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This study was conducted to analyze the effects of active tectonic
processes on geomorphological features and assess the potential for slope
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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



Journal of Geography and Environmental Hazards, 2025, Vol. 14, No. 3 20

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 (. a) of 333
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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oy |l R
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> coluws =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

(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 =RDA ass> Sblesl o =Rb «obleiil 23Ls =R
.(Pirrotta, 2008
R = Anastomosis Index, Rb = Bifurcation Ratio of the basin, Rbd = Direct Bifurcation
Ratio ( Guarnieri & Pirrotta, 2008).
AF s 100
= — %
AT
abg> IS Coluw =AT ( Lol ail3og, 155 o Colus =AR g )lEpoe oo a3l =AF
(Clement & Brook, 2008) a; ye yieslS 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
Sl =BW cads (255 b O oo 05 2l 5l 409> Jsbo o3l <BL s> JS jasli -BS
(Burbank & Anderson, 2001) ced oy 5oy 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 =2 —
N

axy0 aalpl slawi = N o) ax 0 anlyl Jsb ggeme= DL 0V ax 0 anlyl Jsb S5l 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).

&l (ST el
(G2) 51 yotlks

Density of Hierarchical
Anomaly(ga)

Rbyoleas) s

Bifurcation Ratio (Rb)

°".."“"“""‘" A "’“ = "";
(Rbd)olesil

Direct Bifurcation Ratio
(Rbd)

RISl Lozl
Anastomosis Index (R)
OWpae do o el

Percent of Basin
Asymmetry

BS) ass>

Basin Shape Ratio(BS)
aalpl Jsb (nSike (a3l
(LNl)\VA?)b

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

IS5 S giomin Sy & g0ty |, (585 puslgsd) aillogs aily poite s (e Jolse) Jiun (Lo eitio (o (oo ala Jo
e oo i ) Setwsd yamo)S) Jdo (og0s IS (V) dlee ( Dai & Lee, 2002; Rahimi, 2011) &S o capogs

1-Basin Shape Ratio
2-Mean lenght of first order streams
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Table 2- Coefficients Derived from the Logistic Regression Model

Jitawo 0 ek il
Independent Variables Coefficients
Xo ol soe -9/5400
Constant Number
X1 e 5l Al 0/23819
Distance to fault
X2 ool> 3l alols 0/524297
Distance to road
X3 alssg, 5l alols -0/188468
Distance to river
Xa S3glyd -0/161814
Lithology
Xs = 8 0/141
Vegetation
Xs . -0/398539
Slope
X7 h g 0/505626
Slope Direction
Xs W) slib -0/008911
Elevation classes
Xo RIS -0/036615
land cover

D

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 ) cyuwei o podacds (Chi-Square) g3slS (a0l Jolis o lailiwl 5,lel slo a5l eolatul b Jow o,Skee S5,
(Y Jgaz) o pleil (ROC) 005 .5 o Slos dastin doin ) zaw g (R
A9 laeb! mhaw o Slyme lade 5l yias g loline Hebas a5 ael Cawsas VoY IFA L plp 905l g0yl 8Ll laie

alaly 8925 pas s yho (08 g 009 o me ST G ygods Jow 1S conl )] Sils azes ol (P < 0.001) cowl vuo s
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Table 3 — Validation Indicators of the Logistic Regression Statistical Model
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Observed Value Standard Value Indicator
10930/4795 >14/1 Chi Square
0/3133 >0/2 Pseudo R Square

0/9223 1>0/5 ROC




vf VB sl o 0ylods OF s« slawmo @l yblis g Ll yic a4 i

44°42'0"E 44°52'30"E 45°3'0"E 45°13'30"E

£ s A 7
> e it y =
2 - ; % 1]
3 eyl slilils =
lﬂ_? Urmia Univarsity E'—?
L L)
£ £
= =
?‘; sl Legend :r:)

1 ASald gl A RS pdl adgy 4l

Domain-Specific Process Hazard Zoning Map

| el Very Low

[ ok Low

@ s Medium
z Kil @0 v mign z
H ilometers . z
Flo 4 s 16 2 32 @ o Very High | &
n a
7 T T T T 3
= 44°42'0"E 44°52'30"E 45°3'0"E 45°13'30"E b=

Sz (g5 5 095 & glaialogs bl goiaiy, aas -V JSb
Fig.2. Landslide Susceptibility Zoning Map Using the Logistic Regression Method
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