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Abstract: Ha Quang District, situated within the Non Nuoc Cao Bang Geopark, is an area 

of significant geological, ecological, and cultural value and has been recognized by 

UNESCO as a member of the Global Geoparks Network. However, the region is also prone 

to various geological hazards, with landslides representing a primary concern. This study 

aims to apply the Dempster-Shafer (DS) theory and Certainty Factor (CF) to analyze 

landslide susceptibility in the study area using a Geographic Information System (GIS). A 

total of 196 landslides were documented using historical records, Google Earth imagery, 

and field surveys to create a comprehensive inventory map. Seven conditioning factors, 

including slope, Topographic Roughness Index (TRI), Topographic Wetness Index (TWI), 

Stream Power Index (SPI), Mass Balance Index (MBI), Normalized Difference Vegetation 

Index (NDVI), and rainfall, were integrated as thematic layers for analysis. The belief map, 

representing the most reliable integrated landslide susceptibility model, was assessed using 

receiver operating characteristic (ROC) analysis and area under the curve (AUC). The 

evaluation revealed that the model achieved an overall accuracy of 74.5%. To compare 

performance, the Certainty Factor (CF) model was also applied, obtaining a success rate of 

67%. The results indicated that the Dempster-Shafer (DS) theory demonstrated superior 

predictive capability over the CF model. It addresses a critical gap in landslide susceptibility 

research by improving predictive accuracy compared to traditional GIS, particularly in 

handling uncertainty through the Dempster-Shafer theory. These findings are crucial for 

developing effective landslide risk mitigation strategies and optimizing land-use planning 

to enhance infrastructure protection and sustainable development. 
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____________________________________________________________________ 

1. Introduction  

Landslides represent a significant natural hazard, frequently leading to substantial property 

damage and economic losses. These impacts primarily stem from the high costs associated with 

rebuilding essential infrastructure, including roads, residential structures, and public facilities 

[1]. Landslides result from a combination of natural processes and anthropogenic activities. 

Therefore, assessing landslide susceptibility is essential for effectively forecasting these events. 

Areas predicted to have a high risk of landslides are more likely to experience future 

occurrences. The key controlling factors include rainfall conditions, slope, and the 

characteristics of the underlying bedrock and soil [2]. In recent years, natural disasters and 
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environmental hazards driven by climate change have grown increasingly complex. Seasonal 

rainfall patterns have become unpredictable, significantly elevating the risk of landslides, flash 

floods, and debris flows [3]. As a result, disaster prevention and mitigation efforts remain 

inadequate, causing significant losses for both residents and the government. Over the past 

decades, landslide susceptibility mapping has been studied using various methods, such as 

Geographic Information Systems (GIS), probabilistic models, logistic regression models, and 

other analytical approaches. Some data networks utilize semantic segmentation techniques, 

including Convolutional Neural Networks (CNNs), Recurrent Neural Networks (RNNs), and 

the integration of high-level object-specific information through data partitioning processes [4ï

10]. The study [4] utilized three data mining techniques to develop a landslide susceptibility 

map for Hanyuan County, China. These methods included an adaptive neuro-fuzzy inference 

system integrated with the frequency ratio (ANFIS-FR), a generalized additive model (GAM), 

and a support vector machine (SVM). The analysis was conducted using twelve conditioning 

factors: slope aspect, altitude, slope angle, topographic wetness index (TWI), plan curvature, 

profile curvature, proximity to rivers, proximity to faults, proximity to roads, land use, 

normalized difference vegetation index (NDVI), and lithology. The results revealed that all 

three models exhibited strong predictive performance, with the SVM model achieving the 

highest accuracy, followed by ANFIS-FR and GAM. 

The study [5] utilized the Random Forest (RF) model to evaluate multi-hazard risks, 

encompassing floods, wildfires, and earthquakes, while also integrating an assessment of social 

vulnerability within the study area. The study [6] implemented an artificial neural network 

(ANN) enhanced through particle swarm optimization (PSO) to develop a landslide 

susceptibility map (LSM). The input dataset comprised a range of geomorphological and 

environmental variables, including elevation, slope aspect, slope gradient, curvature, soil type, 

lithology, proximity to roads, rivers, and faults, land use, stream power index (SPI), and 

topographic wetness index (TWI). The findings indicated that both models demonstrated strong 

predictive capabilities; however, according to the applied ranking system, the PSO-ANN 

model achieved superior accuracy compared to the standalone ANN model. A comprehensive 

study was undertaken to bridge critical gaps in the understanding and prediction of landslide 

susceptibility in the Naqadeh Region [7]. This research identified several key factors 

contributing to landslide occurrence, including elevation, aspect, slope gradient, lithology, 

drainage density, proximity to rivers, weathering, land cover, precipitation, vegetation, 

proximity to faults, roads, and urban areas. The results demonstrated that the multilayer 

perceptron (MLP) model achieved the highest overall accuracy in producing landslide 

susceptibility maps. The study [8] investigated the impact of both dynamic and static factors 

on landslide prediction by employing the XGBoost machine learning (ML) algorithm to 

develop landslide susceptibility maps. The findings revealed an expansion in the areas 

classified as high and very high susceptibility, with the most significant increase observed in 

scenarios incorporating both dynamic factors. 

The study [9] explored two distinct approaches for selecting landslide-free random points 

the slope threshold method and the buffer-based technique while conducting a comparative 

analysis of five machine learning models for landslide susceptibility mapping: Support Vector 

Machine (SVM), Logistic Regression (LR), Linear Discriminant Analysis (LDA), Random 

Forest (RF), and Extreme Gradient Boosting (XGBoost). The study incorporated fourteen 

geospatial data layers, including topographic variables, soil characteristics, geological data, and 

land cover features. The results highlight the effectiveness of machine learning models in 

evaluating and predicting landslide susceptibility. In a separate study, the researchers utilized 

both Random Forest (RF) and Support Vector Machine (SVM) to construct landslide 

susceptibility mapping models, employing a random search optimization technique [10]. The 

interpretability analysis revealed that the normalized difference vegetation index (NDVI) and 

proximity to roads were the most influential factors contributing to landslide occurrence. 
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In recent years, the semi-quantitative approach employing the Dempster-Shafer (DS) 

belief function model has been utilized to represent evidence uncertainty through belief 

functions, supporting the assessment and zonation of landslide susceptibility [11]. Research 

findings indicate that the DS model demonstrates high accuracy in predicting areas with a 

high risk of landslides [12ï17]. In the study [12], the methodology comprised two main stages: 

the fusion of multi-source InSAR data using Dempster-Shafer evidence theory and the 

implementation of a two-step decision rule. Preliminary findings for the Luoshui-Baini section, 

derived from both ascending and descending orbit data, identified a total of 68 landslides. The 

study [13] presents a data integration framework for landslide susceptibility mapping, 

leveraging the Dempster-Shafer theory of evidence to synthesize multiple geospatial datasets. 

The case study findings indicate that the proposed approach effectively integrates diverse data 

sources while outperforming the traditional logistic regression model in predictive accuracy. 

The study [14] conducted a landslide susceptibility assessment in the Haraz watershed, 

Iran, by employing two distinct methodologies: The Dempster-Shafer model and the Weights-

of-Evidence model within a GIS framework. The analysis incorporated 11 landslide 

conditioning factors, including slope gradient, aspect, elevation, proximity to drainage 

networks, roads, and rivers, lithology, land use, topographic wetness index, stream power 

index, and slope length. The resulting susceptibility maps offer valuable insights for land use 

planning and serve as a basis for prioritizing strategies to mitigate and reduce future landslide 

risks in the case study. The study [15] conducted a comparative evaluation of three GIS-based 

models Dempster-Shafer (DS), logistic regression (LR), and artificial neural network (ANN) 

to assess landslide susceptibility in the Shangzhou District of Shangluo City, China. The study 

utilized 14 landslide conditioning factors, including altitude, slope gradient, slope aspect, 

topographic wetness index, sediment transport index, stream power index, plan curvature, 

profile curvature, lithology, rainfall, proximity to rivers, roads, and faults, as well as the 

normalized difference vegetation index (NDVI), to identify areas most susceptible to 

landslides. 

In a separate study, researchers applied the object-based geons aggregation model to map 

landslide susceptibility across Austria and evaluate the potential improvement achieved by 

incorporating the Dempster-Shafer theory (DST) [16]. The analysis considered nine 

conditioning factors, including elevation, slope, aspect, land cover, rainfall, proximity to 

drainage networks, faults, and roads, as well as lithology. Ishola et al. utilized the Dempster-

Shafer Theory of Evidential Belief Function (DST-EBF) model to develop a groundwater 

prospectivity zonation (GWPZ) map for the study areas. The analysis incorporated remote 

sensing, geological, field geophysical, and hydrological datasets, integrating groundwater 

conditioning factors (GWCFs) within a Geographic Information System (GIS) framework 

[17]. Machine learning models often achieve high accuracy but require large training datasets 

and lack interpretability, making them less suitable for regions with limited data availability. 

In contrast, the Dempster-Shafer (DS) theory is particularly advantageous for handling 

uncertainty and integrating multiple data sources, making it a more effective approach for 

landslide susceptibility assessment in data-scarce environments. Ha Quang District, with its 

steep terrain and fragile geological structures, has experienced frequent landslides, with 196 

events recorded via remote sensing. These risks are further amplified by human activities 

such as deforestation and infrastructure development, while increasing rainfall variability due 

to climate change acts as a major triggering factor. 

Considering these challenges, the DS approach and CF model with topographic indices 

prove to be an effective solution for generating accurate susceptibility maps in regions with 

limited data and dynamic environmental conditions. The research seeks to offer critical insights 

for disaster risk management and support the preservation of biodiversity, as well as 

archaeological, historical, and environmental assets within the geopark region. 
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2. Materials and Methods 

2.1. Study area 

Ha Quang District, situated in Cao Bang Province, is a mountainous region within the Non 

Nuoc Cao Bang Geopark, located approximately 40 kilometers north of Cao Bang City. 

Geographically, the district is bordered by Trung Khanh District to the east, Bao Lac District 

to the west, Hoa An and Nguyen Binh Districts to the south, and China to the north (Figure 1). 

The district covers a total area of 810.96 km² and has a population of 59,467 people [18]. 

The study area is distinguished by its steep mountainous terrain, intricate geological 

structures, and unstable vegetation cover. As a highland region, it is highly vulnerable to 

environmental hazards, particularly landslides and flash floods. Prolonged heavy rainfall, 

coupled with human activities such as mining, road construction, and agricultural practices, 

further exacerbates the risk of landslides. These factors have led to substantial damage to 

property and infrastructure, disruptions to local livelihoods, and the degradation of the natural 

landscape. 

 

Figure 1. Administrative map of Ha Quang district, Cao Bang province. 

2.2. Data collection  

The study was carried out in five key steps, as follows: 

(1) Landslide Identification: Landslide locations were determined through optical remote 

sensing analysis of Google Earth imagery, supplemented by extensive field surveys. 

(2) Selection and Extraction of Factors: Seven influencing factors were selected and 

extracted using multiple data sources, including Digital Elevation Models (DEM), Landsat 8 

(OLI+), and satellite-based rainfall measurements. 

(3) Application of the Dempster-Shafer Theory (DST) and CF model: The DST and CF 

model were employed to compute importance weights for each causative factor map. 

(4) Generation of the DS and CF Map: The weighted factor maps were integrated with 

their corresponding importance weights to produce the DS susceptibility map and CF map.  

By utilizing the distinct advantages of each model, this study seeks to conduct a 

comprehensive comparison of their predictive performance, enhancing the accuracy of 

landslide susceptibility mapping. A total of 196 landslide occurrences in the study area were 

identified through visual analysis of Google Earth imagery, utilizing historical statistical data 


