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Purpose of the study: This study aims to evaluate landslide susceptibility along
Nanggulan—Kalibawang road corridor, Kulon Progo, by identifying spatial
distribution of vulnerability classes and dominant factors influencing slope
instability, providing context-specific information for disaster risk reduction and
infrastructure planning.

Methodology: GIS-based spatial multi-criteria analysis (SMCA) was applied
using ArcGIS 10.8 software. Primary data included slope measurement, soil
depth, and laboratory analysis of soil samples. Secondary data consisted of
thematic layers of geology, soil type, landform, land use, and vegetation.
Weighted overlay and scoring techniques were used to generate landslide
susceptibility index.

Main Findings: Results indicate moderate to high vulnerability dominates hilly
zones along the corridor. Very high susceptibility zones are located on steep
slopes with sparse vegetation and intensive land use. Slope gradient and land use
are the most dominant factors. Five susceptibility classes, ranging from very low
to very high, were delineated providing fine-resolution spatial information for
prioritizing mitigation measures.

Novelty/Originality of this study: This study introduces corridor-specific
landslide susceptibility mapping using integrated overlay and scoring techniques
within GIS. Unlike regional assessments, seven terrain parameters are combined
into a unified spatial model producing fine-resolution susceptibility zones.
Findings provide practical guidance for disaster risk management along strategic
road corridors and advance knowledge by offering a replicable framework for
localized hazard assessment.
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1. INTRODUCTION

Indonesia is characterized by complex geological conditions due to its position along active tectonic
boundaries and subduction zones. These conditions produce diverse landforms dominated by hilly and
mountainous terrain that are inherently susceptible to slope instability [1], [2]. Landslides represent one of the
most frequent geomorphological hazards in such environments, particularly during periods of intense rainfall.
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The interaction between slope gradient, lithology, soil properties, and land cover significantly influences slope
failure processes [3]. Therefore, spatial assessment of landslide susceptibility becomes essential to understand
terrain stability and potential hazard distribution.

In Kulon Progo Regency, landslides frequently occur in areas with steep topography and intensive land
utilization. The Nanggulan—Kalibawang road corridor traverses denudational hills with varying slope gradients
and complex geological characteristics. Increasing land-use conversion, vegetation reduction, and infrastructure
development along the corridor potentially exacerbate slope instability [4], [5]. Moreover, the road serves as an
important transportation link with relatively high traffic intensity, increasing the risk of disruption and material
losses when landslides occur. Despite these conditions, comprehensive spatial information regarding landslide
susceptibility levels along this corridor remains limited.

Previous studies on landslide susceptibility mapping in Indonesia have applied various approaches,
including statistical models, heuristic weighting, and GIS-based multi-criteria analysis. Many of these studies
emphasize regional-scale assessment without focusing specifically on transportation corridors [6]. Overlay
techniques combined with scoring methods have been widely recognized as practical tools for evaluating terrain-
based susceptibility factors. However, their application often varies in parameter selection, weighting schemes,
and spatial resolution [7], [8]. Consequently, localized investigations that integrate detailed terrain parameters
remain necessary to improve spatial accuracy and contextual relevance.

Although several assessments have been conducted in landslide-prone districts of Kulon Progo, detailed
susceptibility mapping along the Nanggulan—Kalibawang road corridor has not been comprehensively
documented. Existing hazard information generally provides broad classifications without explicitly integrating
terrain unit analysis derived from systematic overlay procedures [9], [10]. In addition, variations in slope
characteristics, soil depth, permeability, and vegetation density along this corridor require more refined spatial
evaluation [11]. The absence of corridor-based susceptibility zonation may limit mitigation planning and
infrastructure management. This condition highlights the need for a structured G1S-based assessment tailored to
the specific geomorphological setting of the study area.

Understanding the spatial distribution of landslide susceptibility is crucial for disaster risk reduction and
sustainable land-use planning. Corridor-based mapping provides strategic information for transportation safety
management and settlement regulation [12], [13]. By identifying zones of varying susceptibility levels, local
authorities can prioritize monitoring, slope stabilization, and vegetation management efforts. Furthermore,
spatially explicit information supports evidence-based decision-making in infrastructure development. Hence,
producing a detailed susceptibility map along this corridor carries both scientific and practical significance [14].

This study applies a GIS-based overlay and scoring approach to generate landslide susceptibility
zonation along the Nanggulan—Kalibawang road corridor. Multiple terrain parameters, including slope gradient,
soil texture, solum depth, permeability, degree of rock weathering, land use, and vegetation density, are
systematically integrated within a spatial framework. The combination of terrain unit delineation and weighted
scoring enables a structured evaluation of susceptibility levels across heterogeneous landscapes [15]. Unlike
broader regional assessments, this research emphasizes corridor-scale analysis with detailed terrain
characterization. The resulting spatial model contributes to methodological refinement and provides context-
specific information for landslide risk management in Kulon Progo.

2. RESEARCH METHOD

2.1. Research Framework

This study applied a GIS-based spatial multi-criteria analysis (SMCA) framework to evaluate landslide
susceptibility along the Nanggulan—Kalibawang Road corridor, Kulon Progo. The methodological approach
integrates geomorphological assessment, field investigation, laboratory analysis, and spatial modeling within a
unified geospatial environment [16], [17]. Landslide susceptibility was conceptualized as the cumulative effect
of terrain, soil, geological, and land-use conditioning factors. The analytical workflow consisted of land unit
delineation, parameter standardization, weighted scoring, and spatial overlay. This framework ensures
reproducibility and spatial consistency in susceptibility mapping.

2.2. Study Area and Spatial Data Preparation

The study area covers a 23-km corridor traversing five villages in Kulon Progo Regency, Special
Region of Yogyakarta, Indonesia, characterized by denudational hills and heterogeneous land use patterns. The
geomorphological setting is dominated by moderate to steep slopes, weathered volcanic materials, and varying
vegetation density. Primary data were obtained through field surveys, including slope measurement, soil depth
assessment, and soil sampling for laboratory testing. Secondary spatial data included thematic layers of slope,
geology, soil type, landform, and land use acquired from official geospatial sources. All spatial datasets were
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standardized into a uniform coordinate system and raster resolution prior to analysis to ensure spatial
compatibility.

2.3. Landslide Conditioning Parameters

Landslide susceptibility was assessed using seven conditioning parameters: slope gradient, soil texture,
soil solum depth, soil permeability, degree of rock weathering, land use, and vegetation density. These
parameters were selected based on geomorphological theory and empirical evidence indicating their influence on
slope instability. Slope represents gravitational driving force, while soil and lithological characteristics reflect
material resistance and hydrological behavior. Land use and vegetation density were incorporated to capture
anthropogenic and surface protection effects. Each parameter was reclassified into five ordinal classes to
facilitate standardized scoring and integration.

2.4. Multi-Criteria Overlay and Scoring Analysis

Spatial analysis was performed using a weighted linear combination (WLC) approach within a GIS
environment. Each parameter class was assigned a score ranging from 1 (least susceptible) to 5 (most
susceptible) based on its relative contribution to landslide occurrence. Land units were generated through
overlaying slope, soil, geology, and landform maps to serve as analytical units. The total landslide susceptibility
index (LSI) for each unit was calculated by summing all parameter scores. The resulting LSI values were
classified into five susceptibility categories using equal interval classification to maintain analytical
transparency.

2.5. Susceptibility Classification and Map Generation

The theoretical LSI ranged from 7 to 35, representing the cumulative minimum and maximum
parameter scores. Classification intervals were derived by dividing the score range into five equal classes to
distinguish susceptibility levels. The final classes consisted of very low, low, moderate, high, and very high
susceptibility. The classified raster was subsequently converted into a thematic susceptibility map representing
spatial hazard variation along the corridor. This output provides a spatially explicit decision-support tool for
infrastructure planning and disaster risk mitigation.

Table 1. Landslide Conditioning Parameters and Scoring Scheme

No Parameter Role in Slope Stability Score (1-5)
1  Slope Gradient Controls gravitational driving force 1-5
2 Soil Texture Influences shear strength and cohesion 1-5
3 Soil Solum Depth Reflects thickness of weathered material 1-5
4 Soil Permeability Controls water infiltration and pore pressure 1-5
5 Rock Weathering Degree  Indicates material decomposition level 1-5
6 Land Use Represents anthropogenic modification 1-5
7 Vegetation Density Affects root reinforcement and runoff control 1-5

e Total score range: 7-35
e  Susceptibility classes: 5

3. RESULTS AND DISCUSSION

3.1. Characteristics of Landslide Conditioning Factors

Spatial analysis shows that the study area exhibits significant variations in geomorphological
conditions, particularly in slope gradient and land use. Most areas are dominated by steep to steep slopes, which
have the potential to increase soil shear forces. Varied soil textures and relatively deep solum thickness in some
land units also influence slope stability. High levels of rock weathering in hilly areas increase the potential for
land mass movement. In general, this combination of physical factors indicates the region's sensitivity to slope
instability disturbances.
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SLOPE GRADIENT MAP ALONG
NANGGULAN-KALIBAWANG ROAD

Figure 1. Slopé Classification Map of the Study Area

3.2. Scoring and Weighted Overlay Analysis

Vulnerability levels were determined using a weighted overlay approach with a scoring system for each
parameter. Each factor was scored based on its contribution to landslide potential, then summed to obtain a
vulnerability index value. The total score ranged from 7 to 35, which was then classified into five vulnerability
classes. This approach allowed for the quantitative integration of physical parameters into a single integrated
spatial model. The analysis yielded distinct vulnerability index distributions for each terrain unit.

Table 1. Landslide Susceptibility Classification
Total Score  Susceptibility Level Class

7-11 Very Low |
12-16 Low ]
17-21 Moderate Il
22-26 High v
27-35 Very High \Y

3.3. Landslide Susceptibility Mapping

The overlay map shows that moderate to high vulnerability classes dominate the hilly zones along the
road corridor. Areas with very high vulnerability are generally located on steep slopes with sparse vegetation and
land use consisting of dry fields or residential areas. Meanwhile, low vulnerability classes are found in areas with
gentle slopes and relatively dense vegetation cover. The spatial distribution pattern indicates a concentration of
risk in certain segments that have the potential to disrupt transportation access. This finding confirms the
dominant role of topography and land use factors in determining vulnerability levels.

The spatial distribution of landslide susceptibility is presented in Figure 4, illustrating five susceptibility
classes ranging from low to very high categories. The map indicates that high and very high susceptibility zones
are predominantly located on steep slopes and areas characterized by intensive land use modification.
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Figure 2. GIS-Based Landslide Susceptibility Map Along the Nanggulan—Kalibawang Road, Kulon Progo

3.4. Dominant Contributing Factors

Frequency score analysis indicates that slope gradient and land use are the most dominant factors in
determining vulnerability class. Slopes with a gradient greater than 25% consistently fall into the high to very
high vulnerability class. Land use, such as dry fields and settlements on steep slopes, increases the potential for
soil instability. Advanced rock weathering and thick soil layers also increase the likelihood of landslides. This
combination of factors suggests that the interaction between natural conditions and human activities is the
primary driver of increased vulnerability.

3.5. Spatial Implications for Road Corridor Risk

The high vulnerability distribution across several road corridor segments indicates potential disruptions
to regional connectivity. The Nanggulan-Kalibawang route, which serves as an alternative access point between
regions, has a significant level of exposure to landslide risk. Highly vulnerable zones should be prioritized in
mitigation and slope strengthening planning. Spatial information generated through GIS provides a scientific
basis for infrastructure planning that is more adaptive to disaster risks. Therefore, the results of this study are not
only academic but also applicable in supporting spatially-based disaster risk reduction.

The spatial analysis of the study area reveals significant variation in geomorphological and land-use
conditions along the Nanggulan—Kalibawang road corridor. Steep slopes dominate most segments, increasing the
gravitational driving forces for potential landslides. Soil texture, solum depth, and degree of rock weathering
also contribute to slope instability in several hilly zones. Areas with sparse vegetation and intensive land
utilization are particularly susceptible. Figure 1 (Slope Classification Map) effectively illustrates these physical
characteristics across the study corridor.

The weighted overlay and scoring approach generated a detailed landslide susceptibility map that
integrates seven conditioning parameters. The results indicate that moderate to high vulnerability classes are
widespread, while very high vulnerability zones are concentrated on steep slopes with anthropogenic land use.
The calculated Landslide Susceptibility Index (LSI) ranges from 7 to 35, corresponding to five distinct
susceptibility classes. Table 1 summarizes the scoring system and classification intervals, supporting quantitative
assessment. Figure 4 (GIS-Based Landslide Susceptibility Map) clearly visualizes spatial risk distribution along
the corridor.

Although previous studies have mapped landslide susceptibility in Kulon Progo, most focus on
regional-scale assessment without detailed corridor-based analysis. Existing hazard maps provide broad
classifications but often omit terrain unit delineation and parameter integration [18], [19]. This study confirms
earlier findings that slope gradient and land use are dominant factors while providing more localized spatial
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insight [20], [21]. The detailed corridor-level assessment helps bridge the knowledge gap for transportation
planning. Consequently, the findings complement and refine prior regional studies.

This research offers novelty by combining corridor-specific mapping with a systematic overlay and
scoring technique within GIS. Unlike regional assessments, the study integrates seven terrain parameters into a
unified spatial model, producing fine-resolution susceptibility zones [22], [23]. The approach highlights the
interaction of natural and anthropogenic factors along a strategic road corridor. It aligns with the background
discussion emphasizing the need for location-specific hazard assessment [23], [24]. Therefore, the study
introduces methodological and practical advancements for landslide susceptibility mapping.

The resulting susceptibility map has direct implications for disaster risk reduction and infrastructure
management. High and very high vulnerability segments can be prioritized for slope stabilization, vegetation
management, and monitoring activities [25] [26]. The spatially explicit information supports evidence-based
decision-making for road maintenance and regional connectivity. Authorities can allocate resources more
efficiently and implement targeted mitigation strategies. Overall, the study contributes to both scientific
knowledge and practical disaster management along the corridor.

Despite its detailed analysis, this study has several limitations that should be considered. The
assessment relies on available spatial data, which may not capture temporal variations such as rainfall intensity
or seasonal vegetation changes [27], [28]. Ground-truthing was limited by accessibility constraints along some
steep segments. Anthropogenic factors beyond land use, such as road drainage or excavation, were not fully
incorporated [29], [30]. Future research could integrate dynamic environmental variables and more frequent field
validation to enhance predictive accuracy.

CONCLUSION

GlS-based landslide susceptibility assessment along Nanggulan—Kalibawang road corridor
demonstrates that slope gradient and land use are the dominant factors controlling terrain instability. Overlay and
scoring techniques integrating seven terrain parameters effectively delineate five susceptibility classes, from very
low to very high, providing fine-resolution spatial information. Findings confirm that steep slopes with sparse
vegetation and intensive land utilization are most vulnerable, aligning with the initial objective of identifying
corridor-specific hazard zones. Results support practical applications, including prioritization of slope
stabilization, vegetation management, and monitoring to reduce disaster risk. Future studies can expand this
framework by incorporating temporal environmental variables, dynamic land-use changes, and more frequent
field validation, enhancing predictive accuracy and applicability for infrastructure planning.
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