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ABSTRACT:: Landslide-flash-flood-debtis-flow cascades pose a major hazard in Central
Vietnam, where steep terrain, intense rainfall, and human disturbance interact to amplify
disaster risk. This study systematically reviews the triggering mechanisms, spatial
characteristics, rainfall conditions, impacts, and modelling approaches associated with this
multi-hazard cascade. Following the PRISMA 2020 framework, 85 documents published
during 2000-2025 were selected from Scopus, Web of Science, and Google Scholar and
analysed using qualitative synthesis and bibliometric methods. The results show that
landslides, flash floods, and debris flows are closely coupled through catchment
topographic connectivity, with landslides commonly supplying sediment to drainage
networks and extreme rainfall acting as the dominant transient trigger. Steep slopes,
geological weakness, vegetation degradation, and anthropogenic disturbance represent
major preconditioning factors. Reported rainfall thresholds vary substantially among
locations and methods; Reported rainfall thresholds vary substantially among locations
and methods and should therefore not be treated as a universal regional threshold.
Research has increasingly shifted towards GIS, remote sensing, and artificial intelligence,
although data limitations, model interpretability, and cross-hazard integration remain
important gaps. An integrated conceptual framework and three research priorities are
proposed: physics-informed explainable modelling, dynamic rainfall-based early warning,
and standardised long-term multi-hazard databases.

1. INTRODUCTION

Central Vietnam is highly exposed to hydro-geomorphological hazards under a tropical monsoon climate. Its steep and intensely
dissected mountainous terrain, dense drainage network, and active tectonic faulting create highly favourable conditions for the
occurrence of landslides, flash floods, and debris flows. Under ongoing climate change, changes in the intensity and frequency
of extreme rainfall events may further exacerbate slope and catchment instability (Do Quang Thien et al.,, 2014, 2021;
AghaKouchak et al., 2020).

Globally, the concepts of “multi-hazard” and “multi-hazard cascading” have become increasingly prominent in natural-hazard
research and disaster-risk science, receiving substantial attention from international research and policy communities (Kappes
et al., 2012; Gill & Malamud, 2014; Pescaroli & Alexander, 2015; AghaKouchak et al., 2020; UNDRR, 2022; IPCC, 2023). In
Central Vietnam, field evidence indicates that landslides and flash floods-debris flows rarely occur independently; rather, they
may interact sequentially to form cascading hazard chains. Landslide debris can accumulate within stream channels and form
temporary natural dams. When these dams fail under high-flow conditions, the sudden release of water and sediment can

generate debris flows with considerable destructive potential. The 2020-2021 flood season provides a particularly vivid
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illustration of such cascading processes. The landslide disaster at the Rao Trang 3 hydropower site and the subsequent disaster
involving the rescue delegation at Forest Ranger Station No. 67 in Phong Dien District, Thua Thien Hue Province, in October
2020, resulted in 30 fatalities. In the same period, the landslide at Economic-Defence Unit 337 in Huong Hoa, Quang Tri
Province, was recorded as the deadliest single landslide event documented in Vietnam (Pham et al., 2021a, 2021b).

In addition to natural drivers, economic development and engineering activities can amplify hazard risks. Deforestation,
mountain-road expansion, mineral extraction, and hydropower development can disturb hillslope equilibrium and modify
runoff and sediment-transfer processes (Do Quang Thien, 2014; Hoang & Liou, 2024). Concurrently, geohazard research has
undergone a methodological transition from conventional statistical and expert-based approaches towards integrated spatial-
data, remote-sensing, and artificial-intelligence frameworks. Machine-learning and deep-learning approaches are increasingly
applied to hazard susceptibility mapping and forecasting, including Random Forest and explainable XGBoost-SHAP
approaches (Bui et al., 2016; Das et al., 2024; Khan et al., 2025).

Despite the growing body of research on landslides and flash floods-debris flows in Central Vietnam, most existing studies
continue to adopt a single-hazard perspective or focus on individual localities. Consequently, systematic reviews that examine
these processes from an integrated multi-hazard cascading perspective remain relatively scarce. This gap limits a comprehensive
understanding of how individual hazard processes are initiated, interact, and propagate across hillslope-channel-catchment
systems. Against this background, the present study conducts a PRISMA-guided systematic review with three specific aims: (i)
to systematize the triggering mechanisms, spatial-scale characteristics, and rainfall thresholds associated with landslide-flash-
flood-debris-flow cascades in Central Vietnam; (ii) to analyse their impacts and identify prevailing trends in hazard-modelling
approaches; and (iii) to develop an integrated conceptual model and propose priority research directions, thereby providing a

scientific basis for early warning, spatial planning, and disaster risk governance under climate change.
2. METHODOLOGY
2.1. Search Strategy and Document Selection Criteria

This study adopted a systematic review approach for synthesising evidence on multi-hazard processes and disaster-risk
modelling (Kappes et al., 2012). Relevant documents were retrieved from three academic databases-Scopus, Web of Science
(WoS), and Google Scholar-for the period 2000-2025. The literature search employed combinations of Boolean search strings,
including: (“landslide” OR “mass movement”) AND (“flash flood” OR “debris flow”); (“landslide susceptibility” OR “landslide
hazard”) AND “Vietnam”; and (“flash flood” OR “debris flow”) AND (“Central Vietnam” OR “tropical mountainous area”).

Documents were considered eligible for inclusion if they met the following criteria: (i) they were directly relevant to Central
Vietnam or, for comparative purposes, to tropical mountainous regions with broadly comparable hazard-generating conditions;
(ii) they were published through established scholarly or professional outlets, including Scopus- or WoS-indexed journals,
international conference proceedings, theses, and technical reports; (iii) they addressed at least one of the following aspects of
landslides, flash floods, or debris flows: triggering mechanisms, conditioning factors, susceptibility assessment, predictive
modelling, propagation dynamics, or socio-economic impacts; and (iv) they reported quantitative evidence or provided a clearly
described physical or process-based mechanism. Comparative studies outside Central Vietham were used only for
methodological, conceptual, or international-contextual comparison and were not treated as direct evidence for Central Vietnam
rainfall thresholds. Popular-science publications without peer review, duplicate records, and documents lacking sufficient

methodological or empirical information were excluded.
2.2. PRISMA Review Process and Bibliometric Analysis

The systematic review process was conducted in accordance with the PRISMA 2020 guidelines (Page et al., 2021) and comprised
four sequential stages: Identification, Screening, Eligibility, and Inclusion. A total of 186 records were initially retrieved from
the three databases. After removing 48 duplicate records, the remaining documents underwent title and abstract screening,
resulting in the exclusion of a further 36 records that fell outside the scope of the review. Full-text assessment subsequently
excluded 17 records that did not satisfy the predefined methodological or data-quality criteria. Consequently, 85 documents
were retained for the final synthesis (Figure 1).
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Figure 1. PRISMA flow diagram of the systematic literature selection process

In parallel with the qualitative synthesis, bibliometric analysis was conducted using VOSviewer and Bibliometrix (R) based on
the Scopus dataset. The analysis was used to characterise temporal publication trends, the geographic distribution of research
output, and keyword co-occurrence networks. These bibliometric results complemented the qualitative synthesis by providing
an overview of the development, thematic structure, and prevailing research trends in the literature on landslide-flash-flood-
debris-flow cascading hazards.

2.3. Data extraction and evidence synthesis

For each eligible document, information was extracted on study location, hazard type, triggering rainfall characteristics, rainfall
duration, antecedent rainfall, reported rainfall thresholds, topographic and geological conditions, modelling approach, and key
findings. Rainfall thresholds were recorded using the original units and definitions reported in each study and subsequently
harmonised only where the metrics were sufficiently comparable.

Because the reviewed studies differed substantially in rainfall duration, temporal resolution, event definitions, spatial scale, data
sources, and threshold-estimation methods, threshold values were synthesised primarily using ranges and representative values
rather than pooled into a single statistical estimate. A regional range was considered indicative only when comparable values
were reported across multiple independent studies. Accordingly, rainfall ranges reported for selected Central Vietnam locations
are interpreted as evidence-based ranges rather than universal deterministic thresholds.
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scientific basis for multi-hazard assessment and early-warning systems while improving the resilience of mountain communities

and infrastructure in Central Vietnam under a changing climate.
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