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Abstract 
Road infrastructure in mountainous regions of Colombia is frequently disrupted by landslides, making susceptibility assessment essential 
for corridor-scale management. This study evaluates landslide susceptibility along the Santa Cecilia–Asia road corridor using statistical 
methods within geographic information systems. The analysis integrates an institutional landslide inventory with conditioning factors 
related to topography, hydrology, geology, geomorphology, and land cover. Susceptibility was modeled using the Weight of Evidence and 
Frequency Ratio methods, and the resulting maps were classified into qualitative categories. The results indicate that high-susceptibility 
areas are primarily linked to steep slopes, drainage networks, and active slope processes. Both methods consistently identify critical 
segments, providing a spatial basis for prioritizing inspection, maintenance, and mitigation. This study demonstrates that susceptibility 
mapping using available data effectively supports risk-informed decision-making for road infrastructure management in mountainous 
regions. 
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Zonificación de susceptibilidad a movimientos en masa como apoyo 
a la gestión vial: caso Santa Cecilia–Asia 

 
Resumen 
La infraestructura vial en regiones montañosas de Colombia es frecuentemente afectada por deslizamientos, haciendo que la evaluación de 
susceptibilidad sea esencial para la gestión de corredores. Este estudio evalúa la susceptibilidad a deslizamientos en el corredor vial Santa 
Cecilia–Asia utilizando métodos estadísticos y sistemas de información geográfica. El análisis integra un inventario institucional de 
deslizamientos con factores condicionantes de topografía, hidrología, geología, geomorfología y cobertura del suelo. La susceptibilidad se 
modeló mediante los métodos de Peso de la Evidencia y Relación de Frecuencia, clasificando los mapas resultantes en categorías 
cualitativas. Los resultados indican que las zonas de alta susceptibilidad se vinculan principalmente a pendientes fuertes, redes de drenaje 
y procesos de ladera activos. Ambos métodos identifican consistentemente tramos críticos, brindando una base espacial para priorizar la 
inspección, mantenimiento y mitigación, demostrando ser una herramienta efectiva para la toma de decisiones informadas. 
 
Palabras clave: movimientos en masa; susceptibilidad; infraestructura vial; toma de decisiones informada; gestión del riesgo. 

 
 
 

1 Introduction 
 
Road infrastructure in mountainous regions of 

Colombia is frequently affected by slope instability 
processes such as landslides and debris flows, which 
represent one of the main causes of road closures, traffic 
disruptions, and increased maintenance costs [4]. These 
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phenomena are particularly recurrent in corridors that traverse 
steep terrain and geomorphologically active areas, highlighting 
the need for technical tools that support the identification and 
management of critical road segments exposed to slope 
instability. 

Movements in mass are triggered by a combination of 
terrain conditions, geological and geomorphological 
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characteristics, and external factors such as intense rainfall 
[5]. In the Colombian context, where road networks often 
cross complex mountainous landscapes, the assessment of 
slope instability is a key component of road risk 
management. However, detailed geotechnical 
investigations along entire corridors are rarely feasible due 
to budgetary, logistical, and time constraints. 

In this context, landslide susceptibility assessment has 
become a practical approach for identifying areas with a 
higher likelihood of slope instability based on the spatial 
relationship between past events and conditioning factors 
[9]. Susceptibility maps do not predict the timing or 
magnitude of future events, but provide a spatial indication 
of where such processes are more likely to occur, 
supporting corridor-scale analysis and prioritisation of 
maintenance activities. 

This study focuses on the Santa Cecilia–Asia road 
corridor, which has experienced recurrent slope instability 
problems affecting its operation and safety. The main 
objective of this article is to evaluate landslide 
susceptibility along this corridor using statistical methods 
supported by geographic information systems, generating 
a susceptibility zoning that can serve as a practical tool for 
road management and risk mitigation. 

 
2 Study area 

 
2.1 Location and functional importance 

 
The study area focuses on corridor 5003, a vital road 

segment connecting the sectors of Santa Cecilia and Asia. 
Stretching approximately 79 kilometers, the route 
traverses the municipalities of Santa Cecilia, Pueblo Rico, 
Apía, and Viterbo within the department of Risaralda. 
Geographically, it is situated in the Western Cordillera of 
the Andes, an area of high geological activity and inherent 
instability (Fig.1). 

The corridor holds significant socio-economic value, 
facilitating the transport of 3,597 vehicles daily (TPD). It 
serves as a primary link for agricultural zones producing 
coffee, plantain, and sugarcane, integrating rural 
communities with regional trade and transport hubs. 
Additionally, the road passes through environmentally 
sensitive areas, including the Tatamá National Natural 
Park and the DMI Agua Linda nature reserve. 

 
2.2 Topographic and geomorphological setting 

 
The corridor's topography is characterized by dramatic 

altitudinal shifts, ranging from 500 m.a.s.l. in the northern 
lowlands to 1,650 m.a.s.l. in the mountainous sector of 
Apía. This varied landscape is divided into distinct 
geomorphological zones: 

Northern Sector: Initially follows the floodplains of the 
San Juan Bravo River, surrounded by spurs and slopes 
with gradients between 16° and 35°. 

Central Sector: Features extremely rugged terrain, 
notably between PR 11 and PR 13, where slopes exceed 
45° across festooned spurs. The route further navigates 
very abrupt slopes along the Ciato and Tatamá rivers. 

 
Figure 1. Location  
Source: Own elaboration 

 
 
Southern Sector: Transitions into denuded hills and 

torrential fans as it approaches the Risaralda River floodplain. 
The underlying geology consists of highly weathered 

volcanic and sedimentary soils. The structural setting is 
influenced by several active regional features, including the 
Amurrapá, Pueblo Rico, Apía, and Mistrató faults. 

 
2.3 General climatic conditions 

 
The corridor experiences a bimodal precipitation regime, 

defined by two distinct rainy seasons. Historical data indicates 
that the wettest months are April, May, October, and November, 
with October being the most critical month for the activation of 
mass movements. 

 
2.3.1 Key climatic metrics include: 

 
Rainfall Volume: Monthly averages oscillate between 168 

mm and 870 mm depending on the sector. 
Event Intensity: Typical 24-hour maximum rainfall events 

are classified as intense, averaging 92 mm at the central Línea 
La Porvenir station. 

Sectoral Variation: Northern and southern ends (Santa 
Cecilia and Viterbo) exhibit warmer climates (18°C–30°C) and 
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high humidity, while the central highland of Apía remains 
cooler (16°C–22°C). 

 
2.4 Landslide processes affecting the corridor 

 
A total of 301 mass movements have been identified 

within the geotechnical corridor. The most prevalent and 
damaging processes are landslides, which account for 69% 
of the total inventory (44% rotational and 25% 
translational). These events are primarily driven by the 
weathering of the Complejo Santa Cecilia-La Equis and 
the Urrao Member. 

 
2.4.1 Other significant processes include: 

 
Flows: Debris flows represent 13% of events, often 

triggered by the erosive action of rivers like the San Juan 
Bravo and Tatamá on weathered igneous material. 

Falls: Rock and debris falls (11%) are concentrated in 
high-slope areas (>45°), with 27% of all fall events 
occurring specifically between PR 8 and PR 10. 

Critical Locations: The segment between PR 11 and PR 
13 is the most unstable, hosting 12 landslides of 
considerable size that frequently impact the road 
infrastructure. 

 
3 Data and information used 

 
3.1 Landslide inventory 

 
The landslide inventory used in this study was 

compiled from available technical and institutional 
sources, complemented by interpretation of geospatial 
information where possible. Similar approaches based on 
historical landslide records are widely used in 
susceptibility studies applied to infrastructure contexts 
[5,8]. 

Recorded events were georeferenced and classified 
according to their dominant process, mainly including 
landslides and debris flows. Although the inventory 
represents the most complete dataset available for the 
corridor, it is acknowledged that some events may not have 
been documented due to accessibility limitations or the 
absence of historical records, a common limitation in 
landslide susceptibility assessments [8]. 

The landslide inventory used in this study (Fig.2) is 
based on a detailed field-based and geospatially validated 
dataset compiled along the Santa Cecilia–Asia road 
corridor. A total of 138 landslide-related events were 
identified, characterised, and georeferenced along 
approximately 77–79 km of road alignment. Events were 
recorded as point features and, where spatial extent 
allowed, as polygon features representing source or 
deposition areas. 

Regarding process typology, the inventory is 
dominated by slope failures associated with gravitational 
and hydrologically driven mechanisms. The most frequent 
processes correspond to landslides (95 events), including 
rotational (71 events) and translational (24 events) 
 

 
Figure 2. Landslide inventory.  
Source: Own elaboration 

 
 

movements. In addition, flows (33 events) were identified, 
mainly corresponding to debris flows and shallow mudflows 
occurring along steep drainage channels. Less frequent 
processes include falls and rock-related instabilities (8 events), 
as well as isolated cases of reptation and toppling. 

The spatial distribution of the 138 inventoried events shows 
clear clustering along segments where the road intersects steep 
hillslopes and first- to second-order drainage channels. This 
distribution reflects the combined influence of slope geometry, 
material conditions, and surface runoff concentration on 
landslide occurrence and provides a robust empirical basis for 
susceptibility modelling. 

 
3.2 Conditioning factors 

 
The selection of conditioning factors was based on their 

relevance to landslide occurrence in mountainous environments 
and their frequent use in susceptibility studies [9]. The 
conditioning factors analysed include slope angle, distance to 
drainage networks, geological units, geomorphological units, 
and land cover, which represent key morphometric, 
hydrological, geological, and surface controls on slope 
instability. 

The susceptibility analysis for the Santa Cecilia-Asia 
corridor considers a comprehensive set of geo-environmental 
variables that influence the occurrence of mass movements 
(Fig.3). These conditioning factors are categorized into three 
main groups: 

DEM-derived variables: Factors extracted from the digital 
terrain model, including Elevation (m.a.s.l.), Slope (degrees), 
Aspect (slope orientation), Flow length (maximum distance water 
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drains to a pixel), Flow accumulation (sum of upstream pixels 
draining into a specific cell), Insolation (average hourly solar 
radiation), Standard curvature (combination of plan and profile 
curvatures), and Sen2p (sinusoidal slope, which aligns better 
with slope failure behavior). 

Proximity to lineaments: Euclidean distances calculated 
from the terrain to the nearest environmental features, 
specifically Distance to faults and Distance to drainages. 

Soil and Environmental factors: Categorical maps 
representing the physical environment, such as Geology 
(lithological units), Geomorphology (morphographic 
units), Land cover (soil use classification), and the 
Normalized Difference Vegetation Index (NDVI) 

 
3.3 Data sources and spatial resolution 

 
The reliability of the risk assessment relies on high-

quality data provided by several national technical 
institutions: 

Digital Elevation Model (DEM): Obtained from Alos 
– Palsar satellite imagery with a spatial resolution of 12.5 
x 12.5 meters, which constitutes the most detailed 
geographic information used in this study. 

Geological and Geomorphological Data: Vector layers 
(shapefiles) were sourced from the Colombian Geological 
Survey (SGC) and INGEOMINAS, with mapping scales 
primarily at 1:100,000 and, in specific cases, 1:25,000. 

Hydrometeorological Records: Daily precipitation 
series were retrieved from the IDEAM’s DHIME portal, 
utilizing records from 9 pluviometric stations with 
observation periods exceeding 20 years. 

Infrastructure and Traffic Data: Road segments, 
drainage structures, and the Average Daily Traffic (TPD) 
series were provided by the National Roads Institute 
(INVIAS). 

Mass Movement Inventory: Compiled from the 
SIMMA system (SGC), virtual tours using Google Earth, 
and primary data collected through field visits using the 
Survey 123 mobile application. 

 
3.4 Data preparation for susceptibility analysis 

 
Prior to susceptibility modelling, all conditioning 

factors were prepared to ensure their suitability for 
statistical analysis. Continuous variables were discretised 
into classes based on technical criteria and the distribution 
of landslide events, while categorical variables were 
grouped where necessary to avoid sparsity. 

The preparation process focused on transforming raw 
data into structured inputs for the statistical models: 
1. Rasterization: Input vector layers (drainages, faults, 

geology, and geomorphology) were converted into 
raster format to match the grid resolution of the DEM. 

2. Range Classification: Continuous variables were 
divided into classes. While Natural Breaks were 
initially considered, final ranges were adjusted based 
on an exhaustive literature review (e.g., SGC guides) 
and spatial correlation with identified landslides to 
improve model validation. 

 
 

 
Figure 3. Conditioning factors.  
Source: Own elaboration 

 
 

3. Inventory Consolidation: 301 mass movements were 
identified and reclassified by type (rotational, translational, 
flows, and falls) to enable tipology-specific susceptibility 
modeling, which yields higher accuracy than general 
models. 

4. Hydrological Homogenization: Rainfall series were 
homogenized for the 1992–2023 period. Missing daily 
records were estimated using the Normalized Ratio 
Method, ensuring a robust dataset for defining critical 
precipitation thresholds. 

5. Bivariate Statistical Processing: The Frequency Ratio (FR) 
and Weight of Evidence (WofE) methods were applied by 
evaluating the spatial distribution of mass movements 
against terrain classes, assigning predictive weights based 
on the presence or absence of conditioning factors 
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4 Methodology 
 
The assessment of landslide susceptibility along the 

Santa Cecilia–Asia road corridor was carried out using a 
statistical approach supported by geographic information 
systems (GIS), integrating historical landslide information 
and terrain conditioning factors. The adopted methodology 
aims to provide a practical susceptibility zoning that can 
support road management and maintenance activities, 
based on institutional data commonly available in 
Colombia. 

The methodological procedure was structured into four 
main stages: (i) preparation of the landslide inventory, (ii) 
selection and processing of conditioning factors, (iii) 
application of statistical susceptibility methods, and (iv) 
final classification of corridor susceptibility. 

The methodological framework aims to generate 
precise inputs for a quantitative risk analysis through mass 
movement susceptibility zoning. The study integrates 
field-acquired primary data with secondary geological and 
hydrometeorological information to model slope 
instability. 

 
4.1 Preparation of the landslide inventory 

 
The landslide inventory was compiled from secondary 

information obtained from technical and institutional 
records, complemented by verification through geospatial 
interpretation. The inventory includes landslide events that 
have affected, or may potentially affect, the road 
infrastructure along the Santa Cecilia–Asia corridor. 

A multi-source approach was employed to consolidate 
a comprehensive inventory of mass movements within the 
"geotechnical corridor". The inventory was developed 
through: 

Secondary data retrieval: Historical records from the 
SIMMA (Sistema de Información de Movimientos en 
Masa) administered by the Colombian Geological Survey. 

Remote sensing: Virtual tours using Google Earth and 
satellite platforms to identify pre-existing events and 
affected areas. 

Field validation: In-situ verification and capture of new 
events using the Survey 123 mobile application, recording 
morphometry, activity status, and classification. 

This process identified 301 mass movements, reclassified 
by type: rotational landslides (44%), translational landslides 
(25%), debris flows (13%), falls (11%), and others. Each event 
was divided into initiation zones (scarp), deposition zones 
(body), and areas prone to future impact. 

 
4.2 Conditioning factors and data processing 

 
Conditioning factors were selected based on their 

relevance to landslide occurrence in mountainous 
environments and their availability from official data 
sources. All spatial datasets were standardised to a 
common coordinate reference system and spatial 
resolution to ensure spatial consistency. 

The analysis evaluated 13 conditioning factors 
categorized into topographic, proximity-based, and 

environmental variables. Topographic factors, such as slope, 
aspect, flow length, insolation, and curvature, were derived 
from an Alos-Palsar DEM with a 12.5-meter resolution. 
Proximity variables included Euclidean distances to geological 
faults and drainage networks. 

 
4.2.1 Data processing involved: 

 
1. Variable Reclassification: Continuous data was divided 

into ranges. While Natural Breaks were used for variables 
like elevation, others were categorized based on specialized 
literature (e.g., SGC guides) and spatial correlation with 
known landslide pixels to ensure higher model accuracy. 

2. Rasterization: Environmental vector layers (geology, 
geomorphology, and land cover) were converted to a 
consistent grid format for statistical processing. 

 
4.3 Landslide susceptibility assessment methods 

 
Landslide susceptibility was evaluated using two bivariate 

statistical methods: Weight of Evidence (WoE) and Frequency 
Ratio (FR), which are among the most commonly applied 
approaches in GIS-based susceptibility assessment [1, 6]. 

The Weight of Evidence method is based on Bayesian 
probability theory and calculates weights associated with each 
class of the conditioning factors, representing their relative 
contribution to landslide occurrence [1]. 

The Frequency Ratio method evaluates the relationship 
between the proportion of landslides occurring within a given 
class of a conditioning factor and the proportion of area 
occupied by that class across the study area. Frequency ratio 
values greater than one indicate a positive association with 
landslide occurrence [6]. 

Two advanced bivariate statistical methods were applied to 
model landslide susceptibility: 

Weight of Evidence (WoE): This Bayesian approach 
calculates positive (W+) and negative (W−) weights for each 
conditioning factor class. It evaluates the influence of specific 
geological or geomorphological units on the probability of 
event occurrence. A Contrast weight (C) is then derived to 
determine the spatial association between variables and 
landslides. 

Frequency Ratio (FR): This method establishes the 
correlation between the spatial distribution of mass movements 
and the area ratio of each conditioning class. A value greater 
than 1 indicates a high influence on susceptibility. 

The Landslide Susceptibility Index (LSI) was generated by 
summing the final weights calculated for each pixel across all 
factors. 

 
4.4 Susceptibility classification 

 
The susceptibility maps, obtained from the WoE (Fig.4) and FR 

(Fig.5) methods were classified into susceptibility categories to 
facilitate interpretation and practical use in road management. 

The final susceptibility map was categorized into levels 
(High, Medium, and Low). The classification was performed 
using the Area Under the Curve (AUC) validation: 

The WoE model achieved a reliability of 94.47%, while the 
FR model reached 87.00%. 
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Final categories were defined based on the Landslide 
Susceptibility Index (LSI) values corresponding to 75% 
and 98% of accumulated landslide pixels. 

For flows and falls, specialized methodologies were 
used, incorporating propagation analysis through Flow-R 
software and Geological Strength Index (GSI) assessments 
for rocky massifs. 

The methodology concluded that models 
distinguishing by movement type (fall, flow, landslide) 
provide a superior predictive capacity compared to general 
models, categorizing a higher percentage of existing 
events into high-susceptibility zones. 

 
5 Results 

 
5.1 Landslide susceptibility maps 

 
The application of the Weight of Evidence and 

Frequency Ratio methods resulted in landslide 
susceptibility maps for the Santa Cecilia–Asia road 
corridor. High and very high susceptibility classes are 
mainly concentrated in sections characterised by steep 
slopes and proximity to drainage networks. 

The study generated independent susceptibility maps 
for different types of mass movements to account for their 
distinct triggering mechanisms. For general landslides, the 
Landslide Susceptibility Index (LSI) was calculated using  

 
 

 
Figure 4. Susceptibility map. Weigth of Evidende WofE method.  
Source: Own elaboration 

 
 

 
Figure 5. Susceptibility map. Frequency ratio FR method.  
Source: Own elaboration 
 

the spatial association between 13 conditioning factors and the 
event inventory. The final zoning integrated two bivariate 
statistical methodologies, resulting in a combined model that 
identifies areas of high, medium, and low susceptibility. 

A final comprehensive susceptibility map was created by 
merging these individual tipology assessments using a 
reclassification matrix, providing a more robust tool for road 
management. 

 
5.2 Spatial distribution of susceptibility classes 

 
The distribution of susceptibility classes along the corridor 

indicates that a significant proportion of the road alignment 
intersects areas classified as moderate to very high 
susceptibility, highlighting priority areas for inspection and 
maintenance. 

The spatial analysis reveals that high-susceptibility zones 
are not uniformly distributed but are concentrated in specific 
geological and topographic contexts. The model using 
distinction by movement type (landslides, falls, and flows) 
categorized a higher percentage of existing events into the high-
susceptibility class compared to a unified model, highlighting 
its superior predictive capacity. 

 
5.2.1 The distribution shows: 

 
Northern Segment: High susceptibility levels are prevalent 

between PR 2 and PR 13 due to the influence of the Complejo 
Santa Cecilia-La Equis and the Urrao Member, characterized by 
highly weathered volcanic rocks and steep slopes along the 
Tatamá and San Juan Bravo rivers. 

Central Segment: Susceptibility is predominantly medium 
between PR 48 and PR 58, although the frequency of rotational 
landslides remains significant within the same igneous complex. 

Southern Segment: A shift to low susceptibility is observed 
after the Mistrató Fault (PR 72) as the corridor enters the La 
Paila Formation and quaternary deposits with gentler slopes 
near the Risaralda River. 

 
5.3 Comparison between susceptibility assessment 

methods 
 
A qualitative comparison shows that both methods identify 

similar critical sections, although differences in spatial 
continuity of high-susceptibility areas are observed. 

The performance of the bivariate statistical models was 
validated using the Area Under the Curve (AUC) metric. Both 
methods demonstrated high reliability, but the Weight of 
Evidence (WofE) method outperformed the Frequency Ratio 
(FR) for landslide susceptibility. 

Reliability: WofE achieved an AUC of 94.47%, while FR 
reached 87.00%. 

Variable Influence: In the final combined model, WofE 
contributed 57.32% of the Relative Weight (PR), showing 
higher predictive power for factors like geology, 
geomorphology, flow length, sen2p, and drainage proximity. 

Methodological Strength: While FR was more effective in 
assessing the slope variable (contributing 42.68% of the total 
PR), the WofE approach provided a more balanced correlation 
across categorical environmental variables. 
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5.4 Identification of critical road segments 
 
Based on the susceptibility maps, several road 

segments were identified as particularly susceptible to 
landslides, providing a basis for prioritising interventions. 

The integration of susceptibility maps and the mass 
movement inventory (301 total events) allowed for the 
identification of the most vulnerable segments of the 79-
km corridor. 

Landslide and Flow Critical Zone (PR 11 – PR 13): 
This is the most critical segment, containing 12 landslides 
of considerable area and a high frequency of debris flows. 
The Urrao Member's siltstones and claystones in this area 
are highly susceptible to erosion and reactivation. 

Fall Critical Zones: The segment between PR 8 and PR 
10 concentrates 27% of all identified rock and debris fall 
events, followed by PR 17 to PR 19. These areas are 
defined by slopes >45° and low GSI values (14-25), typical 
of fractured rocky massifs. 

Additional Critical Points: Specific high-risk locations 
for slope failure were identified at PR 21, PR 22, PR 24-
26, PR 29, PR 41, and PR 59, the latter marking the 
entrance to the pyroclastic-rich Barrosa Formation. 

 
6 Discussion 

 
The landslide susceptibility assessment conducted for 

the Santa Cecilia–Asia road corridor confirms the 
usefulness of statistical, GIS-based approaches as practical 
tools for supporting road management in mountainous 
environments. The spatial patterns obtained are consistent 
with the geomorphological characteristics of the corridor 
and with historical landslide occurrence [5, 4]. 

Differences observed between susceptibility maps 
derived from the WoE and FR methods highlight the 
influence of methodological choices on susceptibility 
representation, a behaviour documented in the literature 
[8]. The combined interpretation of multiple methods 
increases confidence in the identification of critical road 
segments. 

The results reinforce that susceptibility mapping 
should be interpreted as a first-order screening tool rather 
than a substitute for detailed hazard analyses [9]. 

The qualitative risk assessment for the Santa Cecilia-
Asia corridor highlights the critical interplay between 
bivariate statistical modeling and geomorphological 
ground-truthing. The comparative analysis between the 
Weight of Evidence (WofE) and Frequency Ratio (FR) 
methods reveals that, while both provide high reliability, 
the WofE approach (AUC 94.47%) exhibits a superior 
capacity to weight the non-linear influence of categorical 
variables such as lithology and geomorphological units. 
This robustness is particularly evident in its assignment of 
higher relative influence to factors like insolación 
(12.35%) and geomorphology (9.17%), which act as 
proxies for material weathering and terrain evolution. 

A significant finding in this research is the superiority 
of typology-specific models over general landslide 
models. By segregating landslides, falls, and flows, the 
high-susceptibility zones were more accurately aligned 

with the spatial distribution of existing pixels, reducing the 
noise typically associated with unified modeling. This 
distinction is crucial for the Urrao Member, where the high 
disgregability of siltstones and claystones dictates a specific 
risk profile for both translational slides and rock falls under 
steep slope conditions (>45°). 

 
7 Conclusions 

 
This study presented a landslide susceptibility assessment 

for the Santa Cecilia–Asia road corridor using statistical 
methods supported by geographic information systems. The 
results confirm that susceptibility mapping constitutes a useful 
screening tool for corridor-scale analysis, supporting the 
prioritisation of inspection, maintenance, and intervention 
activities. 

Although subject to limitations related to data quality and 
resolution, the methodology can be readily replicated in other 
road corridors in Colombia, contributing to improved risk-
informed road infrastructure management. 

The use of bivariate statistical methods proved highly 
effective, with the Weight of Evidence (WoE) model showing 
an exceptional reliability of 94.47%. The study confirms that 
modeling based on specific movement typologies significantly 
increases the precision of high-risk categorization compared to 
unified models. 

Landslides (rotational and translational) are the dominant 
threat, representing 69% of the 301 identified events. These are 
primarily driven by the weathering of the Complejo Santa 
Cecilia-La Equis and the Urrao Member. The most critical 
segment was identified between PR 11 and PR 13, characterized 
by high landslide density and significant debris accumulation. 
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