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Abstract – Landslides are slope failure disasters threatening human life and destroying infrastructures. Landslides happen 

suddenly and cause huge losses. Landslide visualization can provide information and an overview of slope movement and 

landslides. This study reviews the visualization of landslides by analyzing literature published on this topic from 2018 until 

February 2023. This study used publications from the ‘Web of Science’ (WOS) and ‘Scopus’ in the last five years to get the 

latest information on this topic. This study has examined trends in the number of publications and sources of publication, study 

areas, visualization techniques and datasets used, and visualizations produced in either 2D or 3D. The number of publications 

shows an increasing trend, and the journal that publishes the most articles is ‘Remote Sensing’. Areas from China are often 

chosen as study areas in this topic, followed by Slovenia. There were 19 visualization techniques identified through the article, 

and Electrical Resistivity Tomography (ERT) was used frequently in 3 publications. Digital Elevation Model (DEM) data is 

used in most articles (8 articles) compared to the other 10 data, which are Digital Terrain Model (DTM), Knowledge Template, 

Electromagnetic VLF-R Data, Cloud Data of Discrete Points, Ground-Penetrating Radar (GPR) Data, Electric Resistivity 

Tomography (ERT) Data, Airborne Lidar, Target Ground Sampling Distance (GSD), Area of Interest, and in situ Data. Landslide 

visualization in 3D form is produced in most articles compared to 2D. The analysis shows a preference for 3D visualization 

over 2D, although both techniques are employed due to their unique advantages. The review exercise reveals a rising publication 

trend, highlighting the prominence of 3D visualization techniques and the popularity of DEM data in landslide visualization 

studies, while also suggesting the need for more recent and comprehensive research in this field. 
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1.0 Introduction 

Landslide refers to the movement of rocks, soil or debris (fine material) down the slope due to 

gravity and natural factors (melting snow, heavy and prolonged rains and earthquakes) or due to 

anthropogenic factors (forest logging, earthworks and mining) [1, 2]. Additionally, [3] agrees with 

[1] and [2] in defining landslides as one of the natural disasters that occur when rocks or soil move 

downhill. According to him, landslides also happen due to heavy rain threatening people’s lives in 

the surrounding area and causing infrastructure destruction [3]. In his study, [4] also stated that 

landslides result from gravitational solid force acting on rocks and soil. 

 Landslide disasters often occur suddenly on a large scale leading to loss of life and 

significant economic impact on countries. Additionally, landslides cause losses of billions of 

dollars by destroying infrastructure and endangering thousands of lives worldwide each year. 

According to [5], landslides cause severe damage globally annually. Between 2004 and 2016, more 

than 55 000 people lost their lives due to landslides. The estimated yearly infrastructure damage 

caused by landslides amounts to as much as 20 billion U.S. Dollars [5]. Therefore, landslides are 

categorized as highly dangerous disasters. Figure 1 displays the ‘Global Landslide Catalog’ map 

for 2019, released by NASA. 

 

 

Figure 1. Global Landslide Catalog (GLC) 2019 (NASA). Source: [6] 
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 Almost all the landslide disasters have specific causes. Slope movement occurs when the 

force acting down the slope, primarily due to gravity, surpasses the length of the earth’s material 

forming the hill. The mentioned causes encompass factors that amplify the downward force of the 

slope. Landslides can result from various factors, such as rainfall, snowmelt, water level changes, 

river erosion, groundwater changes, earthquakes, volcanic activity, disturbance by human activity, 

or any combination of these factors [7]. Additionally, earthquakes and other elements can trigger 

underwater landslides, known as submarine landslides. Notably, these undersea landslides may 

sometimes lead to the generation of tsunamis. 

There are various studies conducted in this field. For example, [8] and [9] studied landslide 

susceptibility maps. [10] conducted a study on the early warning system for landslides. Then, [11] 

conducted a study on landslide prediction using an intelligent approach. Many more studies have 

been conducted related to landslides. This study will focus on landslide visualization. 

Landslide visualization refers to studies that present the research results in a graphical and 

visual format. In today’s era, presenting data or research findings visually is much easier to 

understand than presenting them solely as numbers or words. Visualization methods are widely 

used across various fields because they help convey information in a format easily shareable with 

global audiences [12]. In landslide research, visualization techniques are commonly employed to 

represent landslide data closely related to geographic information. The results of landslide 

visualization techniques are often presented in the form of maps or images that accurately depict 

the topography of the study area [12]. 

So, the purpose of this study is to review landslide visualization by studying the articles 

published on this topic. Nowadays, it is crucial to check landslide visualization because it helps 

researchers, authorities, policymakers, and the public understand the complex processes involved 

in landslides. Landslide visualization can provide clear visual representations, and the dynamics 

and triggers of landslides become more accessible and understandable. Moreover, landslide 

visualization reviews can help policymakers and urban planners understand landslide data, which 

is crucial when deciding on land use planning and infrastructure development. Then, landslide 

visualization reviews can also serve as a foundation for future research and innovation. By collating 

and summarizing existing knowledge, researchers can identify gaps in the current understanding 

and propose new avenues for investigation. 
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Therefore, this study will focus on publications trends and sources, study area, trends of 

visualization techniques/methods, data used for visualization and trends of two-dimensional and 

three-dimensional visualization produced in articles. 

 

2.0 Methodology 

Landslide visualization is a method that represents this disaster through visual graphics, enabling 

the identification of relevant articles in this field. Three keywords, namely landslide, slope failure, 

and visualization are used in the selection process, specifically applied to titles, abstracts, and 

keywords when searching for articles. It is worth noting that landslide and slope failure are two 

keywords that share the same meaning, and some articles may use either term exclusively. As a 

result, using these keywords makes it easier to identify accurate and relevant articles related to the 

topic. 

This study utilizes publications from Web of Science (WOS) and Scopus within the five 

years from 2018 to the beginning of 2023, specifically until February 2023. The selected timeframe 

examines this field’s most current visualization methods and data. Only articles from WOS and 

Scopus are considered in this study due to their high-quality publications and specific, reliable 

databases compared to others [13]. Additionally, this study aims to distinguish between landslide 

visualizations presented in two dimensions (2D) and three dimensions (3D). The selection process 

resulted in 16 articles and one conference proceeding, with 12 publications chosen from WOS and 

five from Scopus. Through filtering keywords and publication purposes, 11 articles and one 

conference proceeding were selected from 33 publications available on the WOS site. A similar 

approach was taken for the selection of Scopus publications. Notably, all the chosen publications 

are published in English. Despite the few articles related to landslide visualization for the five years 

(2018 to early 2023), each selected publication provides valuable insights into landslide disasters 

and visualization, benefiting researchers and authorities. Figure 2 displays a flow chart illustrating 

the article selection process. 
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Figure 2. Flow chart of selection of article 
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3.0 Results and Discussions 

3.1 Publication Trends Related to Study Topics 

After searching the WOS and Scopus sites, only 17 publications relevant to the topic were selected. 

Despite the relatively small number of articles studied, they offer valuable and up-to-date 

information, frequently discussed in the current landscape of the study’s topic. Therefore, these 17 

publications were carefully considered in conducting this review. Figure 3 illustrates the number 

of publications from WOS and Scopus between 2018 and the beginning of 2023. The highest 

number of publications, five articles, was recorded at the beginning of 2023 (until February 2023), 

while the lowest numbers occurred in 2018 and 2020, with only one article each related to landslide 

visualization. The publishing trend indicates an improvement over the years, with an increase in 

the number of publications on this subject. 

 

 

Figure 3. Number of publications by year 

 

 The number of publications in 2018 was only one article, which increased to one conference 

proceeding and three in 2019. However, it decreased to only one article publication in 2020. 

Nevertheless, the number of publications started to increase again in 2021, with three articles and 

remained consistent in 2022, with three papers. Based on the current trend, the number of 

publications in 2023 will continue to increase. Until February 2023, there were five articles, 

surpassing the number of publications in 2020. 
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 In 2018, an article related to the topic of this study was done by Hu et al. (2018). For 2019, 

[14, 15, 16, 17] conducted a study on the visualization of landslides. In 2020, only one article was 

published by [2]. The work of [3, 18, 19] was published in 2021. The exact number of articles was 

recorded in 2022, which is the result of [20, 21, 22]. The number of publications that related to the 

topic of the study in 2023 was recorded as many as five publications which are the result of writing 

[23, 24, 25, 26, 27]. All the publications used in the study did not discuss landslide visualization as 

a significant topic, but more than half of the articles examined this topic as a major issue. 

 

3.2 Source of Publications 

All 17 publications were written in English, indicating that researchers are more inclined to produce 

their studies in English to gain broader attention from students and researchers worldwide. English 

is an international language, facilitating a better understanding of the research results among a 

global audience. 

According to Figure 4, 14 journals have recorded publications related to landslide 

visualization from 2018 until February 2023. These journals include ‘Applied Sciences,’ ‘Drones,’ 

‘Elsevier,’ ‘IEEE Computing in Science and Engineering,’ ‘Instrumentation Mesure Metrologie,’ 

‘International Journal of Disaster Risk Reduction,’ ‘International Journal of Geo-Information,’ 

‘International Journal of Geomate,’ ‘Journal for Taibah University for Science,’ ‘Landslides,’ 

‘Remote Sensing,’ ‘Sensors,’ ‘Sixth Geoinformation Science Symposium,’ and ‘Taylor & Francis’. 

The journal with the highest publication rate is ‘Remote Sensing,’ accounting for 17.6%, 

equivalent to 3 publications. The ‘International Journal of Geoinformation’ follows closely with 

the second-highest publication rate of 11.8%, consisting of 2 articles. All other journals published 

only one article related to landslide visualization, which accounts for 5.9% each. 
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Figure 4. Rate of the journal among publications that related to landslide visualizations 

 

3.3 Study Area of Publications 

Landslides occur all over the world, regardless of location and time. These disasters cause billions 

of dollars in losses as they destroy infrastructure and threaten the lives of thousands of people 

annually. Consequently, researchers studying landslides select study areas from various countries. 

In this study, the 17 publications used for research come from study areas in 13 different countries, 

including California, Central Java (Indonesia), China, France, Indonesia, Northern Italy, Norway, 

Saudi Arabia, Scotland, Slovenia, Spain, Thailand, and Tibet. 

 According to Table 1, China is the most frequently selected study area, appearing in 4 

publications, which are the results of studies conducted by [17, 23, 26, 28]. This trend can be 

attributed to China’s dense population and frequent landslides. As stated by [29], China has a vast 

mountainous area, covering 69% of its land, with half of its cities located in mountainous regions. 

Consequently, nearly 50% of the country’s population resides in these areas. Since the 1980s, 

landslide disasters in China have risen due to construction activities and climate change [29]. These 

findings align with [30], which also emphasizes China’s high rate of mountainous regions, leading 

to frequent occurrences of landslides, almost becoming a norm. Despite this, the impact of such 

disasters still results in significant losses in terms of both human lives and economic resources [30]. 

Hence, it is understandable why China is prominently chosen as a study area in most publications. 
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Table 1. Frequency of study areas used in publications 

Study Area Number of Publications 

California 1 

Central Java, Indonesia 1 

China 4 

France 1 

Indonesia 1 

Northern Italy 1 

Norway 1 

Saudi Arabia 1 

Scotland 1 

Slovenia 2 

Spain 1 

Thailand 1 

Tibet 1 

 

Slovenia was selected as a study area in 2 publications by [16] and [19]. As [31] highlights, 

Slovenia faces various disasters, including earthquakes, landslides, and groundwater pollution. 

Among these, landslides are a prominent concern due to the tectonic and morphological conditions 

of the hillside, leading to infrastructure damage and fatalities in the Slovenian territory. Given the 

frequent occurrences of landslides and their significant impact, Slovenia became the second choice 

as a study area for researching landslide disasters. Other countries such as California, Central Java 

(Indonesia), France, Indonesia, Northern Italy, Norway, Saudi Arabia, Scotland, Spain, Thailand 

and Tibet were only selected in one publication between 2018 and February 2023. 

 

3.4 Trends in Landslide Visualization Techniques/Methods 

Various techniques have been developed and employed in landslide studies worldwide. However, 

the lack of historical landslide records in certain areas and limited information about triggering 

factors pose challenges for researchers and authorities in predicting landslide occurrences. 

Nevertheless, mapping landslide areas can provide valuable information about their occurrence. 

Visualization methods also play a crucial role in depicting landslide areas with graphic effects, 
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presenting a more realistic view to authorities and researchers, facilitating further actions, and 

easing the research process. 

 Figure 5 shows 19 techniques used to produce visualizations of landslides identified from 

the publications used in this study. Among them are ‘Virtual Reality,’ ‘Light detection and ranging 

(LiDAR),’ ‘Particle image velocimetry (PIV) algorithms,’ ‘Visualization for Archaeological 

Topography (VAT),’ ‘Unmanned aerial vehicles (UAVs),’ ‘Time-lapsed Imagery (TLI),’ ‘Remote 

Sensing,’ ‘Red Relief Image Map,’ ‘Logistic Regression,’ ‘LOD representation,’ ‘Knowledge 

Guided Dynamic,’ ‘In situ visualization,’ ‘Head Mounted Display,’ ‘Information Value Model,’ 

‘Electrical Resistivity Tomography (ERT),’ ‘Closest Point (ICP) algorithm,’ ‘Airborne Laser 

Scanning (ALS),’ ‘3D Ground-Penetrating Radar (3D GPR),’ and ‘Triangular Irregular Network 

(TIN) - Surface Modeling’. 

 

 

Figure 5. Landslide visualization technique used in publications from the year 2018 until early 

2023 
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 According to Figure 5, it was found that ‘Electrical Resistivity Tomography (ERT)’ was 

used in three articles to produce a visualization of landslides. ERT is a geophysical method widely 

used near landslide areas with a complex geological environment. The ERT technique can produce 

land images in two dimensions (2D) and also three dimensions (3D) [32]. This method is used by 

[14, 21, 25]. [21] used the ERT method together with 3D GPR to produce landslide visualization. 

He uses a combination of these techniques to create visualizations in 3D form. [14] also used the 

ERT technique to make visualization in 3D format. [25] have produced a visualization model in 

2D form using the ERT technique. 

 According to [33], studies utilizing ERT techniques often present results in either 2D or 3D 

format. However, in recent times, 3D ERT techniques have gained popularity among researchers. 

The use of 3D ERT helps mitigate errors and artefacts that can arise from limitations in the 2D 

model. Additionally, 3D ERT provides smoother and more accurate results than its 2D counterpart 

[33]. In this study, two of the three publications utilizing ERT produced visualization models in 3D 

form, while only one employed the 2D approach. Moreover, it is worth noting that other 

visualization techniques, apart from ERT, were used in only one publication from 2018 until 

February 2023. 

 

3.5 Data Used In Landslide Visualization 

Based on Figure 6, 11 data types are commonly used in producing landslide visualization. These 

include ‘Digital Elevation Model (DEM),’ ‘Digital Terrain Model (DTM),’ ‘Knowledge Template,’ 

‘Electromagnetic VLF-R Data,’ ‘Cloud Data of Discrete Points,’ ‘Ground-Penetrating Radar (GPR) 

Data,’ ‘Electric Resistivity Tomography (ERT) Data,’ ‘Airborne Lidar,’ ‘Target Ground Sampling 

Distance (GSD),’ ‘Area of Interest,’ and ‘In Situ Data.’ Notably, one article, the work of [18], does 

not specify the data used due to the applied technique, ‘time-lapsed imagery (TLI).’ TLI is a 

visualization technique that enables real-time analysis, allowing researchers to monitor slope 

movements continuously. This technique provides detailed information about the slope activity, 

facilitating researchers’ understanding of the process. 

 In addition, according to Figure 6, it is evident that ‘Digital Elevation Model (DEM)’ data 

is the most commonly used in landslide visualizations, appearing in 8 publications. Among the 

publications that utilize DEM data is the study conducted by [3, 15, 16, 19, 22, 23, 27, 28]. 
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Figure 6. Type of data used in landslide visualization study from the year 2018 until early 2023 
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used in this study also utilizes ‘DEM Alos Palsar’ data as height data due to its consistent 

resolution, which aligns with the data forming the results of their ‘Information Value Model’ 

model. This choice is essential as DEM resolution is crucial in producing highly accurate landslide 

models [35]. Moreover, using DEM data allows for analyzing the terrain before and after a 

landslide event, aiding in the swift assessment of land deposits’ volume and identifying factors 

contributing to the disaster [22]. As a result, many researchers prefer using DEM data over other 

sources due to its versatility and effectiveness. 

 In addition, DTM data and ‘Airborne LiDAR’ data were each used in 2 publications. 

Similar to DEM, DTM is also elevation data but focuses more on the ground surface without 

including objects or buildings [37]. Additionally, ‘Airborne LiDAR’ allows researchers to obtain 

3D data for the area affected by the landslide, capturing the surrounding area’s topography, 

buildings, and trees [38]. Therefore, these two data are used in two publications. The other data 

was only used in one publication from 2018 to February 2023. 

 

3.6 Trend 2D and 3D Landslide Visualization 

2D represents a flat dimension with only length and width, making it a two-dimensional plane 

represented by the x and y axes. In contrast, 3D involves three dimensions, x, y, and z representing 

length, width, and height. As a result, 2D visualization is limited to representing objects on a flat 

surface, which may not be suitable for studying real-world space. On the other hand, 3D 

visualization offers a more comprehensive representation of objects and their structure in a disaster 

or any given context. It enriches the visualization with navigation features, allowing researchers to 

explore and study the subject matter more fully and realistically [39]. 

Based on Figure 7, the production of 3D visualization is higher than 2D lately. Researchers 

who produced landslide visualization in 3D are [2, 14, 15, 17, 20, 21, 22, 23, 24, 26, 27, 28]. 

Meanwhile, researchers who produced a visualization of landslides in 2D form are [3, 14, 16, 18, 

19, 25]. The percentage of 3D visualizations produced between 2018 and early 2023 is 66.7%, 

while 2D visualizations account for only 33.3%. This stark difference is attributed to the fact that 

3D visualization offers a more precise and comprehensive picture of land or slope movement 

mechanisms compared to 2D visualizations [40]. Then, 3D also helps integrate geophysical and 

geological data for visualization in 3 dimensions [41]. Moreover, as stated in [42], 3D visualization 

reveals characteristics and information about landslides that cannot be obtained through 2D 
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visualization. Figure 8 shows an increasing trend in 3D visualization, with one publication in 2020 

and four at the beginning of 2023. 

 

 

Figure 7. Rate of dimensions (2D and 3D) used in publications 

 

 

Figure 8. 2D and 3D landslide visualization produced in publications from 2018 until early 2023 
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 Although 3D visualization has shown an unstable trend, it was produced in higher numbers 

than 2D in 2021, with three publications. Additionally, at the beginning of 2023, it was discussed 

in one publication. This indicates that researchers still produce 2D visualizations of landslides 

alongside 3D. The choice between 2D or 3D dimensions depends on the specific analysis and 

geometry of the slope [42]. According to [42], visualizations related to slope stability in 3D are 

more complex and require extensive data analysis compared to visualization in 2D. 

 Furthermore, some researchers produce visualizations in both dimensions in 2D and also in 

3D [14]. The researcher used the ERT technique in this study to create visualizations in both 

dimensions. This is because there is a growing need to combine 3D and 2D visualization methods. 

Using both dimensions offers various advantages to researchers in gathering information about 

landslides. As mentioned earlier, 3D visualization provides a broader and more detailed picture of 

landslide disasters, while 2D visualization allows for representing time series data [39]. 

 

4.0 Conclusion 

Landslides are natural disasters that significantly threaten human lives and infrastructure and cause 

extensive losses. This analysis focuses on publications published between 2018 and February 2023 

to gather the latest information on landslide visualization. The study covers various aspects, 

including publication trends, sources, study areas, visualization techniques used, data utilized, and 

the trends in 2D and 3D visualization. Only articles from WOS and Scopus databases are 

considered in this review study, comprising 17 articles on landslide visualization. 

 According to the study’s findings, the publication trend on landslide visualization shows a 

consistent increase. All 17 publications were sourced from the 14 journals listed in Figure 4, with 

the journal ‘Remote Sensing’ having the highest number of publications. The study areas were 

chosen from 13 different countries, with China being the most frequently selected as a study area 

in the publications, followed by Slovenia. 

 Additionally, 19 visualization techniques or methods were identified as being used in the 

publications to produce landslide visualizations. The ERT technique stands out, being used in 3 

publications more than any other method. Furthermore, 11 data types were identified in the 

publications for producing landslide visualizations, with DEM data being the most popular among 

researchers, utilized in 8 publications. Combining these techniques and data allows for creating 

both 2D and 3D visualizations. The analysis shows that 3D visualization is predominant in most 
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publications compared to 2D. This trend indicates that researchers nowadays are more inclined to 

produce three-dimensional landslide visualizations. However, 2D visualization is still employed by 

researchers due to its unique advantages. 

 This review lacks recent studies on landslide visualization (2018-Feb 2023), where only 17 

publications can be identified. However, all 17 of these publications provide valuable information. 

Therefore, the proposal to publish more future articles related to landslide visualization can provide 

helpful and detailed information about this dangerous disaster. 
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