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ABSTRACT

Introduction

Landslides are among the most significant geomorphological hazards in mountainous
regions, causing extensive damage each year to natural resources, infrastructure, and
human settlements. Identifying landslide-prone areas is a key priority in environmental
planning aimed at reducing vulnerability and improving risk management. Watersheds
with unstable geological conditions, steep slopes, and considerable precipitation are
particularly sensitive to landslide occurrences. The Lanbaran chai watershed, located in
Varzeghan County in northwestern Iran, is considered one of the high-risk areas due to
its susceptible natural and anthropogenic features. This study aims to map landslide
hazard zones within this watershed using the MACBETH (Measuring Attractiveness by
a Categorical Based Evaluation Technique) multi-criteria decision-making model. By
applying qualitative pairwise comparisons and converting them into quantitative values,
this model enables a structured and logical analysis of the factors influencing landslide
occurrences. Key criteria integrated into the model include distance from drainage
networks, lithology, soil type, slope, slope aspect, elevation classes, precipitation, land
use, and distance from roads. The model outputs were generated in a GIS environment
as a landslide hazard zoning map, through which high-risk areas were identified.

Methodology

The Lanbaran sub-watershed is located on the eastern flank of the Ahar chai River. It
covers an area of approximately 8,226 hectares within the study boundary and serves
as one of the main headwater branches of the Ahar chai River. The study area lies
between the geographical coordinates of 46°20'07" to 46°30'00” E longitude and
38°28'17" to 38°33'52" N latitude. In this study, to perform landslide hazard zonation
in the Lenbaran watershed, spatial and descriptive data related to landslide-inducing
factors were initially collected from official sources. Subsequently, through library-
based research and a review of previous studies, the relevant evaluation criteria were
identified.
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In the next stage, the MACBETH (Measuring Attractiveness by a Categorical Based Evaluation Technique)
multi-criteria decision-making model was applied to assign relative weights to the identified factors. Spatial
analyses and the integration of thematic layers were conducted in a Geographic Information System (GIS)
environment. Finally, landslide hazard zonation maps were generated and analyzed using ArcGIS software
and its related extensions.

Results and Discussion

To assess and identify high-risk areas within the Lanbaran Chai watershed, nine factors related to natural,
anthropogenic, and morphological characteristics influencing landslide occurrence were considered. These factors
include distance from drainage networks, lithology, soil type, slope, slope aspect, elevation classes, precipitation, land
use, and distance from roads. Prior to zonation and map integration, all relevant layers were standardized. Each class
within the layers was assigned one of five susceptibility levels—very high, high, moderate, low, and very low—based
on their relative sensitivity to landslides. Accordingly, all layers were reclassified before applying the weights derived
from the MACBETH model. Following the evaluation of the influence of these parameters, all nine factors were input
into the M-MACBETH software. Pairwise comparison matrices were constructed, and through the MACBETH multi-
criteria decision-making method, the final weight of each parameter was calculated. The results indicate that slope, with
a weight of 38.1%, has the greatest influence on landslide hazard assessment, whereas precipitation received the lowest
weight of 2.5%. Based on the analysis of the landslide hazard zonation map generated using the MACBETH model, the
study area is distributed as follows: approximately 3.7 km? (very high hazard), 10.20 km? (high hazard), 20.46 km?
(moderate hazard), 32.18 km? (low hazard), and 15.36 km? (very low hazard).

Conclusions

Identifying susceptible areas, particularly for geomorphological hazards such as landslides, is a fundamental component
of disaster management and environmental planning. The present study aimed to delineate landslide-prone zones within
the Lanbaran Chai watershed located in Varzeghan County. To achieve this objective, nine key factors influencing
landslide occurrence were selected, including slope, slope aspect, lithology, precipitation, elevation, distance from
roads, distance from drainage networks, and land use. The relative importance of these factors was assessed using the
MACBETH multi-criteria decision-making model. Analysis of the hazard zoning map produced by the MACBETH
model revealed that approximately 4.58%, 12.25%, 25.01%, 39.34%, and 18.78% of the study area fall into very high,
high, moderate, low, and very low hazard zones, respectively. Furthermore, the model demonstrated high predictive
accuracy, achieving area under the curve (AUC) values of 0.86 for training data and 0.88 for validation data. These
findings indicate that the MACBETH model is an effective tool for analyzing and prioritizing factors influencing
landslides. Its high accuracy in identifying high-risk zones can significantly aid in preventive policymaking and resource
allocation for disaster management. It is recommended that future studies explore the integration of this model with
other machine learning approaches to further enhance the precision of landslide hazard maps.
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Figure (3): Spatial distribution of recorded landslides within the Lanbaran Chay watershed
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Figure (5): Lithology, slope direction, elevation, soil and land use map of the Lenbaran watershed.
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