zones, prioritized reforestation to enhance slope stability, and improved
water management to mitigate erosion. The high ROC value (0.9223) and field validation indicate that the
logistic regression model accurately predicts landslide susceptibility, potentially explaining real-world
phenomena such as seasonal landslide reactivation during heavy rains, as observed by Baharvand and Sori
(2015), and offering a basis for modeling similar geohazards elsewhere. Applications are justified,
particularly in zoning for controlled construction, implementing watershed management projects, and
developing early warning systems, yet unresolved challenges persist, including accounting for long-term
climatic variability, adapting to urban expansion pressures, and refining models with advanced technologies
like LIDAR and real-time monitoring. The study’s contribution justifies attention from both specialists and
policymakers, offering a replicable framework for hazard management, which can be extended to other
tectonically active basins in Iran, addressing broader environmental resilience, disaster preparedness, and
sustainable development issues. Future research could focus on longitudinal studies to track tectonic and
climatic interactions, enhancing predictive models and supporting adaptive management strategies in the
face of evolving environmental conditions.
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Relationship / Reference Index
Aa = Ha, & il jasls
N1 (M) 5! pealides

lvanl T bl olaws =NT 5| jealedes sl lunl slasws =Ha o o pealedes (5 luinl jasLs=Aa
( Guarnieri & Pirrotta, 2008) \ 45, Hierarchical anomaly

Aa= Hierarchical Anomaly Index, Ha, =Total count of hierarchical anomalies, N1 = index (Aa)
Actual number of 1st-order streams (Guarnieri & Pirrotta, 2008).
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ga=—

g S sl anl ] olpealade g busl olass sHay ool jeabade s bual o515 jasls = ga
.(Ciccacci et al, 1987)as4> coluw =A

ga= Hierarchical Anomaly Density Index, Ha, = Total count of hierarchical anomalies

for the entire basin, A= Basin Area (Ciccacci et al, 1987).

Nu
Rb(u—u+1) “Nut1

YL a5, sleaalyl olow =NUu+ 1 iy ad, sleanal,l sl =NU lezsl cos asls =Rb
.(Guarnieri & Pirrotta, 2008)

Rb = Bifurcation Ratio Index,Nu = Number of streams of a given order,

Nu + 1 = Number of streams of the next higher order (Guarnieri & Pirrotta, 200).

Ndu
Rbd(u—u+1) “Net1

“'bl"ksa ul;):> )JYL, b, @ as’ og A, 6L®4.€bl)41 slass =Ndu ‘uLv_...J‘ p..ﬁ.......p Connd uA}LA =Rbd

(Baroni et al, 2005) sYL 45, slaaal plolaas =Nu + 1
Rbd = Direct Bifurcation Ratio Index,Ndu = Number of streams of a given order draining
directly into the next higher order,Nu + 1 = Number of streams of the next higher order
(Baroni et al, 2005).
R = Rb — Rbd
Guarnieri & ) cblais! pedivs Cams =RDU ass> Sblezsl cos =Rb cobleiil 23Ls =R
.(Pirrotta, 2008

R = Anastomosis Index, Rb = Bifurcation Ratio of the basin, Rbd = Direct Bifurcation
Ratio ( Guarnieri & Pirrotta, 2008).
AF AR 100
= — %
AT

abg> IS Coluw =AT ( Lol ailsg, 155 o Sl =AR g ) lEpae aoys ol =AF

(Clement & Brook, 2008) a; ye yieskS 4
AF= Percent Basin Asymmetry Index, AR = Area of the larger side of the main river, AT

= Total basin area (km?) (Clement & Brook, 2008).
BL
BS = Bw
g =BW s (25,5 b O oo 052l 5l 409> Jsbo o3l =BL s> IS jasli =BS
(Burbank & Anderson, 2001) Ceud oy 5 5o ads>
BS = Basin Shape Ratio Index, BL = Basin length (from the farthest divide to the outlet),
Bw = Basin width at its widest point (Burbank & Anderson, 2001).

YL1
LN1 ===
N

azy0 anlpl slawi = N o) ax 0 anlyl Jsb ggame= DL ¢V ax 0 anlpl Jsb Sl el =LN1
(Zuchiewicz, 1998)\

LN1 = Mean Length of 1st-Order Streams Index, L1Y = Total length of all 1st-order
streams, N = Number of 1st-order streams (Zuchiewicz, 1998).
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Bifurcation Ratio (Rb)
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(Rbd)olesil

Direct Bifurcation Ratio
(Rbd)

R)bleiil asls
Anastomosis Index (R)
OWpae do o el

Percent of Basin
Asymmetry

BS) ass>

Basin Shape Ratio(BS)
aalpl Jsb (nSike (a3l
(LNl)\"A?)o

Mean Lenght of First
Order Streams (LN1)

Ol ol eolaul S (g )35 Jow 5l eslainls slas lubl go8y Jlaim! sinion (sl 1S guw )5y sl
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1-Basin Shape Ratio
2-Mean lenght of first order streams
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Table 2- Coefficients Derived from the Logistic Regression Model
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Independent Variables Coefficients
Xo ol soe -9/5400
Constant Number
X1 S 5l alsls 0/23819
Distance to fault
X2 ool 5l alols 0/524297
Distance to road
X3 alsag, 5l alols -0/188468
Distance to river
Xa gl -0/161814
Lithology
Xs ALS sy 0/141
Vegetation
Xs s -0/398539
Slope
X7 ed S 0/505626
Slope Direction
Xs W)l clib -0/008911
Elevation classes
Xo RS- -0/036615
land cover

)

logit(Land slide) =-9.5400+(0.237819* X1 )+ (0.524297* X2 )+ (-0.188468* X3 )+ (-0.161814* X4 )+ (0.141* X5

)+ (-0.398539* X6 )+ (0.505626* X7 )+ (-0.008911* X8 )+ (-0.036615* X9 )

Pseudo ) (ywei o podds (Chi-Square) goslS (ee;l Jolis 8 lailiwl 5 ,Lel sla a5l oolaul b Jow o,Slee b))
(Y Jgaz) o pleil (ROC) 005 .5 o Slos dastin doin ) zaw g (R
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Table 3 — Validation Indicators of the Logistic Regression Statistical Model

ool Cowsd 4 Hludio 3 lailiwl lado b
Observed Value Standard Value Indicator
10930/4795 >14/1 Chi Square
0/3133 >0/2 Pseudo R Square

0/9223 1>0/5 ROC
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Fig.2. Landslide Susceptibility Zoning Map Using the Logistic Regression Method
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Fig.3. Area Occupied by Hazard Classes Based on the Logistic Regression Method

prl Lo 50 slanals slas lbl § (S39dgdy90955 9 (eSS slaan] B (oo alal) ) p Baa b ol hegh

Sl S cldlid g jea> ohgas (Sl ) slacadlad aS ol lis Wosls Judow 51 ols alis .ol slocl aeg )| (sl 4ot
didlaio 10 (Glougd 095 S yaidsl S (ulodw waiz g Jlods sl S dueg )| axlyyo S Jols Jled slo Ju8) Jled
Golual wile (SieiSigd ee o arls iyl glaalo g bl £98s Sy mal8l jo (gloviiS s g cwlul i



ol )Ked g o
e (S5 98,9095 GBS B9 3 (ST suis] B Wl I Sl

Yo

slasls g lubl Saisly b g)ls pxe (Siwor (RD) obleiil cond 9 (@A) o s, lxal (515 ‘(Aa)l.mmlﬁT s poadls
el b s bl dnwg 5 6 1S UKE 5 S lucime) Ol 56 puiiae i ,Silo a5 Wsls lis

drwgi g Sl og als gkl als jo slaswsi slacodled oo J...,L, Who cSlulidl Jolge sy K50 (Ggu 3l
) slasels 6 Il g8y il (ugmime job ar (oLS ilsy cu 55 5 (2Ll )5 5o 00,08 Olinis (bl slael,
colio LS iidgy 8B 3bls  osl> & jglxe jo (slaials (gl slaslyg, jlas 0 Qe L...).a.. a5 (5, 5bas cailoals !l
Silw oo diwz o 1) glaalsslas laubl wais jo Sludl slacdles i coeal @SS ol sl ools

ROC = y,5) oYL cdobas o8 8 eolaiul 8 50 Judow Lol 5l lare a4y Sz jgus )55 Joo casdllan ol 50
o S 5l alold coods £l )| oo ol piie . ules Lol 1) glasals (g )lubl £48g 5 S50 oS Julge coilss (0.922
3 G 45 0l iyl anasgy Sl il (6l e85 2 1) b it a5 4 (LS by 50 5 aalsg,
BAYPA o olelas )| o Boes g iloolid] 5Ll slaml T slaasiss 5l o Yoo v 5l ieS alols o (lasls g loubl auo s AY
S She s olad ajei a5 s co lid mls pl il 3 a5 (eye Ve B 0) Lwgio U wde sloca b e Voo e
5l ege (S (glaialo g bl Sy (pad 5 clidiae) 9 (S8 S g8

Lyl aSTs slaneloslags lubl Sy Co e 53 WD 0 5 gale (58,55, 3BT & )g58 » Sdgh ool slaaidly
5 09 RS Lidg bl Jols ablax Slaladl 09l so deogs (S lwludl 5 Sl Jelss lojes g_)‘).qL! @ dazgl
Gosgy drwg g wlus Gble ;o Jlee boaddled Jus (Jlou glacads o jlugcsle glacgsgume Jlos! o ol

ailie (S05958590555 5 Sloime) Sla S b (lwdsT sloads> o & prend Cobll snel cows @y @l il
Slble 1al5 slaasly szl g (b slr o) g oole pliee Glyie 4 Wlgioe gl ol s, GlRl e
og)i.c é).f )‘)5 oolazwl S,90 )5....5 kS’L"“"&’; d.bL..A 59 w)h».?u) 9 Q‘):q o pde L;Lam).,.cnl) S92 9 6“"-“"“56&6)"\:‘.[:&[5
(S35l 5e Olpmsd Dol il 5 sl ianie Gl leesls Sl rSe e b FESS i slade anegi (nl
Das JS ) ST Olids e Wilg o

References

Asghari Sareskanrood, S., Mohammadzadeh Shishegaram, M., & Asghari Sareskanrood, S. (2022). Zoning and
estimation of range movements in Hashtroud city using radar interferometry and MABAC model.
Environmental Management Hazards, 9(2), 133-150. [In Persian]
https://doi.org/10.22059/jhsci.2022.346994.736

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.
https://doi.org/10.1016/j.geomorph.2004.06.010

Babolimoakher, H. (2022). Investigation the relationship between frequency of landslide with active tectonic, based
on morphotectonic indices in Fahlian River Watershed. Watershed Engineering and Management, 14(2), 243-
259. [In Persian] https://jwem.areeo.ac.ir/article_125162.html

Baharvand, S., & Soori, S. (2016). Landslide hazard zonation using artificial neural network (Case study: Sepiddasht-
Lorestan, Iran). Journal of RS and GIS for Natural Resources (Journal of Applied RS and GIS Techniques in
Natural Resource Science), 6(4), 15-31. [In Persian]


https://doi.org/10.22059/jhsci.2022.346994.736
https://doi.org/10.1016/j.geomorph.2004.06.010
https://jwem.areeo.ac.ir/article_125162.html

vs VFeF 50 b ¥ o)lods OF wls ( daxo Ol jblo g Ll jas 4 s

Baroni, C., Noti, V., Ciccacci, S., Righini, G., & Salvatore, M. C. (2005). Fluvial origin of the valley system in northern
Victoria Land (Antarctica) from quantitative geomorphic analysis. Geological Society of America Bulletin,
117(1-2), 212-228. https://doi.org/10.1016/j.cage0.2003.08.013

Burbank, D. W., & Anderson, R. S. (2011). Tectonic Geomorphology. Wiley-Blackwell.
https://doi.org/10.2113/gseegeosci.19.2.198

Chau, K. T., Sze, Y. L., Fung, M. K., Wong, W. Y., Fong, E. L., & Chan, L. C. P. (2004). Landslide hazard analysis
for Hong Kong using landslide inventory and GIS. Computers & Geosciences, 30(4), 429-443.
https://doi.org/10.1016/j.cage0.2003.08.013

Ciccacci, S., Fredi, P., Lupia Palmieri, E., & Pugliese, F. (1987). Indirect evaluation of erosion entity in dranage basins
through geomorphic, climatic and hydrological parameters. Intenational Geomorphology, 2, 233-219.
http://dx.doi.org/10.13140/2.1.3909.1843

Clement, A. J., & Brook, M. S. (2008). Tilting of active folds and drainage asymmetry on the Manawatu anticlines,
New Zealand: a preliminary investigation. Earth Surface Processes and Landforms: The Journal of the British
Geomorphological Research Group, 33(11), 1787-1795. https://doi.org/10.1002/esp.1632

Dai, F. C., & Lee, C. F. (2002). Landslide characteristics and slope instability modeling using GIS, Lantau Island,
Hong Kong. Geomorphology, 42(3-4), 213-228. https://doi.org/10.1016/S0169-555X(01)00087-3

Esfandiari Darabad, F. (2008). Landslide hazard zoning of Ardabil-Astara communication road using GIS. Quarterly
Geographical Journal of Territory, 5(18), 113-124. [In Persian]
https://sanad.iau.ir/Journal/sarzamin/Article/823981

Guarnieri, P., & Pirrotta, C. (2008). The response of drainage basins to the late Quaternary tectonics in the Sicilian
side  of  the Messina  Strait  (NE  Sicily). Geomorphology, 95(3-4), 260-273.
https://doi.org/10.1016/j.engge0.2008.03.010

Hemmati, F. & Mokhtari, D. (2018). Risk assessment model using artificial neural networks Benaravan fault domain
instabilities (MLP). Quantitative =~ Geomorphological Research, 7(1), 74-89. [In Persian]
https://dor.isc.ac/dor/20.1001.1.22519424.1397.7.1.6.0

Hemmati, F., & Mokhtari, D. (2018). Zonation of the susceptibility of Banarvan Fault area to slope instability using
Fuzzy AHP model. Journal of Physical Geography, 11 (42), 15-34. [In Persian]
https://dorl.net/dor/20.1001.1.20085656.1397.11.42.2.0

Keller, A. E., & Pinter, N. (2002). Active Tectonics: Earthquakes, Uplift, and Landscape. New Jersey: Prentice Hall.

Khezri, S., Roostaei, S., & Radjaei Asl, A. (2006). Evaluation and slope instability risk zonation in central section of
Zab basin (Sardasht township) by Anbalagan method. The Journal of Spatial Planning and Geomatics, 10(1),
49-80. [In Persian] http://hsmsp.modares.ac.ir/article-21-695-fa.html

Kiani, T., & Yousefi, Z. (2018). Effect of active faults in the groundwater level of Shaharchay Basin in Urmia. Journal
of Geographical Sciences, 17(47), 61-75. [In Persian] http://jgs.khu.ac.ir/article-1-2682-en.pdf

Malekzadeh, T., Sharifi, J., & Elyasi, E. (2005). Earthquake hazard assessment in western Azerbaijan regions (Urmia
County). Paper presented at the Proceedings of the First Conference on Earthquake in Dorud - Past, Present,
Future, Dorud, Iran. [In Persian] https://civilica.com/doc/4291

Menard, S. (2001). Applied Logistic Regression Analysis. SAGE publications.

Moghimi, E., Alavi Panah, S. K., & Jafari, T. (2008). Evaluation and Zonation of Effective Factors on Landslide
Occurrence of Aladagh Northern Slopes. Physical Geography Research, 0(63), 53-75. [In Persian]
https://jphgr.ut.ac.ir/article_26906.htm|?

Motavali Sadraddin, M., & Esmaeili, R. (2013). Landslide hazard zoning using gamma fuzzy operator (A case study:
Taleghan  watershed).  Environmental  Erosion  Research, 2(4), 1-20. [In  Persian]
http://magazine.hormozgan.ac.ir/article-1-178-fa.html


https://doi.org/10.1016/j.cageo.2003.08.013
https://doi.org/10.2113/gseegeosci.19.2.198.
https://doi.org/10.1016/j.cageo.2003.08.013.
http://dx.doi.org/10.13140/2.1.3909.1843.
https://doi.org/10.1002/esp.1632.
https://doi.org/10.1016/S0169-555X(01)00087-3
https://sanad.iau.ir/Journal/sarzamin/Article/823981
https://doi.org/10.1016/j.enggeo.2008.03.010.
https://dor.isc.ac/dor/20.1001.1.22519424.1397.7.1.6.0
https://dorl.net/dor/20.1001.1.20085656.1397.11.42.2.0
http://hsmsp.modares.ac.ir/article-21-695-fa.html
http://jgs.khu.ac.ir/article-1-2682-en.pdf
https://civilica.com/doc/4291
https://jphgr.ut.ac.ir/article_26906.html?
http://magazine.hormozgan.ac.ir/article-1-178-fa.html

ohHKes g op
e 595809890955 B S 2 (SHEST Gyl B Ol B1 Sk

Yy

Negaresh, H., Faizi, V., Hodaei, A. A., Mollashahi, M., & Shahhiseini, M. (2013). Zoning of Mass Movement
Occurrence Hazard in West Azarbaijan Province. Journal of Natural Environmental Hazards, 2(3), 29-43. [In
Persian] https://doi.org/10.22111/jneh.2013.2460

Nikjoo, M., Boromand, R., Roostaei, S., & Amirahmadi, A. (2018). Network Analysis of Factors Affecting Binalod
Range Range Instability with Environmental Management Approach (Case study: North and South slopes).
Quantitative Geomorphological Research, 6(2), 45-63. [In Persian]
https://dor.isc.ac/dor/20.1001.1.22519424.1396.6.2.4.3

Peyrowan, H. R., & Shariat Jafari, M. (2013). Presentation of a comprehensive method for determining erodibility
rate of rock units with a review on Iranian geology. Watershed Engineering and Management, 5(3), 199-213.
[In Persian] https://jwem.areeo.ac.ir/article_101843.html

Rafiei, M., Asadian, F., & Ahmadi, J. Y. (2015). Investigation role of tectonics and lithology on slope instability in
the highlands north of Orumieh Lake using GIS (A case study of the north basin of water spreading schemes
Tasuj). Territory, 46, 23-40. [In Persian] https://sanad.iau.ir/fa/Article/823730

Rahimi, H. (2011). Spatio-temporal modeling of land cover changes using integration of Markov chain analysis,
artificial neural networks, and cellular automata. (Master's thesis), University of Tabriz. [In Persian]

Roostaei, S., & Khodaei, F. (2016). The zoning of slope instabilities on the mountain roads by artificial neural network
(MLP) (Case study: Dare Diz Strait). Physical Geography Quarterly, 33, 19-35. [In Persian]
https://dorl.net/dor/20.1001.1.20085656.1395.9.33.2.8

Roostaei, S., Mokhtari, D., & khodaiae, F. (2015). The application of Logistic Regression in the zoning of slop
instibitlies on the mountain roads (case study: dare diz strait). Journal of Natural Environmental Hazards, 4(6),
89-103. [In Persian] https://doi.org/10.22111/jneh.2016.2525

Sharifi, R., Solgi, A., & Pourkermani, M. (2013). A study of the relationship between landslide and active tectonic
zones: a case study in Karaj Watershed management. Open Journal of Geology, 3(3), 233-239.
http://dx.doi.org/10.4236/0jg.2013.33027

Shi, X., & Hu, X. (2023). Characterization of landslide displacements in an active fault zone in Northwest China.
Earth Surface Processes and Landforms, 48(10), 1926-1939. https://doi.org/10.1002/esp.5594

Shirani, K. (2018). On the Efficiency of Geomorphometric Parameters in Increasing the Accuracy of the Landslide
Zoning Maps (Case Study: Dezolia Basin, Isfahan Province). Geography and Environmental Planning, 29(3),
111-130. [In Persian] https://doi.org/10.22108/gep.2017.104440.1047

Skilodimou, H. D., Bathrellos, G., Antoniou, V., Koukouvelas, 1., & Nikolakopoulos, K. (2022). A GIS-based study
of factors related to landslides events in a tectonic active area. Paper presented at the 10th International
Conference on Geomorphology, Coimbra, Portugal, ICG2022-555. https://doi.org/10.5194/icg2022-555, 2022

Valizadeh Kamran, K., & Hashemzadeh, N. (2022). Zoning the risk of slope instability in Garmi city by fuzzy ANP
method. Remote Sensing and GIS Applications in Environmental Sciences, 2(2), 20-1. [In Persian]
https://rsgi.tabrizu.ac.ir/article_14792.html?

Van Westen, C. J., Castellanos, E., & Kuriakose, S. L. (2008). Spatial data for landslide susceptibility, hazard, and
vulnerability assessment: An overview. Engineering geology, 102(3-4), 112-131.
https://doi.org/10.1016/j.engge0.2008.03.010

Zuchiewicz, W. (1998). Quaternary tectonics of the outer West Carpathians, Poland. Tectonophysics, 297(1-4), 121-
132. https://doi.org/10.1016/S0040-1951(98)00226-1


https://doi.org/10.22111/jneh.2013.2460
https://dor.isc.ac/dor/20.1001.1.22519424.1396.6.2.4.3
https://jwem.areeo.ac.ir/article_101843.html
https://sanad.iau.ir/fa/Article/823730
https://dorl.net/dor/20.1001.1.20085656.1395.9.33.2.8
https://doi.org/10.22111/jneh.2016.2525
http://dx.doi.org/10.4236/ojg.2013.33027.
https://doi.org/10.1002/esp.5594.
https://doi.org/10.22108/gep.2017.104440.1047
https://doi.org/10.5194/icg2022-555,%202022.
https://rsgi.tabrizu.ac.ir/article_14792.html?lang=fa
https://doi.org/10.1016/j.enggeo.2008.03.010
https://doi.org/10.1016/S0040-1951(98)00226-1

