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Abstract
Landslide dams, created when rapid mass movements block river channels, are strongly 
influenced by hydrological conditions of the upstream catchment. The formation and long-
term stability of landslide dams are closely linked to hydrological factors such as stream-
flow, lake area, water level and precipitation. Conversely, the formation of these dams 
changes upstream and downstream hydrological regimes such as water storage, sediment 
transport and flooding risk. Since the previous reviews by Costa and Schuster, (1988) and 
Korup, (2002), several review articles have focused on the formation and failure mecha-
nism of landslide dams (e.g., Fan et al. 2020; Zheng et al. 2021). These reviews have 
mainly focused on geomorphological factors of dams and their formation. However, the 
hydrological processes around and within the landslide dam are crucial for the behavior 
of landslide dams, the downstream hydrology and potential flash flood risks. Therefore, 
there is an urgent need to study hydrological processes upstream and within landslide 
dams in order to better predict landslide dam stability, up- and downstream consequences. 
Streamflow (inflow and outflow), precipitation and snowmelt, water level, dammed lake 
area, lake volume, water balance, surface runoff, erosion, sedimentation, and water storage 
capacity are key factors for assessing the behavior of landslide dams. This review analyzes 
the current state of knowledge on hydrological processes influencing the evolution, and 
failure of landslide dams. It further examines the role of remote sensing and modelling 
techniques in assessing hydrological factors where field data are scarce.
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1  Introduction

Landslide dams are natural barriers formed when large-scale blockages, such as rock ava-
lanches, landslides, or debris flows obstruct the course of a river (Chen et al. 2021; Fan 
et al. 2020; N.-X. Shi et al. 2023; Yang et al. 2021; Zheng et al. 2021). The formation of 
a landslide dam is not an unusual event, inventories show thousands of cases worldwide, 
but only a fraction have been studied in detail (Costa and Schuster, 1988; Fan et al. 2020). 
Several recent events, including 2005 Kashmir earthquake, 1999 Chi-Chi earthquake, 2008 
Wenchuan earthquake, and 2009 Morakot typhoon in Taiwan, have led to the formation of 
numerous landslide dams (Dai et al. 2005; Hussain et al. 2009; Lin et al. 2004; Wu et al. 
2014). The stability and potential failure of these dams pose significant risks to downstream 
areas, as a sudden dam failure can lead to catastrophic flooding and widespread destruc-
tion. A historical example is the catastrophic failure of a landslide dam on the Daru River 
in China in 1786, which resulted in a flood extending 1400 km downstream and causing 
100,000 fatalities (Dai et al. 2005; Wang et al. 2015). A recent example is the Attabad land-
slide dam, formed in 2010 in northern Pakistan after a massive slope failure. It blocked the 
Hunza River, killed 20 people and submerged several villages (Chen et al. 2017; Li et al. 
2024a, b, c). These examples highlight the importance of understanding the factors that 
control the stability, formation and failure of landslide dams.

Costa and Schuster (1988) reported that 50% of the landslide dams fail within 10 days 
of formation. However, dams can also break long after their formation. Kummer dammed-
lake in South Tyrol, Italy, failed after 370 years of formation, resulting in loss of lives and 
destruction in the city of Merano (Shafieiganjeh et al. 2022). The stability of a landslide 
dam depends on many interacting factors, including the dam’s geometry, volume, and mate-
rial composition, as well as the physical setting of the valley (Hongchun et al. 2014; Hu et 
al. 2015; Mahdi 2021; Zhang et al. 2024a, b). Previous research has developed a range of 
empirical and geomorphological indices to evaluate the stability (Ermini and Casagli 2003; 
Shi et al. 2023; Tacconi Stefanelli et al. 2015a). Such indices are mostly limited to geomor-
phologic information, and they do not consider the role of dynamic factors such as hydro-
logical processes. The formation and failure of landslide dams cannot be solely attributed to 
geological or geomorphological factors.

While substantial progress has been made in understanding geomorphological and 
mechanical aspects of landslide dam stability, the role of hydrological factors remains 
underexplored. Rainfall, snowmelt, or glacier melt control the rate at which a dammed 
lake fills and thus determine the water level exerting pressure on the dam. Hydrological 
processes also control seepage, piping and erosion which can internally weaken the dam 
material (Chen et al., 2019). All these factors collectively contribute to pore pressure, water 
absorption rate, and erosion potential (Peng et al., 2012; Takayama and Imaizumi, 2023; 
Xue et al., 2021). In addition, extreme meteorological events such as prolonged rainfall or 
sudden snowmelt can cause increased inflows that exceed the capacity of the dam to safely 
retain water (Zheng et al. 2021). However, in most studies, hydrology enters only indirectly, 
often through proxies such as catchment area or rough climate classification. As a result, 
hydrological processes are generally underrepresented in dam stability assessment. This gap 
leaves hazard assessments incomplete: it may be possible to estimate the dam’s geometry, 
but without a realistic representation of hydrology, the probability of failure remains highly 
uncertain. In short, hydrology is a key element determining whether a landslide dam fails 
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or persists and consequently determines the societal risk both upstream and downstream 
the dam. Additionally, most landslide dams take place in data scarce regions, such as high 
mountain regions. In-situ hydrometeorological data are scarce and often fragmented or fun-
damentally difficult to measure (high mountain snowfall and melt). This complicates the 
hydrological analysis of the catchments in which the landslide dams have formed.

This situation raises a fundamental question: can hydrological proxies be improved using 
new sources of hydrology-related information? Remote sensing provides opportunities to 
monitor lake area, lake volume, and sometimes inflow characteristics in ungauged catch-
ments (Abad et al. 2022; Li et al. 2024a, b, c; Zou et al. 2022). Hydrological and hydraulic 
models, combined with remotely sensed data, can simulate water balance and evaluate dif-
ferent failure scenarios. Moreover, understanding how climate change will affect upstream 
hydrology through changes in rainfall intensity, snowpack, glaciers, and vegetation cover 
can help improve the assessment of stability. These developments offer important pathways 
to explore the dynamic nature of dammed catchments by integrating hydrological informa-
tion into the evaluation of landslide dam hazards.

The aim of this review is to critically examine how the influence of upstream catch-
ment hydrology on the stability and failure of landslide dams has been investigated so far. 
Previous reviews have mostly focused on geomorphological, geological, and geotechni-
cal aspects, while the hydrological dimension has remained largely overlooked (Fan et al. 
2020; Zheng et al. 2021). Here, we analyze how hydrological factors can be incorporated, 
either directly or indirectly, into landslide dam research. By comparing these approaches, 
we identify the main limitations that have hindered a clear understanding of the water-
driven processes controlling dam behavior. A literature search conducted using the Scopus 
database identified 470 records, of which 235 studies were included in this review. These 
studies were analyzed to examine existing studies about hydrological processes controlling 
landslide dam formation, evolution, stability, and failure. The review also highlights how 
recent advances in remote sensing, global reanalysis products, and hydrological modelling 
can help overcome existing data gaps. Through this synthesis, we aim to outline a clearer 
hydrological framework for future studies on landslide dam hazards and their response to 
changing climatic and environmental conditions.

2  Methodology

A comprehensive literature search was conducted using the Scopus database to identify stud-
ies related to landslide dams and their hydrological characteristics. A search string includ-
ing terms such as “landslide dams”, “natural dams”, and “dammed lakes” was developed 
to capture relevant publications from 2010 onwards (Fig. 1). The search was performed 
on 23 August 2024 and initially identified 470 records. The retrieved articles were then 
screened manually based on their relevance to landslide dams, dammed lakes, hydrological 
processes, stability assessment, monitoring, and failure mechanisms. Following this screen-
ing process, 235 studies were identified as highly relevant and were used as the primary 
literature base for this review. Additional relevant references were obtained through citation 
tracking of key publications.
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3  Formation and stability of landslide dams from geomorphologic and 
geotechnical perspective

Several hydrological and geological processes can combine to create a landslide dam (Fan 
et al. 2020; Strom et al. 2014). These processes are important in landslide dam formation, 
most of which appear to take place in fault zones primarily due to tectonic influences. The 
major triggering factors leading to landslide dam formation are earthquakes and extreme 
rainfall (Fig. 2a), while other processes such as glacial retreat, snowmelt or volcanic activ-
ity are less frequent (Costa and Schuster, 1988; Dai et al. 2005; Ermini and Casagli 2003; 
Fan et al. 2020; Li et al. 2019). According to a recent study conducted by Fan et al. (2020), 
a natural dam can be formed by six types of landslide phenomena including (1) rockslides, 
(2) volcanic mass movements, (3) debris flows, (4) unconsolidated sediments, (5) debris 
avalanches, (6) complex and transforming landslides (Fig. 2b).

Recently, several studies (Fan et al. 2020; Morgenstern et al. 2024; Shen et al. 2020; 
Zheng et al. 2021; Wu et al. 2022) have prepared landslide dam inventories by compiling 
multiple parameters like failure modes, triggering factors and dam volumes. Many of these 
dams collapse quite fast; 7.3% last less than a day, and 11.2% last up to a month. But some 
live much longer, and 20.2% of them do so for more than 20 years.

Observed failure modes of landslide dams (Fig.  3) include overtopping (occurring 
in more than 90% cases), seepage-induced piping and surface erosion, and slope failure 
(Fig. 3c). Overtopping generally occurs when inflow exceeds the storage capacity of the 
lake, leading to erosion of the crest and downstream slope. Rapid surface degradation of 
the dam material after overtopping frequently results in catastrophic failure (Hu et al. 2015; 
Meng et al. 2025; Zhang et al. 2024a, b). This may occur because of extreme precipitation or 
snowmelt, and an abrupt rise in river discharge. Piping arises where intense seepage causes 

Fig. 1  Literature search and study selection workflow used for identifying and screening publications 
related to landslide dams and their hydrological characteristics
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internal erosion, with water infiltrating preferentially along internal pathways, gradually 
enlarging them until collapse occurs (Dhungana and Wang 2019; Okeke and Wang 2016). 
This process is especially dangerous in fine-grained material dams. Surface erosion may 
result from spillway flow or prolonged seepage through weak zones. Slope failure may 
involve either upstream or downstream dam face and is caused by pore pressure variations 
within the dam’s body due to rapid water level changes. Each of these mechanisms depends 
not only on dam’s geometry and on the physical properties of the material constituting the 
dam, but also on hydrological forcing.

Geomorphological research have proposed several empirical indices to evaluate land-
slide dam stability (Table  1). Swanson et al. (1986) related dam persistence to the ratio 
between dam volume and catchment size, assuming that the larger dams in smaller catch-
ments are more stable. Casagli and Ermini (1999) emphasized the role of valley width and 
landslide velocity, suggesting that rapid failures in narrow valleys create more confined and 
stable dams. Building on these approaches, Ermini and Casagli (2003) proposed a geomor-
phic index that combines dam height, dam volume, and upstream catchment area. Similar 
indices and empirical classifications have been proposed by later studies (Chang and Zhang 
2010; Takayama and Imaizumi 2023), to provide first-order evaluation of dam stability in 
the absence of hydrological data. Although such indices are useful, they remain static as 
they do not consider temporal hydrological variations. To include the influence of water, 
Tacconi Stefanelli et al. (2016) developed Hydromorphic Dam Stability Index (HDSI) by 
integrating discharge, fluid density, and gravity. This represents one of the first attempts to 
bridge the gap between geomorphology and hydrology in dam stability assessment. How-

Fig. 2  a Triggering factors of landslides that led to the formation of dams (Shen et al. 2020; Zheng et al. 
2021), b landslide types responsible for dam formation (410 cases) (Fan et al. 2020), c types of failures in 
reported (144 cases) landslide dam failure events (Zheng et al. 2021), d life span of landslide dams (410 
cases) (Fan et al. 2020)
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ever, geomorphic assessments may suggest that a dam is stable, while it may be vulnerable 
to failure under extreme hydrological conditions.

Geotechnical research has seen significant advancements to improve landslide dam sta-
bility analysis and hazard assessment. Particle size distribution (PSD) has emerged as a 
key parameter to characterize material properties, affecting dam texture, permeability, and 
overall stability. Dams formed by rock avalanches often consist of coarse blocky debris 
with high permeability, which may favor rapid seepage but also reduce the likelihood of 
overtopping (Dunning et al. 2005; Weidinger 2011). From field surveys, Gorum et al. (2011) 
observed that landslide dams composed of unconsolidated fine materials have lower stabil-
ity than those composed of rock boulders, owing to different erosional resistance capacity, 
dam strength and permeability determined by the composition materials. The degree of sort-
ing, layering, and internal structure of the landslide deposit further affects stability (Zhang 
et al. 2024a, b). Heterogeneous deposits with weak layers of contrasting permeability are 
prone to internal erosion and piping (Li et al. 2024a). Mechanical strength and hydrau-
lic conditions also play a role (Kiyota et al. 2011; Wang et al. 2012; Zhang et al. 2024a, 

Fig. 3  Schematic representation of failure mechanisms, a Seepage, occurs when water from barrier lake 
infiltrates through porous materials of the dam, due to persistent seepage flow internal erosion channels 
(pipes) develop through the dam body, b Slope failure, where instability of the dam material causes slid-
ing along a failure surface within the dam body, c Overtopping, where the rising water level in the lake 
exceeds the dam crest and the flow over the dam body may initiate downstream breach
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b). Cohesion, friction angle, and compaction influence how the dam resists shear failure 
(Mkilima 2022), while consolidation over time can increase stability.

Efforts have been made to incorporate geotechnical factors into empirical models to pre-
dict dam stability, such as logistic regression methods that combine dam geometry and 
material characteristics, though validation remains limited (Dong et al. 2011; Shi et al. 
2023). To improve quantitative assessment, new indices like the Material-based Morpho-
logical Index (MMI) have been proposed (Liao et al. 2022), integrating dam geometry, 
PSD, and impounded water properties for evaluating landslide dam stability. Zhou et al. 
(2019a, b) applied the discrete element method (DEM) to analyze the particle distribution 
within landslide dam deposits and observed that a longer sliding path, higher base friction 
coefficient, and gentler slope gradient increase the heterogeneity of particle arrangement 
in the dam body. Furthermore, the Dam Composition Index (DCI) has been introduced to 
systematically quantify the gradation of landslide dam material (Feng et al. 2025). In addi-
tion, another dimensionless parameter D⁎ is proposed by Zhou et al. (2025) to quantify the 
material distribution. These geotechnical indices face significant limitations due to material 
data scarcity from heterogeneous natural dams, as material properties have been often con-
sidered to be of secondary importance compared to dominant geomorphological controls on 
dam stability (Shi et al. 2023).

Although geomorphologic and geotechnical indices are useful for a first assessment of 
landslide dam stability, they do not capture the full picture, as they do not consider the 
dynamic effects of hydrological processes. As a result, geomorphic assessments may sug-
gest that a dam is stable, while it may be vulnerable to failure under extreme hydrological 
conditions. This is the case, for example, of the landslide dam of Ram Creek (New Zealand), 
that was considered stable according to geomorphic indices but failed after a few hours of 
intense rain (Nash et al., 2008).

Table 1  Details of some geomorphological empirical indices used to evaluate landslide dam stability
Study Name Variables considered Purpose
Swanson et al. (1986) Blockage index (BI) Dam volume, drainage basin 

area
Relationship be-
tween dam size and 
inflow potential

Casagli and Ermini 
(1999)

Impoundment index (II) Landslide volume, lake 
volume

Empirical stability 
evaluation

Ermini and Casagli 
(2003)

Dimensionless blockage 
index (DBI)

Dam height, dam volume, 
catchment area

Stability evaluation

Chang and Zhang 
(2010)

– Dam volume, lake area, 
inflow proxies

Classification of 
dam persistence

Tacconi Stefanelli et al. 
(2016)

Hydromorphic dam stabil-
ity index (HDSI)

Discharge, fluid density, 
gravity

Stability evaluation

Feng et al. (2025) Dam composition index 
(DCI)

PSD, grading parameters Gradation and com-
position of landslide 
dam material.

Liao et al. (2022) Material-based morpho-
logical index (MMI)

Grain size distribution, dam 
volume, height, width

Stability evaluation
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4  Upstream catchment hydrology

Hydrology of the upstream catchment plays a major role in the evolution, stability, and 
potential failure of landslide dams. Inflow from rainfall, snowmelt, glacier melt, or ground-
water directly controls the rate at which a lake forms and fills behind the barrier, deter-
mining the water loading on the dam (Fig.4 ). Unlike geomorphological and geotechnical 
factors, which are largely static, hydrological processes are dynamic and can change rapidly 
in response to seasonal conditions. As a result, hydrology is often the triggering force that 
shifts a landslide dam from a stable to an unstable state. 

Although rarely investigated explicitly, the physical link between upstream catchment 
hydrology and landslide dam stability shows clearly through several studies. Dong et al. 
(2009) showed the importance of historical peak flow for landslide dam stability assessment 
through discriminant analysis on a data set of 43 landslide dams in Japan. A similar result 
was obtained by the same authors with logistic regression (Dong et al. 2011). Cencetti and 
Di Matteo (2022) showed how a potentially unstable landslide dam in Italy did not fail in a 
period of high river flows thanks to a pre-existing hydropower by-pass that diverted 80% of 
the peak flow. With a Bayesian analysis, Frigerio Porta et al. (2020) showed that upstream 
catchment area, together with dam shape, controls the lifetime of landslide dams. A similar 
result was obtained by Shi et al. (2023), that pointed out that dam morphology and catch-
ment area are the two major factors affecting dam longevity, while dam material played a 

Fig. 4  Schematic representation of hydrological processes in a landslide-dammed catchment. Key hy-
drological components such as rainfall, snowfall, snowmelt, groundwater recharge, spring flow, surface 
runoff, and evapotranspiration are shown. These processes interact within the modified catchment system 
formed due to the landslide-induced blockage of river flow
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minor role. Shafieiganjeh et al. (2022) showed that geomorphic indices based on catchment 
ruggedness predicted the evolution of landslide dams and lakes with little uncertainty. The 
important role of hydrological factors on landslide dam stability has been recently con-
firmed by several studies with machine learning and deep learning models (e.g., Huang 
et al. 2025; Lee et al. 2014). However, availability of field data on river discharge is still 
limited, and the quantitative evaluation of the effects of inflow conditions on dam failure is 
still mostly carried out with small scale flume experiments (e.g.Dhungana and Wang 2019; 
Li et al. 2024b, 2025; Liu et al. 2025; Luo et al. 2025; Niu et al. 2023; Zhou M., 2019a, 
2019b) and numerical models (e.g., Hu et al. 2015; Meng et al. 2025; Zhang et al. 2024a, 
b; Zhong et al. 2020).

All kinds of dam failure mechanisms described in Sect. 3 are activated by high water 
levels in the lake. Hence, the water balance of upstream catchment is crucial, as surface and 
subsurface runoff, and evapotranspiration determine the availability of water in the lake. 
The relationship between inflows and outflows is crucial to maintain a stable water level 
in the dammed lake. The higher the snowmelt and precipitation, the greater the lake inflow 
will be. Outflow can occur in several ways like natural spillways and seepage (e.g., Cencetti 
et al. 2017), and controlled releases (Li et al. 2024a, b, c). Real time monitoring of water 
storage of the dam is important to have a better understanding of the situation and activating 
emergency plans.

Recent advancements in remote sensing and hydrology have made it easier to monitor 
the water balance of dammed catchments (Abad et al. 2022; Li et al. 2024a, b, c; Senay 
et al. 2011). Landslide dams are often formed in remote mountainous areas where data 
scarcity is a major issue (Korup and Tweed 2007). Several satellite and reanalysis datasets 
exist and have proven effective for monitoring ungauged catchments to support water bal-
ance analysis (Abatzoglou et al. 2018; Gbetkom et al. 2024; Jamal et al. 2025; Shrestha and 
Nepal 2019). Satellite imagery can also be used to estimate the surface area and volume of 
dammed lakes, providing valuable information on storage dynamics. Furthermore, recent 
developments in radar technologies such as Sentinel-1 (SAR), SWOT, and other satellite 
altimetry techniques have been introduced (Huang et al. 2024; Le Traon et al. 2025), which 
can be used to measure the discharge and water surface elevation of dammed lakes. Hydro-
meteorological variables can also be accessed and compared through multiple data sources. 
Some remote sensing products can provide snow fraction and snowmelt data, and datasets 
are also available on glacier mass balance. Integrating all these technologies can improve 
water balance assessment in ungauged dammed catchments. Complete details of the avail-
able remote sensing products and their potential applications are given in Table 2.

Considering the limited availability of input data required for hydrological modelling of 
landslide dam catchments, lumped models, such as the Budyko framework (Budyko 1958; 
Zhang et al. 2008) and GR6J (Perrin et al. 2003; Pushpalatha et al. 2011), can be effectively 
used to explain the hydrological processes occurring upstream of the dam (Park et al. 2025; 
Shazil et al. 2025). Reliable hydrological modeling relies on meteorological inputs but in 
many mountainous catchments ground observations are sparse or completely absent. These 
inputs can be obtained from both global reanalysis products and General Circulation Mod-
els (GCMs). Reanalysis datasets combine observations with numerical weather prediction 
models, making them suitable for historical and near-real-time hydrological monitoring. 
In contrast, GCMs simulate future climate conditions and can be used to investigate the 
impacts of climate change on hydrological regimes. Nevertheless, both datasets are subject 
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to uncertainties related to spatial resolution and topographic complexities, therefore reduc-
ing these uncertainties are equally important for increasing the reliability of landslide dam 
stability predictions.

The Attabad landslide dam in northern Pakistan shows the importance of considering 
hydrological processes in landslide dam stability. Although the dam was initially considered 
highly vulnerable due to its size and large catchment, it is still stable after more than 16 
years. Along with the spillway excavation, a major factor contributing to dam persistence is 
the hydrological regime of the upper Karakoram catchment, where precipitation is relatively 
low and mainly falls as snow. The gradual release of meltwater reduces extreme discharge 
peaks and limits overtopping potential, clearly showing how upstream catchment hydrology 
can affect dam stability.

5  Hydrological drivers of dam stability

The hydrologic controls governing landslide dam evolution are case-specific and cannot 
be generally attributed to a single variable or process. Unlike geomorphological condi-
tions, which remain relatively constant after dam formation, hydrological conditions are 
highly dynamic and directly influence dam stability and potential failure mechanisms. 
Their importance depends on the interaction between upstream catchment characteristics, 
regional climate, dam shape and material, and dominant failure mechanism. In humid catch-
ments, extreme precipitation may increase inflow and trigger overtopping, while in snow-
dominated catchments seasonal snow and glacier melt control long term reservoir filling and 
dam stability. In arid and semi-arid regions, prolonged dam persistence may be favored by 
limited precipitation, although high discharge peaks may occasionally occur during extreme 
precipitation events. In the same way, seepage and internal erosion are more important 

Table 2  Remote sensing datasets and technologies supporting hydrological monitoring of upstream catch-
ments influencing landslide dam formation and stability
Hydrological process Product Sensor Spatial–temporal 

resolution
Precipitation GPM, TRMM, ERA5-Land, 

CHIRPS
Microwave / reanalysis 0.1°–0.25°, 

30 min–daily
Evapotranspiration MOD16, TerraClimate, 

ERA5-Land
MODIS / multi-source 
fusion

500 m–0.25°, 
8-day–monthly

Soil moisture SMAP, ASCAT, ESA CCI Microwave L-band / 
scatterometer

9–25 km, 
daily–weekly

Snow cover and melt MOD10A1 (MODIS), Sentinel-2 
MSI, Landsat-8/9 OLI

Optical / NIR 10–500 m, daily–16 
days

Glacier melt ICESat-2, GRACE-FO, Senti-
nel-1 SAR

Laser altimeter / gra-
vimetry / radar

20–300 m (altim-
etry), ~ 300 km 
(GRACE), 6–30 days

Surface water extent Sentinel-1/2, Landsat Series Radar / optical 3–30 m, 6–16 days
Lake volume 
estimation

Landsat + DEM Integration, 
Sentinel-2, ICESat-2

Optical + elevation 10–30 m, 10–35 days

Lake water level ICESat-2, CryoSat-2, Sentinel-3 
SRAL, Jason-3

Laser / radar altimeter ~ 20–300 m foot-
print, 10–35 days

Catchment runoff GRACE-FO, ERA5-Land, 
GLDAS

Gravimetry / 
reanalysis

0.1°–1°, 
daily–monthly
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potential failure mechanisms for permeable dams. This case-dependent behavior explains 
why landslide dams with similar dimensions and shape may exhibit different lifetimes and 
failure patterns.

Hydrological factors such as snowmelt, rainfall and river discharge contribute to hydrau-
lic mechanisms like seepage and overtopping (Fig. 4). The hydrology of the upstream catch-
ment controls the amount and timing of water entering the lake that forms behind a landslide 
dam. The rate at which this water accumulates determines the water level and the pressure 
acting on the dam body. These factors are directly linked to whether a dam remains stable 
or fails. However, the role of hydrology has often been simplified in previous studies and 
treated only through indirect indicators (Huang et al. 2025; Meng et al. 2025; Zhang et al. 
2024a, b). Rainfall is the most direct and important factor influencing inflow. Intense or 
prolonged rainfall events can rapidly increase runoff from the upstream catchment (Dunning 
et al. 2006; Nash et al., 2008) and raise the lake level to the dam crest. Such conditions may 
also trigger secondary landslides into the lake, producing waves that overtop the dam (e.g., 
Hermanns et al. 2004). Despite this, many existing studies only consider average rainfall 
conditions or use broad climatic categories, which fail to represent short-term extremes that 
usually cause failure.

Snowmelt and glacier melt also play a critical role, especially in high mountain regions. 
During warm periods or sudden temperature rises, snow and glacier melt can generate large 
inflows within a short period. These inflows often occur with a delay after the triggering 
event, which makes them difficult to predict. In several reported cases, stable dams failed 
months or even years later due to exceptional meltwater inflows (Evans et al. 2011; Ruiz-
Villanueva et al. 2017). Yet, most stability assessments ignore these delayed hydrological 
effects and treat dam formation and failure as single events.

Catchment size and physical characteristics also influence the hydrological response 
(Liao et al. 2022). Larger and steeper catchments tend to generate higher runoff peaks, but 
the relationship is not always linear. Factors such as vegetation, land cover, and soil type 
affect infiltration and the timing of runoff. Still, many studies use catchment area as the 
only hydrological parameter, assuming it represents inflow potential. This simplification 
often leads to uncertainty, since two catchments of similar size may behave very differently 
depending on their climatic and topographic setting. Existing approaches rarely capture this 
variability and instead rely on indirect indicators that cannot represent actual inflow or water 
level fluctuations (Fig. 5).

Recent studies use satellite data to estimate changes in lake area and volume. For exam-
ple, Li et al. 2024a, b, c; Zou et al. (2022) applied satellite imagery to measure the size and 
height of landslide dams and to estimate the volume of the dammed lakes. Abad et al. (2022) 
used Sentinel-2 images in Google Earth Engine to detect and monitor new lakes formed 
after the Kaikōura earthquake in New Zealand. They found that such methods can quickly 
map and show how a lake expands or shrinks over time. A recent study by Shen et al. (2020) 
estimated landslide dam longevity by dividing it into infilling, overflowing, and breach-
ing stages. Regression models based on inflow rate, discharge coefficient, and lake shape 
coefficient showed that dam longevity is mainly governed by hydrological factors, with 
rainfall-induced dams exhibiting shorter lifespans due to high inflow and fine-grained mate-
rial. In another studyZhou et al. 2019a, b; Meng et al. (2025) simulated dam failures using 
laboratory and numerical models, focusing on how inflow discharge and erosion processes 
affect the peak of the outburst flood. These studies confirm that the amount and timing of 
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inflow are critical factors in dam stability. Lee et al. (2014) presented a more data-driven 
method, using real-time hydrological observations and neural networks to detect abnormal 
flow changes that may indicate dam formation or failure.

Available literature indicates that no single hydrological parameter or process can reli-
ably help predict landslide dam stability in different environments. Effectiveness of stabil-

Fig. 5  Conceptual hydrological framework linking climatic drivers, catchment response, lake dynamics, 
and failure mechanisms controlling landslide dam stability
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ity assessments depends on integrating multiple hydrological variables rather than relying 
on oversimplified hydrological proxies such as catchment area or average annual rainfall. 
Recent advances in hydrometeorological remote sensing and data driven approaches pro-
vide opportunities to investigate the role of dynamic hydrological variables in landslide dam 
monitoring (Table 3).

6  Climate change impact on landslide dam stability

Climate change is expected to modify the hydrology of mountain catchments where most 
landslide dams occur. In many mountainous regions climate change is expected to increase 
the intensity and frequency of rainfall and snowmelt extremes, leading to increasing land-
slide occurrence (Bernardie et al. 2021; Clague 2009; Fan et al. 2025; Hürlimann et al. 
2022) that can block rivers and also alter the hydrology. These changes will influence inflow 
magnitude, timing, and the internal moisture conditions that control dam stability. Existing 
work rarely combines climate projections with hydrology or stability models. Most analyses 
still use simplified rainfall scenarios. Using downscaled future climate projections with pro-
cess based hydrological models can quantify how changing water input can alter dammed 
lakes and failure probabilities.

Climate change can also influence the other factors of water balance like snowmelt, gla-
cier retreat and permafrost degradation. Warming temperatures lead to rapid snowmelts 
and glacier retreats which can influence runoff timings. Such shifts in timing may result in 
lake level peaks occurring sooner after dam formation, increasing the risk of early failure. 
Glacier retreat can also expose new valley walls and debris sources, creating conditions 
for future landslide dams (Haeberli et al. 2017; Jamal et al. 2025; Korup and Tweed 2007). 
Meltwater from glaciers may accelerate lake filling or destabilize existing dams through 
increased seepage. Recent studies show the effects of climate change on landslide suscepti-
bility (e.g., Hürlimann et al. 2022; Roman Quintero et al. 2026).

Vegetation dynamics under changing climate affect runoff and infiltration, with possible 
influence on landslide occurrence. Increase in vegetation cover may increase evapotranspi-
ration and reduce surface runoff, while deforestation or vegetation loss (due to drought or 
wildfires) can enhance runoff generation. These changes can alter the timing and volume of 
inflow to dammed lakes, influencing the probability of overtopping or erosion. However, 
vegetation responses are spatially variable, and their influence on hydrology is still poorly 
studied in the context of landslide dams.

Table 3  Relative importance, data availability, and operational relevance of hydrological variables used in 
landslide dam monitoring and stability assessment.
Hydrological variable Role Monitoring priority Data availability
Water level Direct control of overtopping High Moderate
Streamflow Controls reservoir filling High Moderate
Precipitation Main hydrological trigger High High
Snowmelt/glacier melt Seasonal inflow control Medium Moderate
Lake area/Volume Indicates reservoir evolution Medium High
Sedimentation Long-term evolution Low-Medium Low
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Climate change acts mainly through hydrological processes that influence existing fail-
ure modes. Table 4 shows the potential influence of climate change on failure mechanisms 
of landslide dams.

7  Conclusions and future recommendations

The importance of hydrological analysis in evaluating the stability of landslide dams is 
increasingly recognized despite most advancements still fall in geomorphological and geo-
technical domains. This review highlights key hydrological processes that play a substan-
tial role in the behavior of landslide dams. There are several limitations in landslide dam 
research including lack of hydrological data, limitations in real time monitoring, lack of 
standardization in hydrological modelling and limited use of satellite data. To address these 
limitations, the present review provides future recommendations to consider hydro-clima-
tological variables, remote sensing techniques for monitoring surface area and water level 
variations of dammed lakes, integration of physical and machine learning models, conduct-
ing field work to collect continuous data for validation purposes and updating landslide 
dam inventories by adding hydrological information of existing landslide dams. Research 
on hydrological analysis of landslide dams is critically important for early warning systems 
and for reducing the impact of disasters following dam failures. While significant progress 
has been made over the past years in analyzing the characteristics of landslide dams, a com-
prehensive quantification and relative importance of hydrological factors influencing dam 
stability and failure processes remains challenging. To understand the role of hydrology on 
landslide dams the following future recommendations should be considered.

1.	 Future studies should emphasize monitoring key hydrological parameters like landslide 
dammed lake area, lake volume, and estimating the inflows and outflows associated with 
dammed lakes. Continuous assessment of these parameters can provide more accurate 
and dynamic understanding of dam behavior and trends in water budget. Field measure-
ments should be regularly carried out to monitor the seasonal variations in water level 
and the impact of extreme precipitation and snowmelt events.

2.	 Remote sensing techniques can be valuable in assessing the key parameters in data 
scarce regions. Remote sensing products should be utilized to assess hydrometeoro-
logical parameters such as potential evapotranspiration, snowmelt, surface runoff, tem-
perature, precipitation and terrestrial water storage. These parameters are important in 
calculating water balance of dammed lakes as well as in predicting flooding or drought 
events. Future climate projections should also be used to evaluate future scenarios and 
the impact of changing hydrology on landslide dams.

Table 4  Failure mechanisms and their potential impacts by climate change
Failure mechanism Affected hydrological component Expected climate influence
Overtopping Extreme rainfall and earlier 

snowmelt
Higher peak inflow and rapid lake 
filling

Piping / Seepage Groundwater, infiltration Greater internal saturation and erosion
Surface erosion Discharge variability Enhanced scour and dam degradation
Long-term persistence Seasonal water balance Unpredictable inflow and prolonged 

wet periods
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3.	 The potential of combining Physically based hydrological models with machine learning 
models should be explored to improve the assessment of river runoff and sediment trans-
port. While physical models provide a comprehensive analysis of natural processes even 
with limited information, machine learning models, that may help identify complex pat-
terns and forecast the stability and failure mechanisms of landslide dams, require exten-
sive data sets for their training. In any case, machine learning models should include 
satellite and reanalysis data, geotechnical and geomorphological information along with 
hydrological parameters to enhance the reliability of results.

4.	 Current global landslide dam inventories lack hydrological information useful to esti-
mate lake volume, inflows, and outflows. It would be crucial to document this informa-
tion for old landslide dams. Adding these parameters to global inventories would allow 
improvement of risk and vulnerability assessment of landslide dams.

While several numerical models have been created to simulate hydrological processes of 
landslide dams, field data is still crucial to validate the consistency of these models. Field-
work focused on collecting information on discharge and sediment dynamics, infiltration 
rates, dam composition and structure should be given top priority in future studies. This 
data will enable more accurate forecasts and evaluations by numerical models. These mod-
els cannot reflect the evolution process efficiently and are also deficient in consideration of 
the factors underlying landslide dam failure. Significant improvements need to be made to 
enhance the performance of these numerical models.

Acknowledgements  This research is part of the PhD project of M.S. Shazil entitled “Remote sensing and 
modelling for the assessment of hydrological factors affecting the stability of landslide dams” within the 
Doctoral Course “Science and Engineering for the Environment and the Sustainability” of Università degli 
Studi della Campania “Luigi Vanvitelli”.

Funding  Open access funding provided by Università degli Studi della Campania Luigi Vanvitelli within the 
CRUI-CARE Agreement.

Declarations

Conflict of interest  The authors declare that they have no conflict of interest.

Open Access   This article is licensed under a Creative Commons Attribution 4.0 International License, 
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as 
you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons 
licence, and indicate if changes were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. 
If material is not included in the article’s Creative Commons licence and your intended use is not permitted 
by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the 
copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

Abad L, Hölbling D, Spiekermann R, Prasicek G, Dabiri Z, Argentin A-L (2022) Detecting landslide-
dammed lakes on Sentinel-2 imagery and monitoring their spatio-temporal evolution following the 
Kaikōura earthquake in New Zealand. Sci Total Environ 820:153335. ​h​t​t​p​s​​:​/​/​d​o​i​​.​o​r​g​/​​1​0​.​1​​0​1​6​/​j​.​s​c​i​t​o​t​e​
n​v​.​2​0​2​2​.​1​5​3​3​3​5​​​​​​​

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.scitotenv.2022.153335
https://doi.org/10.1016/j.scitotenv.2022.153335


1 3

  620   Page 16 of 20 Natural Hazards         (2026) 122:620 

Abatzoglou JT, Dobrowski SZ, Parks SA, Hegewisch KC (2018). TerraClimate, a high-resolution global 
dataset of monthly climate and climatic water balance from 1958–2015. Sci Data 5(1):170191. ​h​t​t​p​s​:​/​/​
d​o​i​.​o​r​g​/​1​0​.​1​0​3​8​/​s​d​a​t​a​.​2​0​1​7​.​1​9​1​​​​​​​

Bernardie S, Vandromme R, Thiery Y, Houet T, Grémont M, Masson F, Grandjean G, Bouroullec I (2021) 
Modelling landslide hazards under global changes: the case of a Pyrenean valley. Nat Hazards Earth 
Syst Sci 21:147–169. https://doi.org/10.5194/nhess-21-147-2021

Budyko MI (1958) The heat balance of the earth’s surface. U.S. Department of Commerce, Weather Bureau
Casagli N, Ermini L (1999) Geomorphic analysis of landslide dams in the Northern Apennine. ​h​t​t​p​s​:​/​/​f​l​o​r​e​.​

u​n​i​f​i​.​i​t​/​h​a​n​d​l​e​/​2​1​5​8​/​2​0​6​2​0​1​​​​​​​
Cencetti C, Di Matteo L (2022) Mitigation measures preventing floods from landslide dams: analysis of pre– 

and post–hydrologic conditions upstream a seismic–induced landslide dam in Central Italy. Environ 
Earth Sci 81:403. https://doi.org/10.1007/s12665-022-10515-5

Cencetti C, Di Matteo L, Romeo S (2017) Analysis of Costantino landslide dam evolution (Southern Italy) 
by means of satellite images, aerial photos, and climate data. Geosciences 7:30. ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​0​.​3​3​9​
0​/​g​e​o​s​c​i​e​n​c​e​s​7​0​2​0​0​3​0​​​​​​​

Chang DS, Zhang LM (2010) Simulation of the erosion process of landslide dams due to overtopping con-
sidering variations in soil erodibility along depth. Nat Hazards Earth Syst Sci 10(4):933–946. ​h​t​t​p​s​:​/​/​d​
o​i​.​o​r​g​/​1​0​.​5​1​9​4​/​n​h​e​s​s​-​1​0​-​9​3​3​-​2​0​1​0​​​​​​​

Chávez-Collantes A, Vásquez Lozano DJ, Velarde-Apaza LD, Cuevas J-P, Solórzano R, Flores-Marquez R 
(2025) Influence of vegetation cover and soil properties on water infiltration: a study in high-andean 
ecosystems of Peru. Water 17(15):2280. https://doi.org/10.3390/w17152280

Chen C, Li H, Chen J, Zhang J, Zhang L, Tang X (2021) Overtopping and flood routing process of landslide 
dams consisted of ice-soil mixtures: a preliminary study. J Hydrol null(null). ​h​t​t​p​s​​:​/​/​d​o​i​​.​o​r​g​/​​1​0​.​1​​0​1​6​/​j​.​
j​h​y​d​r​o​l​.​2​0​2​1​.​1​2​7​2​5​2​​​​​​​

Chen K-T, Chen X-Q, Hu G-S, Kuo Y-S, Chen H-Y (2019) Effects of river flow velocity on the formation 
of landslide dams. Journal of Mountain Science 16(11):2502–2518. ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​0​.​1​0​0​7​/​s​1​1​6​2​9​-​0​1​
8​-​5​3​1​9​-​1​​​​​​​

Chen X, Cui P, You Y, Cheng Z, Khan A, Ye C, Zhang S (2017) Dam-break risk analysis of the Attabad 
landslide dam in Pakistan and emergency countermeasures. Landslides 14(2):675–683. ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​
1​0​.​1​0​0​7​/​s​1​0​3​4​6​-​0​1​6​-​0​7​2​1​-​7​​​​​​​

Clague JJ (2009) Climate change and slope instability. In Sassa K, Canuti P (eds) Landslides: disaster risk 
reduction. Springer, pp 557–572. https://doi.org/10.1007/978-3-540-69970-5_29

Costa JE, Schuster RL (1988) The formation and failure of natural dams. GSA Bull 100(7):1054–​1​0​6​8​.​​​h​t​t​p​s​
:​/​/​d​o​i​.​o​r​g​/​1​0​.​1​1​3​0​/​0​0​1​6​-​7​6​0​6​(​1​9​8​8​)​1​0​0​%​3​C​1​0​5​4​:​T​F​A​F​O​N​%​3​E​2​.​3​.​C​O​;​2​​​​ 

Dai FC, Lee CF, Deng JH, Tham LG (2005) The 1786 earthquake-triggered landslide dam and subsequent 
dam-break flood on the Dadu River, southwestern China. Geomorphology 65(3–4):205–221. ​h​t​t​p​s​​:​/​/​d​o​
i​​.​o​r​g​/​​1​0​.​1​​0​1​6​/​j​.​g​e​o​m​o​r​p​h​.​2​0​0​4​.​0​8​.​0​1​1​​​​​. Scopus

Dal Sasso SF, Sole A, Pinzón AB, Medina V, Mirauda D, Volpe Plantamura A, Giosa L, Guariglia A (2015) 
Analysis of river bed dynamic evolution following a landslide dam. Houille Blanche 6:88–95. ​h​t​t​p​s​:​/​/​d​
o​i​.​o​r​g​/​1​0​.​1​0​5​1​/​l​h​b​/​2​0​1​5​0​0​7​3​​​​​​​

Dhungana P, Wang F (2019) The relationship among the premonitory factors of landslide dam failure caused 
by seepage: an experimental study. Geoenviron Disasters 6(1):17. ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​0​.​1​1​8​6​/​s​4​0​6​7​7​-​0​1​
9​-​0​1​3​5​-​7​​​​​​​

Dong J-J, Tung Y-H, Chen C-C, Liao J-J, Pan Y-W (2009) Discriminant analysis of the geomorphic charac-
teristics and stability of landslide dams. Geomorphology 110:162–171. ​h​t​t​p​s​​:​/​/​d​o​i​​.​o​r​g​/​​1​0​.​1​​0​1​6​/​j​.​g​e​o​m​
o​r​p​h​.​2​0​0​9​.​0​4​.​0​0​4​​​​​​​

Dong J-J, Tung Y-H, Chen C-C, Liao J-J, Pan Y-W (2011) Logistic regression model for predicting the failure 
probability of a landslide dam. Eng Geol 117(1):52–61. https://doi.org/10.1016/j.enggeo.2010.10.004

Dunning SA, Petley DN, Rosser NJ, Strom AL (2005) The morphology and sedimentology of valley confined 
rock-avalanche deposits and their effect on potential dam hazard. Landslide Risk Management. CRC

Dunning SA, Rosser NJ, Petley DN, Massey CR (2006) Formation and failure of the Tsatichhu landslide 
dam, Bhutan. Landslides 3(2):107–113. https://doi.org/10.1007/s10346-005-0032-x

Ermini L, Casagli N (2003) Prediction of the behaviour of landslide dams using a geomorphological dimen-
sionless index. Earth Surf Proc Land 28(1):31–47. https://doi.org/10.1002/esp.424

Evans SG, Delaney KB, Hermanns RL, Strom A, Scarascia-Mugnozza G (2011) The formation and behav-
iour of natural and artificial rockslide dams; implications for engineering performance and hazard man-
agement. In Evans SG, Hermanns RL, Strom A, Scarascia-Mugnozza G (eds) Natural and Artificial 
Rockslide Dams. Springer, pp 1–75 https://doi.org/10.1007/978-3-642-04764-0_1

Fan L, Kuang X, Ouyang C, Chen K, Zheng C (2025) Climatic controls on hydrological landslide triggering 
in the Northern Himalayas. Water Resour Res 61(2):e2024WR039611. ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​0​.​1​0​2​9​/​2​0​2​4​W​
R​0​3​9​6​1​1​​​​​​​

https://doi.org/10.1038/sdata.2017.191
https://doi.org/10.1038/sdata.2017.191
https://doi.org/10.5194/nhess-21-147-2021
https://flore.unifi.it/handle/2158/206201
https://flore.unifi.it/handle/2158/206201
https://doi.org/10.1007/s12665-022-10515-5
https://doi.org/10.3390/geosciences7020030
https://doi.org/10.3390/geosciences7020030
https://doi.org/10.5194/nhess-10-933-2010
https://doi.org/10.5194/nhess-10-933-2010
https://doi.org/10.3390/w17152280
https://doi.org/10.1016/j.jhydrol.2021.127252
https://doi.org/10.1016/j.jhydrol.2021.127252
https://doi.org/10.1007/s11629-018-5319-1
https://doi.org/10.1007/s11629-018-5319-1
https://doi.org/10.1007/s10346-016-0721-7
https://doi.org/10.1007/s10346-016-0721-7
https://doi.org/10.1007/978-3-540-69970-5_29
https://doi.org/10.1130/0016-7606(1988)100%3C1054:TFAFON%3E2.3.CO;2
https://doi.org/10.1130/0016-7606(1988)100%3C1054:TFAFON%3E2.3.CO;2
https://doi.org/10.1016/j.geomorph.2004.08.011
https://doi.org/10.1016/j.geomorph.2004.08.011
https://doi.org/10.1051/lhb/20150073
https://doi.org/10.1051/lhb/20150073
https://doi.org/10.1186/s40677-019-0135-7
https://doi.org/10.1186/s40677-019-0135-7
https://doi.org/10.1016/j.geomorph.2009.04.004
https://doi.org/10.1016/j.geomorph.2009.04.004
https://doi.org/10.1016/j.enggeo.2010.10.004
https://doi.org/10.1007/s10346-005-0032-x
https://doi.org/10.1002/esp.424
https://doi.org/10.1007/978-3-642-04764-0_1
https://doi.org/10.1029/2024WR039611
https://doi.org/10.1029/2024WR039611


1 3

Page 17 of 20    620 Natural Hazards         (2026) 122:620 

Fan X, Dufresne A, Siva Subramanian S, Strom A, Hermanns R, Tacconi Stefanelli C, Hewitt K, Yunus AP, 
Dunning S, Capra L, Geertsema M, Miller B, Casagli N, Jansen JD, Xu Q (2020) The formation and 
impact of landslide dams: state of the art. Earth Sci Rev 203:103116. ​h​t​t​p​s​​:​/​/​d​o​i​​.​o​r​g​/​​1​0​.​1​​0​1​6​/​j​.​e​a​r​s​c​i​r​
e​v​.​2​0​2​0​.​1​0​3​1​1​6​​​​​​​

Feng Z, Zhou J, Yang X, Tan L, Liao H (2025) Prediction of landslide dam stability and influencing factors 
analysis. Eng Geol 350:108021. https://doi.org/10.1016/j.enggeo.2025.108021

Frigerio Porta G, Bebbington M, Xiao X, Jones G (2020) Bayesian lifetime analysis for landslide dams. 
Landslides 17:1835–1848. https://doi.org/10.1007/s10346-020-01388-5

Gbetkom PG, Crétaux J-F, Biancamaria S, Blazquez A, Paris A, Tchilibou M, Gal L, Kitambo B, Jucá 
Oliveira RA, Gosset M (2024) Lake Tanganyika basin water storage variations from 2003–2021 for 
water balance and flood monitoring. Remote Sens Appl: Soc Environ 34:101182. ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​0​.​1​0​
1​6​/​j​.​r​s​a​s​e​.​2​0​2​4​.​1​0​1​1​8​2​​​​​​​

Gorum T, Fan X, van Westen CJ, Huang RQ, Xu Q, Tang C, Wang G (2011) Distribution pattern of earth-
quake-induced landslides triggered by the 12 May 2008 Wenchuan earthquake. Geomorphology 
133(3):152–167. https://doi​.org/10.101​6/j.geomorp​h.2010.1​2.030

Haeberli W, Schaub Y, Huggel C (2017) Increasing risks related to landslides from degrading permafrost into 
new lakes in de-glaciating mountain ranges. Geomorphology 293:405–417. ​h​t​t​p​s​​:​/​/​d​o​i​​.​o​r​g​/​​1​0​.​1​​0​1​6​/​j​.​g​
e​o​m​o​r​p​h​.​2​0​1​6​.​0​2​.​0​0​9​​​​​​​

Hermanns RL, Niedermann S, Ivy-Ochs S, Kubik PW (2004) Rock avalanching into a landslide-dammed lake 
causing multiple dam failure in Las Conchas valley (NW Argentina): evidence from surface exposure 
dating and stratigraphic analyses. Landslides 1(2):113–122. https://doi.org/10.1007/s10346-004-0013-5

Hongchun Z, Linrui L, Jianhuin D (2014) Cause analysis and stability evaluation of Halaowo landslide in 
Xiangjiaba reservoir. Electron J Geotech Eng 19(Y):8741–8750

Hu XW, Luo G, Lv JL, Hu YY, Liang JX, Fang L (2015) Seepage stability and dam-breaking mode of Tangji-
ashan Barrier dam induced by the Wenchuan earthquake. Engineering geology for society and territory, 
vol. 2. Landslide Processes. Springer International Publishing. ​h​t​t​p​s​​:​/​/​d​o​i​​.​o​r​g​/​​1​0​.​1​​0​0​7​/​9​7​8​-​3​-​3​1​9​-​0​9​0​
5​7​-​3​_​2​0​3​​​​​​​

Huang Z, Bai Y, Liu H, Lin Y (2025) Multiscale feature modeling and interpretability analysis of the SHAP 
method for predicting the lifespan of landslide dams. Appl Sci 15(5):2305. ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​0​.​3​3​9​0​/​a​p​
p​1​5​0​5​2​3​0​5​​​​​​​

Huang Z, Sun R, Wang H, Wu X (2024) Trends and innovations in surface water monitoring via satellite 
altimetry: a 34-year bibliometric review. Remote Sens 16(16):2886. https://doi.org/10.3390/rs16162886

Hürlimann M, Guo Z, Puig–Polo C, Medina V (2022) Impacts of future climate and land cover changes on 
landslide susceptibility: regional scale modelling in the Val d’Aran region (Pyrenees, Spain). Landslides 
19:99–118. https://doi.org/10.1007/s10346-021-01775-6

Hussain A, Yeats RS, MonaLisa (2009) Geological setting of the 8 October 2005 Kashmir earthquake. J 
Seismolog 13(3):315–325. https://doi.org/10.1007/s10950-008-9101-7

Jamal M, Tiantian G, Li F, Liu Y (2025) Glacial retreat and climate change: insights from remote sensing tech-
nologies. Environ Sci Pollut Res 32(25):15034–15049. https://doi.org/10.1007/s11356-025-36578-y

Kiyota T, Sattar A, Konagai K, Kazmi ZA, Okuno D, Ikeda T (2011) Breaching failure of a huge landslide 
dam formed by the 2005 Kashmir earthquake. Soils Found 51(6):1179–1190. ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​0​.​3​2​0​8​/​
s​a​n​d​f​.​5​1​.​1​1​7​9​​​​​​​

Korup O (2002) Recent research on landslide dams—A literature review with special attention to New Zea-
land. Progress in Physical Geography: Earth and Environment 26(2):206–235. ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​0​.​1​1​9​1​
/​0​3​0​9​1​3​3​3​0​2​​​​ pp333ra

Korup O, Tweed F (2007) Ice, moraine, and landslide dams in mountainous terrain. Q Sci Rev 26(25):3406–
3422. https://doi.org/10.1016/j.quascirev.2007.10.​​012

Le Traon P-Y, Dibarboure G, Lellouche J-M, Pujol M-I, Benkiran M, Drevillon M, Drillet Y, Faugère Y, 
Remy E (2025) Satellite altimetry and operational oceanography: From Jason-1 to SWOT. Ocean Sci 
21(4):1329–1347. https://doi.org/10.5194/os-21-1329-2025

Lee S-P, Chen Y-C, Shieh C-L, Kuo Y-S (2014) Using real-time abnormal hydrology observations to identify 
a river blockage event resulted from a natural dam. Landslides 11:1007–1017. ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​0​.​1​0​0​7​
/​s​1​0​3​4​6​-​0​1​3​-​0​4​4​1​-​1​​​​​​​

Li H-B, Li X-W, Ning Y, Jiang S-F, Zhou J-W (2019) Dynamical process of the Hongshiyan landslide 
induced by the 2014 Ludian earthquake and stability evaluation of the back scarp of the remnant slope. 
Bull Eng Geol Environ 78(3):2081–2092. https://doi.org/10.1007/s10064-018-1233-6

Li X, Chen Q, Liu Z, Chen C (2024a) Spatial nonuniformity of landslide dam deposition and its quantitative 
characterization. Nat Hazards 120(1):581–599. https://doi.org/10.1007/s11069-023-06227-z

Li X, Nishio M, Sugawara K, Iwanaga S, Shimada T, Kanasaki H, Kanai H, Zheng S, Chun Pj (2024b) 
Enhancing prediction of landslide dam stability through AI models: A comparative study with tradi-
tional approaches. Geomorphology 454:109120. https://doi​.org/10.101​6/j.geomorp​h.2024.1​09120

https://doi.org/10.1016/j.earscirev.2020.103116
https://doi.org/10.1016/j.earscirev.2020.103116
https://doi.org/10.1016/j.enggeo.2025.108021
https://doi.org/10.1007/s10346-020-01388-5
https://doi.org/10.1016/j.rsase.2024.101182
https://doi.org/10.1016/j.rsase.2024.101182
https://doi.org/10.1016/j.geomorph.2010.12.030
https://doi.org/10.1016/j.geomorph.2016.02.009
https://doi.org/10.1016/j.geomorph.2016.02.009
https://doi.org/10.1007/s10346-004-0013-5
https://doi.org/10.1007/978-3-319-09057-3_203
https://doi.org/10.1007/978-3-319-09057-3_203
https://doi.org/10.3390/app15052305
https://doi.org/10.3390/app15052305
https://doi.org/10.3390/rs16162886
https://doi.org/10.1007/s10346-021-01775-6
https://doi.org/10.1007/s10950-008-9101-7
https://doi.org/10.1007/s11356-025-36578-y
https://doi.org/10.3208/sandf.51.1179
https://doi.org/10.3208/sandf.51.1179
https://doi.org/10.1191/0309133302
https://doi.org/10.1191/0309133302
https://doi.org/10.1016/j.quascirev.2007.10.012
https://doi.org/10.5194/os-21-1329-2025
https://doi.org/10.1007/s10346-013-0441-1
https://doi.org/10.1007/s10346-013-0441-1
https://doi.org/10.1007/s10064-018-1233-6
https://doi.org/10.1007/s11069-023-06227-z
https://doi.org/10.1016/j.geomorph.2024.109120


1 3

  620   Page 18 of 20 Natural Hazards         (2026) 122:620 

Li Y, Yang H, Qi Y, Ye W, Cao G, Wang Y (2024c) Changes in the hydrological characteristics of the Attabad 
landslide-dammed Lake on the Karakoram highway. Water 16(5):714. ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​0​.​3​3​9​0​/​w​1​6​0​5​
0​7​1​4​​​​​​​

Li Z, Ma P, Han N, Jiao Q, Chen L, Ran L, Jia Z, Zhao L, Nan J, Peng J (2025) The failure modes and evolu-
tion process of loess landslide dams via flume tests. Landslides 22(7):2443–2459. ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​0​.​1​
0​0​7​/​s​1​0​3​4​6​-​0​2​5​-​0​2​4​9​7​-​9​​​​​​​

Liao H, Yang X, Lu G, Tao J, Zhou J (2022) A geotechnical index for landslide dam stability assessment. 
Geomatics Nat Hazards Risk 13(1):854–876. https://doi​.org/10.108​0/19475705.​2022.204​8906

Lin C-W, Shieh C-L, Yuan B-D, Shieh Y-C, Liu S-H, Lee S-Y (2004) Impact of Chi-Chi earthquake on the 
occurrence of landslides and debris flows: example from the Chenyulan River watershed, Nantou, Tai-
wan. Eng Geol 71(1):49–61. https://doi.org/10.1016/S0013-7952(03)00125-X

Liu Z, Chen Q, Wang C, Zhou C, Li X, Chen C (2025) Experimental investigation on failure processes and 
characteristics of landslide dams with different inflow conditions. Sci Rep 15(1):7546. ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​
1​0​.​1​0​3​8​/​s​4​1​5​9​8​-​0​2​5​-​8​9​4​6​4​-​5​​​​​​​

Luo H, Zhou GGD, Lu X, Cui KFE, Zhao Y, Xie Y, Zhong W, Zhou J, Pasuto A (2025) Experimental investi-
gation on the formation and failure of landslide dams considering the landslide mobility and river flow. 
Eng Geol 346:107873. https://doi.org/10.1016/j.enggeo.2024.107873

Mahdi KS (2021) A review: the tectonic perspective and seismic response of Darbandikhan dam stability and 
potential solutions. In A. S.A, A.-F. B.F, A.-J. H.J, H. K.O, W. H.A (eds) IOP Conference Series: Earth 
and Environmental Science, vol. 790. IOP Publishing Ltd. https://doi​.org/10.108​8/1755-1315​/790/1/0​
12018

Meng H, Zhang X, Wang D (2025) Numerical simulation of landslide dam overtopping failure considering 
the headcut erosion process. J Hydrol Eng 30(3):05025007. ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​0​.​1​0​6​1​/​J​H​Y​E​F​F​.​H​E​E​N​G​-​6​
3​8​8​​​​​​​

Mkilima T (2022) The impact of soil cohesiveness on earth-fill dam stability under rapid drawdown. ​h​t​t​p​s​​:​/​/​
d​o​i​​.​o​r​g​/​​1​0​.​2​​0​9​4​4​/​P​R​E​P​R​I​N​T​S​2​0​2​2​0​6​.​0​2​8​2​.​V​1​​​​​​​

Morgenstern R, Wolter A, Cox SC, Lukovic B, Bain D, Sirohi A, Bruce Z, Jones K, Rosser B, Townsend D, 
Massey C (2024) The New Zealand landslide dam database, v1.0. Landslides 21(1):121–134. ​h​t​t​p​s​:​/​/​d​
o​i​.​o​r​g​/​1​0​.​1​0​0​7​/​s​1​0​3​4​6​-​0​2​3​-​0​2​1​3​3​-​4​​​​​​​

Nash T, Bell D, Davies T, Nathan S (2008) Analysis of the formation and failure of Ram Creek landslide 
dam, South Island, New Zealand. NZ J Geol Geophys 51:187–193. ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​0​.​1​0​8​0​/​0​0​2​8​8​3​0​0​
8​0​9​5​0​9​8​5​9​​​​​​​

Niu Z, Meng C, Xu W, Di B, Long Y, Yang H (2023) Experimental study on whole process of river blockage 
and dam break under different hydrodynamic conditions. Front Earth Sci 10:977246. ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​0​
.​3​3​8​9​/​f​e​a​r​t​.​2​0​2​2​.​9​7​7​2​4​6​​​​​​​

Okeke AC-U, Wang F (2016) Hydromechanical constraints on piping failure of landslide dams: an experi-
mental investigation. Geoenvironmental Disasters 3(1):4. https://doi.org/10.1186/s40677-016-0038-9

Ortiz-Giraldo L, Botero BA, Vega J (2023) An integral assessment of landslide dams generated by the occur-
rence of rainfall-induced landslide and debris flow hazard chain. Front Earth Sci 11:1157881. ​h​t​t​p​s​:​/​/​d​
o​i​.​o​r​g​/​1​0​.​3​3​8​9​/​f​e​a​r​t​.​2​0​2​3​.​1​1​5​7​8​8​1​​​​​​​

Park J, Sung JH, Seo Y-H, Kim B-S (2025) Applicability of the daily hydrological models (GR4J, GR5J, and 
GR6J) in the South Korean basins. Sci Rep 15(1):31912. https://doi.org/10.1038/s41598-025-16429-z

Peng, M., Zhang, L., & Huang, R. (2012). Risk Analysis of Tangjiashan Landslide Dam. 2192–2201 ​h​t​t​p​s​:​/​/​
d​o​i​.​o​r​g​/​1​0​.​1​0​6​1​/​4​1​0​9​5​(​3​6​5​)​2​2​2​​​​ 

Perrin C, Michel C, Andréassian V (2003) Improvement of a parsimonious model for streamflow simulation. 
J Hydrol 279:275–289. https://doi.org/10.1016/S0022-1694(03)00225-7

Pushpalatha R, Perrin C, Le Moine N, Mathevet T, Andréassian V (2011) A downward structural sensitivity 
analysis of hydrological models to improve low-flow simulation. J Hydrol 411:66–76. ​h​t​t​p​s​​:​/​/​d​o​i​​.​o​r​g​/​​1​
0​.​1​​0​1​6​/​j​.​j​h​y​d​r​o​l​.​2​0​1​1​.​0​9​.​0​3​4​​​​​​​

Roman Quintero DC, van der Ent R, Bogaard T, Greco R (2026) Climate change may increase landslide 
frequency despite generally drier conditions in the Mediterranean area. ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​0​.​5​1​9​4​/​e​g​u​s​p​h​e​
r​e​-​2​0​2​5​-​5​8​2​6​​​​​. Preprint egusphere-2025-5826

Ruiz-Villanueva V, Allen S, Arora M, Goel NK, Stoffel M (2017) Recent catastrophic landslide lake outburst 
floods in the Himalayan mountain range. Prog Phys Geogr 41(1):3–28. ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​0​.​1​1​7​7​/​0​3​0​9​1​
3​3​3​1​6​6​5​8​6​1​4​​​​​​​

Senay GB, Leake S, Nagler PL, Artan G, Dickinson J, Cordova JT, Glenn EP (2011) Estimating basin scale 
evapotranspiration (ET) by water balance and remote sensing methods. Hydrol Process 25(26):4037–
4049. https://doi.org/10.1002/hyp.8379

https://doi.org/10.3390/w16050714
https://doi.org/10.3390/w16050714
https://doi.org/10.1007/s10346-025-02497-9
https://doi.org/10.1007/s10346-025-02497-9
https://doi.org/10.1080/19475705.2022.2048906
https://doi.org/10.1016/S0013-7952(03)00125-X
https://doi.org/10.1038/s41598-025-89464-5
https://doi.org/10.1038/s41598-025-89464-5
https://doi.org/10.1016/j.enggeo.2024.107873
https://doi.org/10.1088/1755-1315/790/1/012018
https://doi.org/10.1088/1755-1315/790/1/012018
https://doi.org/10.1061/JHYEFF.HEENG-6388
https://doi.org/10.1061/JHYEFF.HEENG-6388
https://doi.org/10.20944/PREPRINTS202206.0282.V1
https://doi.org/10.20944/PREPRINTS202206.0282.V1
https://doi.org/10.1007/s10346-023-02133-4
https://doi.org/10.1007/s10346-023-02133-4
https://doi.org/10.1080/00288300809509859
https://doi.org/10.1080/00288300809509859
https://doi.org/10.3389/feart.2022.977246
https://doi.org/10.3389/feart.2022.977246
https://doi.org/10.1186/s40677-016-0038-9
https://doi.org/10.3389/feart.2023.1157881
https://doi.org/10.3389/feart.2023.1157881
https://doi.org/10.1038/s41598-025-16429-z
https://doi.org/10.1061/41095(365)222
https://doi.org/10.1061/41095(365)222
https://doi.org/10.1016/S0022-1694(03)00225-7
https://doi.org/10.1016/j.jhydrol.2011.09.034
https://doi.org/10.1016/j.jhydrol.2011.09.034
https://doi.org/10.5194/egusphere-2025-5826
https://doi.org/10.5194/egusphere-2025-5826
https://doi.org/10.1177/0309133316658614
https://doi.org/10.1177/0309133316658614
https://doi.org/10.1002/hyp.8379


1 3

Page 19 of 20    620 Natural Hazards         (2026) 122:620 

Shafieiganjeh R, Ostermann M, Schneider-Muntau B, Gems B (2022) Assessment of the landslide dams in 
Western Austria, Bavaria and Northern Italy (part of the Eastern Alps): Data inventory development 
and application of geomorphic indices. Geomorphology 415:108403. ​h​t​t​p​s​​:​/​/​d​o​i​​.​o​r​g​/​​1​0​.​1​​0​1​6​/​j​.​g​e​o​m​o​
r​p​h​.​2​0​2​2​.​1​0​8​4​0​3​​​​​​​

Shazil MS, Bogaard T, Damiano E, Marino P, Aleem M, Greco R (2025) Hydrological modelling of a land-
slide-dammed ungauged catchment in a snowy region. In: Proceedings of the 5th annual meeting of 
mediterranean geoscience union (MedGU), 10–13 November 2025, Athens, Greece, in press

Shen D, Shi Z, Peng M, Zhang L, Jiang M (2020) Longevity analysis of landslide dams. Landslides 
17(8):1797–1821. https://doi.org/10.1007/s10346-020-01386-7

Shi N, Li Y, Wen L, Zhang Y, Zhang H (2023) Longevity prediction and influencing factor analysis of land-
slide dams. Eng Geol 327:107334. https://doi.org/10.1016/j.enggeo.2023.107334

Shrestha S, Nepal S (2019) Water balance assessment under different glacier coverage scenarios in the Hunza 
Basin. Water 11(6):1124. https://doi.org/10.3390/w11061124

Strom A, Havenith H-B, Wang F (2014) Introduction: natural dams and landslides in reservoirs. Landslide 
science for a safer geoenvironment, vol. 3. Targeted Landslides. Springer International Publishing. 
https://doi.org/10.1007/978-3-319-04996-0_91

Swanson F, Oyagi N, Tominaga M (1986) Landslide dams in Japan. ​h​t​t​p​s​​:​/​/​w​w​w​​.​s​e​m​a​​n​t​i​c​​s​c​h​o​l​​a​r​.​o​r​g​​/​p​a​p​e​​r​/​
L​a​​n​d​s​l​i​d​e​-​D​a​m​s​-​i​n​-​J​a​p​a​n​-​S​w​a​n​s​o​n​-​O​y​a​g​i​/​5​0​d​3​e​c​b​1​8​9​e​c​4​d​7​2​4​7​7​4​5​7​f​a​f​1​6​4​a​9​e​b​8​9​7​2​d​6​1​7​​​​​​​

Tacconi Stefanelli C, Catani F, Casagli N (2015a) Geomorphological investigations on landslide dams. 
Geoenviron Disasters 2(1):21. https://doi.org/10.1186/s40677-015-0030-9

Tacconi Stefanelli C, Segoni S, Casagli N, Catani F (2016) Geomorphic indexing of landslide dams evolu-
tion. Eng Geol 208:1–10. https://doi.org/10.1016/j.enggeo.2016.04.024

Takayama S, Imaizumi F (2023) Effects of coarse particles on downstream face erosion processes and out-
flow discharge during the overtopping of a landslide dam. Landslides 20(2):351–366. ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​
0​.​1​0​0​7​/​s​1​0​3​4​6​-​0​2​2​-​0​1​9​7​3​-​w​​​​​​​

Wang B, Zhang T, Zhou Q, Wu C, Chen Y, Wu P (2015) A case study of the Tangjiashan landslide dam-break. 
J Hydrodynamics Ser B 27(2):223–233. https://doi.org/10.1016/S1001-6058(15)60476-0

Wang Z, Cui P, Yu G, Zhang K (2012) Stability of landslide dams and development of knickpoints. Environ 
Earth Sci 65(4):1067–1080. https://doi.org/10.1007/s12665-010-0863-1

Weidinger JT (2011) Stability and Life Span of Landslide Dams in the Himalayas (India, Nepal) and the Qin 
Ling Mountains (China). In Evans SG, Hermanns RL, Strom A, Scarascia-Mugnozza G (eds) Natural 
and artificial rockslide dams. Springer, pp 243–277 https://doi.org/10.1007/978-3-642-04764-0_8

Wu C-H, Chen S-C, Feng Z-Y (2014) Formation, failure, and consequences of the Xiaolin landslide dam, 
triggered by extreme rainfall from Typhoon Morakot, Taiwan. Landslides 11(3):357–367. ​h​t​t​p​s​:​/​/​d​o​i​.​o​
r​g​/​1​0​.​1​0​0​7​/​s​1​0​3​4​6​-​0​1​3​-​0​3​9​4​-​4​​​​​​​

Wu H, Trigg MA, Murphy W, Fuentes R (2022) new global landslide dam database (RAGLAD) and analysis 
utilizing auxiliary global fluvial datasets. Landslides 19:555–572. ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​0​.​1​0​0​7​/​s​1​0​3​4​6​-​0​2​
1​-​0​1​8​1​7​-​z​​​​​​​

Xue R, Zhang X, Cai Y, Wang M, Deng Q, Zhang H, Kawaike K (2021) Numerical simulation of landslide 
dam overtopping failure considering headward erosion. Journal of Hydrology 601:126608. ​h​t​t​p​s​​:​/​/​d​o​i​​.​
o​r​g​/​​1​0​.​1​​0​1​6​/​j​.​j​h​y​d​r​o​l​.​2​0​2​1​.​1​2​6​6​0​8​​​​​​​

Yang M, Zhong Q, Mei S, Shan Y (2021) Influences of spillway section morphologies on landslide dam 
breaching. Front Earth Sci 9:799742. https://doi.org/10.3389/feart.2021.799742

Zhang J, Yang X, Fan G, Li H, Zhou J (2024a) Physical and numerical modeling of a landslide dam breach 
and flood routing process. J Hydrol 628:130552. https://doi​.org/10.101​6/j.jhydrol​.2023.13​0552

Zhang L, Potter N, Hickel K, Zhang Y, Shao O (2008) Water balance modeling over variable time scales 
based on the Budyko framework: model development and testing. J Hydrol 360(1):117–131. ​h​t​t​p​s​:​/​/​d​o​
i​.​o​r​g​/​1​0​.​1​0​​​1​6​/​j​.​j​h​y​d​r​o​l​.​2​0​0​8​.​0​7​.​0​2​1​​​​​​​

Zhang Q, Chen Q, Wan L, Li X, Zhou Y, Cheng Q (2024b) Research progress in methods for the analysis of 
the internal stability of landslide dam soils. Appl Sci (Switzerland) 14(15):6702. ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​0​.​3​3​
9​0​/​a​p​p​1​4​1​5​6​7​0​2​​​​​​​

Zheng H, Shi Z, Shen D, Peng M, Hanley KJ, Ma C, Zhang L (2021) Recent advances in stability and failure 
mechanisms of landslide dams. Front Earth Sci 9:659935. https://doi.org/10.3389/feart.2021.659935

Zhong Q, Chen S, Shan Y (2020) Prediction of the overtopping-induced breach process of the landslide dam. 
Eng Geol 274:105709. https://doi.org/10.1016/j.enggeo.2020.105709

Zhou M, Zhou GGD, Cui KFE, Song D, Lu X (2019a) Influence of inflow discharge and bed erodibility on 
outburst flood of landslide dam. J Mt Sci 16(4):778–792. https://doi.org/10.1007/s11629-018-5312-8

Zhou Y, Shi Z, Zhang Q, Liu W, Peng M, Wu C (2019b) 3D DEM investigation on the morphology and 
structure of landslide dams formed by dry granular flows. Eng Geol 258:105151. ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​0​.​1​0​
1​6​/​j​.​e​n​g​g​e​o​.​2​0​1​9​.​1​0​5​1​5​1​​​​​​​

https://doi.org/10.1016/j.geomorph.2022.108403
https://doi.org/10.1016/j.geomorph.2022.108403
https://doi.org/10.1007/s10346-020-01386-7
https://doi.org/10.1016/j.enggeo.2023.107334
https://doi.org/10.3390/w11061124
https://doi.org/10.1007/978-3-319-04996-0_91
https://www.semanticscholar.org/paper/Landslide-Dams-in-Japan-Swanson-Oyagi/50d3ecb189ec4d72477457faf164a9eb8972d617
https://www.semanticscholar.org/paper/Landslide-Dams-in-Japan-Swanson-Oyagi/50d3ecb189ec4d72477457faf164a9eb8972d617
https://doi.org/10.1186/s40677-015-0030-9
https://doi.org/10.1016/j.enggeo.2016.04.024
https://doi.org/10.1007/s10346-022-01973-w
https://doi.org/10.1007/s10346-022-01973-w
https://doi.org/10.1016/S1001-6058(15)60476-0
https://doi.org/10.1007/s12665-010-0863-1
https://doi.org/10.1007/978-3-642-04764-0_8
https://doi.org/10.1007/s10346-013-0394-4
https://doi.org/10.1007/s10346-013-0394-4
https://doi.org/10.1007/s10346-021-01817-z
https://doi.org/10.1007/s10346-021-01817-z
https://doi.org/10.1016/j.jhydrol.2021.126608
https://doi.org/10.1016/j.jhydrol.2021.126608
https://doi.org/10.3389/feart.2021.799742
https://doi.org/10.1016/j.jhydrol.2023.130552
https://doi.org/10.1016/j.jhydrol.2008.07.021
https://doi.org/10.1016/j.jhydrol.2008.07.021
https://doi.org/10.3390/app14156702
https://doi.org/10.3390/app14156702
https://doi.org/10.3389/feart.2021.659935
https://doi.org/10.1016/j.enggeo.2020.105709
https://doi.org/10.1007/s11629-018-5312-8
https://doi.org/10.1016/j.enggeo.2019.105151
https://doi.org/10.1016/j.enggeo.2019.105151


1 3

  620   Page 20 of 20 Natural Hazards         (2026) 122:620 

Zhou Y, Shi Z, Zheng H, Xia C (2025) Numerical study on morphology and material spatial distribution of 
landslide dams in different shaped valleys. Geomorphology 478:109727. ​h​t​t​​​​p​​s​:​​/​​/​d​​​o​i​.​o​​r​g​​/​1​​0​.​1​0​1​6​/​j​.​g​e​o​
m​o​r​p​h​.​2​0​2​5​.​1​0​9​7​2​7​​​​​​​

Zou W, Zhou Y, Wang S, Wang F, Wang L, Zhao Q, Liu W, Zhu J, Xiong Y, Wang Z, Qin G (2022) Using a 
single remote-sensing image to calculate the height of a landslide dam and the maximum volume of a 
lake. Nat Hazards Earth Syst Sci 22(6):2081–2097. https://doi.org/10.5194/nhess-22-2081-2022

Publisher’s note  Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

https://doi.org/10.1016/j.geomorph.2025.109727
https://doi.org/10.1016/j.geomorph.2025.109727
https://doi.org/10.5194/nhess-22-2081-2022

	﻿Hydrological perspective of landslide dams: a review
	﻿Abstract
	﻿1﻿ ﻿Introduction
	﻿2﻿ ﻿Methodology
	﻿3﻿ ﻿Formation and stability of landslide dams from geomorphologic and geotechnical perspective
	﻿4﻿ ﻿Upstream catchment hydrology
	﻿5﻿ ﻿Hydrological drivers of dam stability
	﻿6﻿ ﻿Climate change impact on landslide dam stability
	﻿7﻿ ﻿Conclusions and future recommendations
	﻿References


