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ABSTRACT 
Landslides pose a significant geohazard globally, particularly in Asia, which accounts for 
nearly 75% of worldwide landslide-related fatalities. The regions under the Himalayan 
Arc in India are especially vulnerable due to complex geomorphological, climatic, and 
anthropogenic factors. This conceptual review synthesizes existing methodologies for 
landslide hazard mapping by exploring four key dimensions: inventories, susceptibility, 
vulnerability, and risk assessment. The study highlights the importance of landslide 
inventories which serve as the foundation for accurate susceptibility modelling. Various 
susceptibility mapping approaches—qualitative, semi-quantitative, and quantitative 
have been reviewed. Further, vulnerability assessments through multidimensional 
frameworks, including heuristic and index-based methods, fragility curves, and 
numerical modelling, which evaluate the impact on both human and structural assets, are 
discussed. Finally, risk analysis is also deliberated through qualitative and quantitative 
lenses, integrating hazard intensity, vulnerability, and value of elements at risk. This 
review highlights the need for a multidisciplinary and mixed-method approach to 
enhance the accuracy, reliability, and practical applicability of landslide hazard 
assessments, particularly in data-scarce and high-risk regions. 
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1. INTRODUCTION 
Landslides are among the most devastating natural hazards, resulting in 

significant human casualties, economic losses, and environmental degradation 
globally. The problem is particularly acute in Asia, which accounts for 
approximately 75% of landslide-related fatalities, with countries like India, Nepal, 
Bangladesh, and Myanmar facing recurrent disasters, especially during the 
monsoon season Froude and Petley (2018), UNISDR. (2017). India ranks third 
globally in landslide risk, with the states under the Himalayan terrain being highly 
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vulnerable due to the combination of steep slopes, intense rainfall, tectonic 
instability, and unregulated anthropogenic interventions such as deforestation and 
mining Ray (2018). 

Given this complex hazard landscape, landslide hazard mapping has emerged 
as a critical tool for identifying at-risk zones and informing mitigation strategies. 
Central to this process are landslide inventories, susceptibility models, vulnerability 
assessments, and comprehensive risk analyses. Despite decades of research, there 
remains no universally accepted framework for landslide hazard assessment, with 
methodologies varying widely in terms of data inputs, analytical approaches, and 
spatial scales Guzzetti et al. (1999), Westen et al. (2003). This review critically 
synthesizes the wide-ranging methods applied in landslide hazard mapping—
spanning qualitative, quantitative, and semi-quantitative frameworks, to assess 
their applicability, strengths, and limitations. It also addresses the need for 
integrating multi-criteria approaches and validating susceptibility models using 
predictive techniques such as the Area Under the Curve (AUC). 

 
2. LANDSLIDE INVENTORIES AND SUSCEPTIBILITY MAPPING 

PARAMETERS 
According to Cruden (1991) “Landslide is the movement of a mass of rock, earth 

or de¬bris down a slope.” 
Landslide inventories, often developed using high-resolution satellite imagery, 

field surveys, and historical data, are essential tools for assessing landslide risk. 
These inventories help in mapping past landslide events, which in turn aid in 
creating susceptibility models Guzzetti et al. (1999). The use of landslide inventory 
during landslide hazard assessment is ubiquitous, however, the component used to 
develop a landslide inventory may differ according to the specific needs of the study. 
Researchers worldwide had developed a landslide inventory using mostly field 
surveys Asmare (2023), Guzzetti et al. (1999), Guzzetti et al. (2006), Guzzetti et al. 
(2012), Intarawichian and Dasananda (2010), Jamaludin et al. (2008), Panchal and 
Shrivastava (2022), Silalahi et al. (2019), Sun et al. (2018), Westen et al. (2003), past 
landslide data Flentje et al. (2007), Froude and Petley (2018), Guzzetti et al. (1999), 
Guzzetti et al. (2006), Guzzetti et al. (2012), Jamaludin et al. (2008), Martha, Kerle, 
et al. (2012), Martha et al. (2012), Nguyen and Liu (2019), Panchal and Shrivastava, 
(2022), Silalahi et al. (2019), Westen et al. (2003) or by the combination of both.  

Different data sources most commonly used were the Digital Elevation Model 
(DEM) Asmare (2023), Flentje et al. (2007), Guzzetti et al. (2012), Intarawichian and 
Dasananda (2010), Martha et al. (2012), Nguyen and Liu (2019), Panchal and 
Shrivastava (2022), Shah et al. (2023), Silalahi et al. (2019), Sun et al.(2018) 
followed by High-resolution satellite data Asmare (2023), Intarawichian and 
Dasananda (2010), Martha et al. (2012), Martha, van Westen et al., (2012), Sun et al. 
(2018), GIS-based map Flentje et al. (2007), Intarawichian and Dasananda (2010), 
Shah et al. (2023), and Google Earth Asmare (2023), Panchal and Shrivastava 
(2022), Shah et al. (2023). The use of Digital Elevation Models (DEM) and GIS-based 
tools has been crucial in identifying landslide-prone areas, with studies showing 
that higher resolution imagery provides more accurate results than lower-
resolution alternatives Meena and Piralilou (2019). 
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Some of the parameters studied by previous researchers are as follows: 
Table 1 

Table 1 Parameters Studied by Previous Researchers on Landslide Hazard Susceptibility 

Parameters Authors 
Geology Flentje et al., (2007), Martha et al. (2012), Panchal and Shrivastava 

(2022), Silalahi et al. (2019), Syam et al. (2019) 
Distance to fault Sun et al. (2018) 

Fault Density Panchal and Shrivastava (2022) 
Structure Guzzetti et al. (2006), Westen et al. (2003) 

Surfacial Meterials Westen et al. (2003) 
Bedrock Westen et al. (2003) 

Lithology Asmare (2023), Guzzetti et al. (2006), Intarawichian  and Dasananda 
(2010), Martha et al. (2012), Nguyen and Liu (2019), Panchal and 

Shrivastava (2022), Sun et al. (2018) 
Vegetation Flentje et al., (2007), Sun et al. (2018) 

Slope 
Inclination/Slope 

Angle 

Asmare (2023) , Flentje et al. (2007), Intarawichian  and Dasananda 
(2010), Jamaludin et al. (2008), Martha et al. (2012), Panchal and 

Shrivastava (2022), Shah et al. (2023), Sun et al. (2018), Syam et al. 
(2019) 

Slope Aspect Asmare (2023), Flentje et al. (2007), Intarawichian  and Dasananda 
(2010), Martha et al. (2012), Nguyen & Liu (2019), Panchal and 

Shrivastava (2022), Shah et al. (2023), Silalahi et al. (2019), Sun et al. 
(2018), Syam et al. (2019), Westen et al. (2003) 

Slope Shape Jamaludin et al. (2008) 

Slope distance from 
road 

Asmare (2023), Panchal and Shrivastava (2022), Westen et al. (2011) 

Slope distance from 
streams 

Westen et al. (2011) 

Distance from 
lineament 

Intarawichian and Dasananda (2010) 

Distance to ridge Jamaludin et al. (2008) 
Relative relief Martha et al. (2012), Panchal and Shrivastava (2022) 
Terrain Units Flentje et al. (2007) 

Terrain Elevation Asmare (2023), Intarawichian and Dasananda (2010), Shah et al. (2023) 
Topographic relief Sun et al. (2018), Syam et al. (2019) 

Topographic Wetness 
Index 

Flentje et al. (2007), Panchal and Shrivastava (2022), Sun et al. (2018), 
Syam et al. (2019) 

Curvature Asmare (2023), Flentje et al. (2007), Panchal and Shrivastava (2022), 
Shah et al. (2023), Sun et al. (2018) 

Flow Accumulation Flentje et al. (2007) 
Feature Area Jamaludin et al. (2008) 

Percentage of feature 
uncover 

Jamaludin et al. (2008) 

Presence of rock 
exposure 

Jamaludin et al. (2008) 

Presence of bench 
drain 

Jamaludin et al. (2008) 

Presence of 
horizontal drain 

Jamaludin et al. (2008) 

Presence of erosion Jamaludin et al. (2008) 
Soil depth Martha et al. (2012), Nguyen and Liu (2019), Sun et al. (2018) 
Soil Type Intarawichian and Dasananda (2010), Silalahi et al. (2019) 
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Soil Texture Intarawichian and Dasananda (2010) 
Drainage density Nguyen and Liu (2019), Panchal and Shrivastava (2022) 

Distance to 
River/Drainage 

Asmare (2023), Intarawichian and Dasananda (2010), Sun et al. (2018) 

Stream Network Shah et al. (2023) 
Steam Power Index Sun et al. (2018) 
Sediment Transport 

Index 
Sun et al. (2018) 

Rainfall Intensity Intarawichian and Dasananda (2010), Silalahi et al. (2019), Sun et al. 
(2018) 

Land use/Land cover Guzzetti et al. (2006), Intarawichian  and Dasananda (2010), Martha et al. 
(2012), Nguyen and Liu (2019), Silalahi et al. (2019), Westen et al. (2003) 

Normalized 
Difference Vegetation 

Index (NDVI) 

Asmare (2023), Intarawichian and Dasananda (2010), Sun et al. (2018), 
Syam et al. (2019) 

Morphology Guzzetti et al. (2006) 

 
3. LANDSLIDE SUSCEPTIBILITY MAPPING METHODS 

Since there is no one-size-fits-all approach in research, so there is no universal 
consensus on the methods, approaches, and scope of landslide hazard assessment 
Guzzetti et al. (2006). A similar idea was also expressed that there doesn’t exist a 
universally recognized geomorphological classification system Westen et al. (2003).  

Landslide susceptibility refers to the likelihood of a terrain to fail under certain 
conditions, often triggered by rainfall, earthquakes, or human activity World Bank. 
(2020). Landslide susceptibility mapping can be performed using a combination of 
qualitative, semi-quantitative, and quantitative methods. Among these, the 
Analytical Hierarchy Process (AHP) has been widely adopted for its ability to 
integrate expert judgment with spatial data, while statistical methods like 
Frequency Ratio and Weights of Evidence provide more objective, data-driven 
analyses Saaty (1977), Lee and Talib (2005). These methodologies help in 
identifying the most influential factors contributing to landslides, such as slope 
angle, rainfall, and geology, which can then be incorporated into predictive models. 

 
3.1. QUALITATIVE APPROACHES 
The qualitative approach category includes expert-based techniques for 

assessing landslide hazards Aleotti and Chowdhury (1999). When assigning the 
relative weights of the various landslide parameters, expert opinion is taken into 
consideration. The elements that cause landslides are identified, and the proficiency 
of the expert is used to assess each factor's influence on the likelihood of landslides. 
In such an expert-based method, the outcome is determined by the expert's 
subjective judgement, which may not always be accurate Panchal and Shrivastava 
(2022). 

 
3.2. QUANTITATIVE APPROACHES 
As the outcomes of quantitative approaches are grounded on scientific 

procedures and do not involve subjectivity, they are considered to be more objective 
and accurate than those of qualitative and semi-quantitative approaches. Among the 
quantitative approaches, statistical analysis is found to be the most frequently used. 
Again, within the statistical analysis approach, many studies have incorporated the 
Frequency Ratio (FR) method Shah et al. (2023), Silalahi et al. (2019); some have 

https://www.granthaalayahpublication.org/journals/index.php/Granthaalayah/


Amar Jyoti Taye, and Rubi Tamang 
 

International Journal of Research - GRANTHAALAYAH 167 
 

used the Weights of Evidence method Martha et al. (2012), Westen et al. (2003), 
while the use of discriminant analysis Guzzetti et al. (2006) and linear regression 
method Jamaludin et al. (2008) are less common. Frequency ratio is a frequently 
used bivariate statistical method Ehret et al. (2010), Lee and Talib (2005), Mondal 
and Maiti (2013), Sheng et al. (2022), Silalahi et al. (2019) which is very commonly 
employed in research.  

 
3.3. SEMI-QUANTITATIVE APPROACHES 
Numerous studies worldwide have adopted the Semi-quantitative approach 

since it is less complicated and combines both qualitative and quantitative 
approaches. Among these approaches, the Analytical Hierarchy Process (AHP) 
Method is frequently used Asmare (2023), Nguyen and Liu (2019), Panchal and 
Shrivastava (2022), Sun et al. (2018), Syam et al. (2019). Additionally, studies using 
both AHP and Weighted Linear Combination were also demonstrated Intarawichian 
and Dasananda (2010), Panchal and Shrivastava (2022). 

In the Analytical Hierarchy Process (AHP) Method, decisions are made based 
on weight. It was developed by Saaty (1977), who used pair-wise comparison 
without inconsistencies to evaluate the decision model by constructing the 
evaluation matrix with the absolute number scale 1–9. This AHP model delivers a 
pairwise matrix, eigenvalue, and weighting coefficient and allows a priority ranking 
check by calculating the consistency ratio (CR). 

 
3.4. MIXED-METHOD APPROACHES 
Since employing a single research strategy has its limitations, researchers can 

benefit more by employing multiple approaches, as the findings of these approaches 
can be compared and triangulated to increase the accuracy and reliability of such 
findings.  

Landslide susceptibility models have been developed through a combination of 
numerous methods, such as the AHP and Frequency Ratio method Asmare (2023); 
and in another study, researchers used quantitative methods, such as bivariate and 
correlation statistics, for weighing instead of expert judgement when using the AHP 
method Nguyen and Liu (2019). Additionally, three methods—the FR technique, the 
AHP method, and the logistic regression approach—were used in an investigation 
where the principal component analysis (PCA) was employed by the researchers to 
minimize the dimension of the influencing factors and to get rid of the collinearities 
between them Sun et al. (2018). Further, when using a dichotomous dependent 
variable in research, the statistical analysis frequently performed is through the 
logistic regression method (the dependent variable only takes two values). A binary 
dependent variable and a series of independent variables can be related to each 
other using this method. The independent variable does not need to fit into a normal 
distribution; it might be discrete or continuous. In addition to predicting the 
likelihood of an event occurring, logistic regression may be used to explain the 
complicated nonlinear relationship between natural phenomena using simple linear 
regression. Testing the degree of correlation between the independent and 
dependent variables that are estimated by the Odds ratio within the logistic 
regression method is another advantage. Thus, studies carried out on landslide 
analysis have made extensive use of this technology Sun et al. (2018). 
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4. PREDICTION RATE OF THE LANDSLIDE SUSCEPTIBILITY 

MODEL 
After developing the landslide susceptibility model, the researcher must 

determine the model's predictive rate, for which the most widely used technique 
seems to be the Area Under the Curve (AUC) technique Asmare (2023), 
Intarawichian and Dasananda (2010), Panchal and Shrivastava (2022), Shah et al. 
(2023), Silalahi et al. (2019), Sun et al. (2018). However, only a small number of 
studies have shown that the accuracy of the prediction rate is greater than 80% 
(82.50% by Panchal and Shrivastava (2022), 90.10% by Silalahi et al. (2019). 
Furthermore, a finding indicated that the AHP approach was more accurate than the 
FR method, with success rates under AUC of 85.80% and 82%, respectively, and 
prediction rates of 88.2% and 84.8% Asmare (2023). Nonetheless, researchers who 
had mapped landslides assessed the accuracy of their susceptibility model by 
dividing the landslide data into two categories, viz. 70% for susceptibility modelling 
and the remaining 30% of the landslide data for validation Asmare (2023), Shah et 
al. (2023), Silalahi et al. (2019). 

 
5. LANDSLIDE HAZARD VULNERABILITY AND RISK 

ASSESSMENT  
5.1. LANDSLIDE HAZARD VULNERABILITY 
The following are the definitions provided by The United Nations International 

Strategy for Disaster Reduction UNISDR (2009): (UNISDR) 
Hazard: “The combination of the probability of an event and its negative 

consequences.” 
Vulnerability: “The characteristics and circumstances of a community, system 

or asset that make it susceptible to the damaging effects of a hazard.” 
Landslide vulnerability has multiple facets and is caused by a range of 

environmental, social, economic, and physical variables. Such as poor building 
design and construction; insufficient asset protection; lack of public knowledge and 
awareness; lack of government identification of hazards and precautionary 
measures, and a disdain for prudent environmental management. The degree of 
vulnerability fluctuates throughout time and within a community. Vulnerability is 
defined in this definition as an attribute of the interest element (system, community 
or asset) that exists regardless of its exposure. Nonetheless, the term is frequently 
used more widely in everyday speech to refer to the element's exposure UNISDR 
(2009). 

In most cases, vulnerability is measured using a set of values (0 representing 
no damage and 1 representing total damage) or values determined by experts 
Westen et al. (2011). Evaluation of vulnerability can be done through quantitative, 
qualitative or mixed methods Corominas et al. (2014). A possible approach is to 
create an index of multiple indicators, including an index of social, economic, human 
and environmental vulnerabilities Glade (2003). A study that introduced a 
vulnerability matrix method made use of historical recorded data that was found to 
be relatively more adaptable to various settings, as it helped limit subjectivity to 
some extent when compared to other stated methods Leone et al. (1996). 

In the past, research on landslide vulnerability assessment was carried out 
using a vulnerability map created by combining landslide-triggering factors with 
their corresponding classification using two methods, viz. AHP and Simple 
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Numerical Rating methods for assigning the weights and classes to develop the 
Landslide Potential Index (LPI). Here, LPI was used to determine the landslide 
vulnerability zones Banuzaki and Ayu (2021). The use of the heuristic method for 
vulnerability assessment was carried out, where the process and its magnitude were 
taken into consideration to determine the vulnerability values to People (Vpe) 
buildings (Vp), and people in buildings (Vpep). Here, distinct values were directly 
assigned to events with varying return periods Bell and Glade (2004). 

Furthermore, attempts were made to use an analytical fragility curve to 
evaluate the structural vulnerability of buildings in landslide risk assessment 
Mavrouli et al. (2014), Negulescu and Foerster (2010). It was also found that with 
the use of a numerical modelling approach for differential situations, factors like 
displacement angles, foundation, displacement magnitudes, cross-section form, and 
level of section reinforcement were influencing the structural behaviours of the 
buildings Negulescu and Foerster (2010). 

 
5.2. RISK ASSESSMENT  
Risk Assessment has been defined as “A methodology to determine the nature 

and extent of risk by analysing potential hazards and evaluating existing conditions 
of vulnerability that together could potentially harm exposed people, property, 
services, livelihoods and the environment on which they depend.” UNISDR. (2009). 

Risk assessments (and related risk mapping) include viz. reviewing the 
technical aspects of hazards, such as their location, intensity, frequency, and 
probability; analysing exposure and vulnerability, including the physical, social, 
health, economic, and environmental dimensions; and assessing the efficacy of 
existing and alternative coping mechanisms in light of likely risk scenarios UNISDR. 
(2009). Risk is the non-normalized likelihood that an adverse occurrence will have 
a bad outcome (i.e., cause harm of a particular kind and severity) within a specified 
time frame Marzocchi et al. (2009). 

Risk = (hazard index) × (vulnerability) × (value at risk)                                (1) 
The methods for risk assessment include both quantitative and qualitative 

approaches. Studies on qualitative approaches to landslide risk map can be 
developed using GIS by superimposing the exposed items' consequences and hazard 
maps Wang et al. (2013). Further, qualitative approaches to risk assessment were 
attempted in the past Ko Ko et al. (2004), Remondo et al. (2008) where the factors 
were scored and weighted in the field sheets. Further, the rating and scoring of 
hazards and their consequences were employed for the risk assessment  Ko Ko et al. 
(2004). Additionally, a geomorphological approach to assess the risk of landslides 
was carried out based on examining historical and site-specific data, where the 
hazards assessment was carried out, followed by mapping the risk elements and 
vulnerability assessment Cardinali et al. (2002).  

Besides the above method, quantitative approaches were also carried out for 
risk assessment that made use of hazard, vulnerability and value of the elements at 
risk. Here, the value evaluation of the element at risk was expressed as a specific 
monetary loss, and the vulnerability assessment, expressed in the range of 0 to 1, 
was computed. The landslide hazard's spatial and temporal probabilities were 
examined, and the hazard frequency, elemental vulnerability, and elemental 
monetary value were computed to determine the risk associated with each element 
Remondo et al. (2008). Again, a risk estimation was done by overlapping the 
intensity map of the hazard and the elements at risk map in space and time, 
considering vulnerabilities where frequency vs. consequences plots for different 
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countries where the number of fatalities were shown against the frequency or 
probability of the hazard Sim et al. (2022). Additionally, a modified method was 
utilized to perform a quantitative analysis to assess landslide hazards, where 
elements at risk were identified and values were attributed to vulnerability of 
people and buildings. Here, the assessment was carried out to assess the likelihood 
of spatial and temporal impact of landslide and that of seasonal occurrences Bell and 
Glade (2004).  

Bell and Glade (2004) has given the following expression to calculate the risk: 
Risk = Natural hazard × Consequence × Elements at Risk (R = H×C×E) 
C =Ps×Pt×Vp×Vpe×Pso, 
Where, Ps = probability of spatial impact given an, 
Pt =probability of temporal impact given an event, 
Vp =vulnerability of the building, 
Vpe= vulnerability of the people and 
Pso= probability of seasonal occurrence                                                                        (2) 
 
6. CONCLUSION 

Landslide hazard mapping is an essential component of disaster risk 
management, especially in high-risk regions like the Himalayan terrain in India. This 
review highlights the methodological diversity that characterizes current practices 
in landslide hazard assessment. While landslide inventories remain foundational, 
the integration of high-resolution data, GIS tools, and various modelling 
techniques—from expert-based qualitative assessments to statistically grounded 
quantitative models—has substantially advanced hazard zonation accuracy. Among 
these, semi-quantitative methods like the Analytical Hierarchy Process (AHP) offer 
a pragmatic balance between data availability and methodological rigor. 

However, the absence of a standardized methodological framework continues 
to limit cross-regional comparability and the transferability of findings. Many 
studies also fail to rigorously validate model outputs, with only a few demonstrating 
high prediction accuracy (>80%). Furthermore, while susceptibility mapping is 
widely practiced, fewer studies extend the analysis to include vulnerability and risk 
components, which are crucial for informed policy and planning. Additionally, 
structural vulnerability assessment methods, such as fragility curves and numerical 
modelling, offer significant potential but remain underutilized. 

Ultimately, the multifactorial nature of landslide risk necessitates an 
interdisciplinary and integrated approach—one that combines physical, social, and 
economic dimensions, and is grounded in both empirical data and contextual 
knowledge. 

 
7. SUGGESTIONS  

Based on the conceptual review of the methodologies for landslide hazard, viz., 
Inventories, Susceptibility, Vulnerability, and Risk Analysis, the following 
suggestions can be made: 

1) Standardize Methodological Frameworks: Establishing a unified, 
flexible framework for landslide hazard assessment that accommodates 
regional differences while enabling methodological comparability is 
essential. This would enhance consistency and reproducibility across 
studies. 
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2) Promote Multi-Method Approaches: Researchers should be 
encouraged to adopt mixed method approaches such as AHP, frequency 
ratio, logistic regression, machine learning and PCA to enhance model 
robustness and reduce reliance on any single methodology's limitations. 

3) Incorporate Vulnerability and Risk Components: Future studies must 
go beyond susceptibility mapping to include vulnerability and risk 
assessments, using both qualitative (e.g., vulnerability matrices) and 
quantitative (e.g., fragility curves, monetary loss estimates) tools. 

4) Capacity Building and Policy Integration: Training programs and 
policy guidelines must be developed to translate scientific findings into 
actionable strategies for planners, engineers, and disaster managers, 
especially at the local governance level. 
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