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This paper presents and discusses the characteristics, mechanism,

prediction and assessment of submarine geohazards with a special

emphasis on liquefaction, coastal and submarine landslides, and tsu-

namis. Submarine landslide tsunamis are now seen from all geological

environments including passive, convergent and transform margins,

as well as volcanoes. The typhoons/cyclones/hurricanes-induced liq-

uefaction is closely linked with scour and erosion at/around coastal

and marine structures such as offshore wind. The cascading mecha-

nism involving the earthquake-liquefaction-coastal and submarine land-

slides-tsunamis is highlighted, emphasizing the multi-phased physics

of the multi-geohazards. Notably, the critical importance of the dynamics

of liquefied gravity flows in coastal and submarine landslides, land-

slide-induced tsunamis, as well as in high-density turbidity currents is

demonstrated, together with the corresponding predictions and obser-

vations, in light of their devastating consequences on human lives and

critical infrastructures. The paper presents the mitigation concept for a

range of submarine geohazards for offshore wind, showing novel subma-

rine geohazards resistant design concepts for bottom-fixed and floating

offshore winds for a safe sustainable development across the globe.

Introduction

Submarine geohazards are widespread across the globe and impact

people’s lives and critical infrastructures. Submarine geohazards range

from volcano eruption to earthquakes, tsunamis, seabed liquefaction,

seabed creep, submarine slides, turbidity currents, shallow gas erup-

tions, mud volcanoes, and sediment instability such as migrating bed-

forms and scour and erosion around marine and offshore structures.

Submarine landslide tsunamis are now seen from all geological envi-

ronments; passive, convergent and transform margins, as well as vol-

canoes (Tappin and Grilli, 2020; Sassa et al., 2022). Offshore renewable

energy systems are rapidly advancing to meet global requirements for

sustainable development. Underwater fiber optic cables, underwater

power cables, and underwater pipelines have been laid over many

parts of the seafloor, and their importance, either strategic and eco-

nomic, increased dramatically in recent years. However, these marine

and offshore infrastructures are at risk from multiple cascading multi-

geohazards that include landslides, tsunamis, earthquakes, and volca-

nic eruptions (Sassa et al., 2022, 2023; Sassa, 2023a). Due to their

widespread occurrence across the globe, submarine geohazards are a

globally relevant and critical issue to be better addressed in the face of

global climate change.

Numerous offshore and coastal geohazards have been recorded on

plate subduction zones and the transform plate boundaries, including

earthquakes, volcanic eruptions, tsunamis and landslides. For exam-

ple, the 2002 Stromboli volcanic eruptions induced submarine land-

slides, causing a tsunami that damaged local infrastructure (Tinti et

al., 2005). The submarine landslide off Papua-New Guinea in 1998

caused a tsunami that resulted in 2,200 deaths (Tappin et al., 2001).

The Great Alaskan earthquake that took place in Seward and Valdez,

Alaska in 1964 induced submarine landslides and tsunamis that caused

the loss of more than one hundred lives and properties. The Grand

Banks earthquake in 1929 induced submarine landslides, which broke

submarine cables over a distance of 1,000 km from its source (Heezen

and Ewing, 1952; Whelan, 1994). Recent major events include multi-

ple tsunamis caused by coastal and submarine landslides (Sassa and

Takagawa, 2019). Furthermore, seabed soils undergo flows and depo-

sitions repeatedly following various events such as storms, earthquakes,

sediment transport and gravity flows, making seabed soils susceptible

to liquefaction. Case histories, characteristics, and damages of earth-

quake- or wave-induced seabed liquefaction have been documented

by numerous authors (Field et al., 1982; Sassa and Sekiguchi, 1999, 2001;

Sumer and Fredsøe, 2002; Sassa et al., 2006; Sumer, 2014; Miyamoto et

al., 2020). Resultant damages due to the seabed instability include flo-

tation, settlement, and significant displacement/breakage of pipelines

(Christian et al., 1974; Herbich et al., 1984; Damgaard et al., 2006) and

subsidence and inclination/failure of offshore and coastal gravity struc-

tures (Miyamoto et al., 1989; Sumer, 2014; Sassa et al., 2016). Ongoing

and future global climate change is expected to change the severity of

wave conditions at the world’s coasts (Reguero et al., 2019), which

would pose a further risk on offshore renewable energy systems as a

consequence of wave-seabed-structure interaction. 

This paper concisely summarizes the characteristics, mechanism,
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prediction and assessment of submarine geohazards with a special

emphasis on liquefaction, coastal and submarine landslides, and tsu-

namis. The mitigation concept for the bottom-fixed and floating off-

shore wind facilities against such submarine geohazards will then be

presented and discussed in light of some recent advances in under-

standing of the mechanics and physics involved in cascading multi-

geohazards.

Submarine Geohazards with a Special Emphasis

on Liquefaction, Coastal and Submarine Land-

slides, and Tsunamis

Earthquake- and severe ocean wave-induced seabed liquefaction,

coastal and submarine landslides, high-density gravity flow, and deposi-

tion represent large-scale submarine mass movements accompanying

the phase change processes during the course of flowage, as shown in

Fig. 1. Namely, a gravity flow of liquefied sediment is triggered by

significant coastal liquefaction under earthquakes, ocean waves or other

environmental forcings, which is followed by the collapse and flow of

the liquefied soil under gravity (Fig. 1a). It is categorized as a coastal

and submarine landslide that transforms itself into a high-density

gravity flow and subsequently flows out over a long distance, leading

to re-deposition (Fig. 1b, c). The concurrent processes and the dynamics

of liquefied gravity flows are governed by the multi-phased physics

(Sassa and Sekiguchi, 2010, 2012; Sassa, 2024). Indeed, pore water

migration and associated solidification accompanies the process of

flowage leading to redeposition, affecting the dynamics of liquefied

gravity flows (Fig. 1). Namely, a solidified region develops in the course

of flowage, reestablishing a grain-supported framework. The highly

concentrated sediment flows undergo a flow stratification, and the region

above the flow surface is effected by turbulence/vortex and entrainment

of ambient water, since this region contains only dilute sediment clouds

in suspension. Such liquefied gravity flows have a substantial impact

on tsunami generation as well as critical infrastructures as described

below.

The 2018 Indonesia Sulawesi earthquake and tsunami disasters,

which resulted in more than 4,000 fatalities, were cascading disasters

that involved the phenomena of liquefaction, landslides, and tsunamis

(Sassa and Takagawa 2019). The focal mechanism of the earthquake

was strike-slip faulting, being unlikely to produce significant tsuna-

mis, the earthquake in fact caused devastating tsunamis (Sassa and

Takagawa, 2019; Carvajal et al., 2019; Polcari et al., 2019; Sepúlveda

et al., 2020). The fault length of this Mw =7.5 earthquake was over 150

km. It caused extensive liquefaction and liquefaction-induced flow

slides inland where several hundred meters to kilometer scale flow-out

distances were observed. Extensive liquefaction and liquefaction-

induced flow slides took place not only inland but also along the coast,

which resulted in devastating tsunamis (Sassa and Takagawa, 2019).

A notable difference between the 2018 Sulawesi earthquake and

the Haiti earthquake (Hornbach et al., 2010), which shared the same

basic mechanisms involving a strike-slip fault earthquake, liquefac-

tion, coastal and submarine landslides, and tsunami was such that the

liquefaction-induced total collapse and the subsequent flow of coastal

land occurred not only at one place, as in the Haiti earthquake. In the

2018 Sulawesi earthquake, the coastal and submarine landslides as

characterized by liquefied gravity flows took place at least nine places,

simultaneously causing multiple tsunamis throughout the bay and

coastal areas (Sassa and Takagawa, 2019), as shown in Fig. 2. Indeed,

the spatial area of collapse in the Sulawesi earthquake was ten times

greater than that of the Haiti earthquake (Sassa, 2020), whose lique-

faction-induced landslide generated the most severe tsunami locally

Figure 1. Relevant features of liquefied gravity flows (Sassa and Sekiguchi, 2010, 2012; Sassa, 2024). 
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(Hornbach et al., 2010). Comparing the panels E and F in Fig. 2, all

the locations of the multiple tsunami generations, alongshore distribu-

tions and directions conformed to the locations, distributions and direc-

tions where the coastal lands collapsed and flowed due to the occurrence

of liquefaction (Sassa and Takagawa, 2019, Sassa, 2020). Overall, the

integrated use of the multiple field evidence, the state-of-the-art knowl-

Figure 2. a Bathymetry of Palu Bay (Badan Informasi Geospasial 2018) and the locations of major coastal retreat (A–F). b Comparisons of

satellite images before and after the earthquake (A, Sep. 27: CNES/Airbus 2018; A, Oct. 1 and B–F: Digital Globe Open data Program 2018).

Significant coastal retreat areas are indicated by white arrows (No. 1-9). c Aerial photos of multiple tsunami occurrence at the areas E and F,

taken just after the earthquake by Mafella (2018). Interpreted sketches are shown aside. The black arrows indicate tsunami fronts and the

arrows with numbers 7–9 match those with the same numbers in the satellite images of areas E and F in b. White caps of breaking waves are

shown on the land side of the tsunami fronts (Descriptions (blue) added to Fig. 4 in Sassa and Takagawa, 2019).
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edge of liquefied gravity flows, and the comparison with a past disas-

ter involving a strike-slip fault earthquake and tsunami, together with

the analysis of tidal data (Sassa and Takagawa, 2019) demonstrated

that the liquefied gravity flows induced multiple tsunamis, highlight-

ing that both of the 2018 Indonesia Sulawesi earthquake and tsunami

disasters stemmed from liquefaction. This not only shows a critical

role of the cascading mechanisms involving the earthquake, liquefaction,

landslides, and tsunamis, but also indicates the importance of consid-

ering liquefaction risks and taking appropriate measures such as relo-

cation, in light of a rational liquefaction prediction and assessment as

shown in Sassa and Yamazaki (2017) adopted in practice, for mitigat-

ing the impacts of such multi-geohazards in the future.

Large-scale and long-runout liquefied gravity flows caused multiple

devastating tsunamis at the 1923 Great Kanto earthquake as well. The

results of the analysis of the seafloor dynamics in Sagami Bay before

and after the 1923 Great Kanto earthquake (Murata et al., 2024) are

shown in Fig. 3. Here, the blue points show deepening areas (outflow)

and the red points show shallowing areas (deposition). The blue dot-

ted line represents submarine cable cutting positions (cables broken at

six locations) due to a large-scale sediment transport as characterized

by the long-runout liquefied gravity flows. 

A representative cross-section before and after the earthquake

along Line 1 in Fig. 3(a) is shown in Fig. 3(b). The figure indicates an

overall landslide over the entire area with the flow thickness up to

142.7 m. The seafloor gradient in the dominant flow area over a 40 km

flow-out distance was equal to or less than 0.4o. The bathymetric changes

and the associated landslide characteristics showed the widespread

long-distance run-out, sharing an important feature of the liquefied

Figure 3. Large-scale long-runout submarine liquefied sediment flows at the 1923 Great Kanto earthquake. (Descriptions (blue) added to Fig.

5a,b in Murata, Ebisuzaki, Sassa et al., 2024).
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gravity flows that can develop over a very gentle slope with less than

1o (Field et al., 1982; Sassa and Takagawa, 2019). The dynamics of

such submarine liquefied sediment flows features a phase change process

in which the transitory fluid-like particulate sediment reestablishes a

grain-supported framework accompanying pore fluid migration during

flowage (Sassa and Sekiguchi, 2010, 2012). However, the transient

high-density liquefied flow has been shown to be characterized by a

high-density fluid whose density is equivalent with that of liquefied soil,

with the associated theoretical framework showing consistent predic-

tions and agreement with the observed flow behavior from laboratory

to field (Sassa and Sekiguchi 2010, 2012).

The results from a range of numerical simulations of the 1923

Great Kanto earthquake tsunamis (Murata et al., 2024) using an opti-

mal fault model with the lowest Residual Sum of Squares (RSS)-values

among nine existing models with the observed time-history wave-

forms, and the submarine landslide tsunami source models due to a

high-density liquefied gravity flow based on the theory, experiments,

and analysis of field behaviour presented in Sassa et al. (2001), Sassa

and Sekiguchi (2010, 2012) and Sassa and Takagawa (2019) are

shown in Fig. 4. The results demonstrate that the submarine landslides as

represented by a high-density liquefied gravity flow played a pivotal

role in consistently accounting for the observed time-history wave-

forms, the observed initial tsunami motions and their arrival times

(Murata et al., 2024), as well as the observed maximum tsunami ele-

vation distributions with more than 12 m tsunami heights along the

whole coastal areas in the three Peninsulas involving Izu, Miura and

Boso Peninsulas facing Sagami Bay, Tokyo Bay and the Pacific Ocean

(Fig. 4). Since a better integrated understanding of the landslide

dynamics and multi-phased physics governing landslide tsunami haz-

ard is crucial to reducing the disaster risks of landslides and tsunamis

globally (Sassa et al., 2022, 2023), the above liquefaction-induced

mechanisms essentially contribute to the global promotion of under-

standing and reducing the earthquake-induced submarine landslide

tsunami risk as cascading multi-geohazards.

The Storegga Slides that took place offshore Norway about 6000 BC

caused tsunamis that were recorded all along the coasts of the Green-

land-Norwegian Sea (Solheim et al., 2005). The Storegga landslide

was one of the largest in the world, with a volume of 2,400–3,200 km3

(Haflidason et al., 2004), an area of 95,000 km2, and a runout distance

of 300 km (Tappin, 2021; Fig. 5), with the maximum tsunami runups

on surrounding coasts exceeding 10m (Bondevik et al., 2003).

Turbidity currents that represent subaqueous density currents driven

by the density of suspended sediment typically occur owing to earth-

quakes, tsunamis, ocean waves, or other environmental forcings (Bouma et

al., 1985; Hsu et al., 2008; Breien et al., 2010; Arai et al., 2013; Talling

et al., 2013; Pope et al., 2017; Paull et al., 2018; Sequeiros et al., 2019).

Accordingly, turbidity currents are closely linked to the occurrence of

liquefaction and liquefied flows (Breien et al., 2010; Paull et al., 2018;

Sequeiros et al., 2019). In fact, powerful high-density and long-travel-

ling turbidity currents (Paull et al., 2018) share some essential features

with those of liquefied gravity flows, with reference to Fig. 1 (Sassa

and Sekiguchi, 2010, 2012). Disasters caused by such turbidity cur-

rents include cable breaks, rupture and pipeline damage. For instance,

a total of eleven telecommunication cables broke due to two major

Pingtung earthquakes (Mw7)-induced submarine landslides and turbidity

currents offshore Taiwan (Hsu et al., 2008). A 25 years’ analysis of a

global database of fiber-optic cable breaks and associated submarine

mass movements indicates that all Mw 9.0 earthquakes triggered mass

flows and turbidity currents without exceptions (Pope et al., 2017).

Typhoons/Cyclones/Hurricanes-induced severe ocean waves can cause

liquefaction that brings about large-scale turbidity currents, impacting

critical infrastructures such as pipelines (Sequeiros et al., 2019). Hence,

liquefaction, coastal and submarine landslides, turbidity currents, and

tsunamis are the important cascading multi-geohazards against which

the mitigation concept becomes vitally important for sustainable develop-

ment worldwide.

Figure 4. Submarine landslides as represented by a high-density liquefied gravity flow-induced tsunamis: predictions and observations along

three peninsulas involving Izu, Miura, and Boso Peninsulas facing Sagami Bay, Tokyo Bay, and the Pacific Ocean, adopted from Fig. 9a in

Murata, Ebisuzaki, Sassa et al. (2024).
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Mitigation Concept for Offshore Wind

The offshore renewable energy systems are subjected to diverse forms

of submarine geohazard risks, such as seabed liquefaction induced by

earthquakes and ocean waves and associated large-scale mass move-

ments. Amid global climate change, the ocean wave conditions are

becoming more severe along the world’s coasts (Reguero et al., 2019).

This fact makes floating offshore wind facilities that are installed in

relatively deep waters compared with the bottom-fixed offshore wind

facilities more susceptible to liquefaction under both earthquakes and

severe ocean waves. 

In light of some recent advances in understanding of the mechanics

and physics of a range of cascading submarine geohazards pertaining

to liquefaction, novel mitigation concepts for bottom-fixed and floating

offshore winds are presented below. Specifically, the former addresses

the stability and the countermeasure concept for the monopiles, suction

buckets, and jacket-type foundations for the bottom-fixed offshore

wind facilities, whereas the latter addresses the stability and the pre-

ventive maintenance concept for the anchors and cables for the float-

ing offshore wind facilities.

 

Wave-Induced Liquefaction-Scour Countermeasure Con-

cept for Bottom-Fixed Offshore Wind

Wave-induced seabed instability considerably affects the stability

of coastal and offshore structures resting on/in the seabed. Represen-

tative forms and processes of the instability involve scour and seabed

liquefaction. Indeed, scour and wave-induced liquefaction are physi-

cally interconnected, simultaneously affecting the stability of struc-

tures (Sassa, 2021).

Wave-seabed-monopile interaction has been studied by a prototype-

scale-stress testing, namely, centrifuge wave testing, where the relevant

scaling laws for wave-induced seabed liquefaction, i.e. time-scaling

laws for fluid wave propagation and soil consolidation as well as for

foundation scour were satisfied (Miyamoto et al., 2021). The results

demonstrate that the monopile started significant structural rocking

when liquefaction occurred and the residual displacement of the pile

increased markedly with the downward progress of the liquefied zone,

eventually leading to the collapse of the pile. 

The wave-induced liquefaction-scour countermeasure concept for

offshore monopile foundations is shown in Fig. 6. Here, in a usual

scour protection around a pier or monopile in the context of wave-sea-

bed-structure interaction, the extent of the scour protection is 3 to 4

times the diameter D of the monopile (Sumer and Fredsøe, 2002). The

results shown in Fig. 6 demonstrate that scour protection increased the

liquefaction resistance depending on the diameter ratios of the scour

protection and the pile, however, it could not prevent the collapse of

the monopile once liquefaction occurred (Miyamoto et al., 2021).

These results indicate the importance of soil stratification on the wave-

seabed-structure interactions. Hence, wave-induced seabed liquefac-

tion needs to be considered in a rational design of coastal structures

such as offshore wind monopile foundations. Namely, once liquefac-

tion is predicted to occur under design waves (Sassa et al., 2026), the

scour protection area can be determined so that the increased liquefac-

Figure 5. The Storegga, Norway, landslide and tsunami. Panel a shows landslide location and elevation of tsunami runups on surrounding

coasts, adapted from Bondevik et al. (2003). Panel b shows a digital elevation model of the landslide (white dotted line) and the resulting tur-

bidite covering the purple seabed region to the northwest. Figure adapted from EMODnet Bathymetry Consort. (2018). (Descriptions (blue)

added to Fig. 7 in Tappin 2021).
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tion resistance may prevent the occurrence of liquefaction under the

severe wave conditions, thereby suppressing and mitigating the impact of

the seabed liquefaction and its consequences. This migration concept

can be utilized for another type of the bottom-fixed offshore wind

foundations such as suction bucket foundations whose stability is

closely linked with wave-induced seabed liquefaction and its spread

(Miyamoto et al., 2023). 

The filter layer installation in the form of rock scour protection has

Figure 6. Wave-Seabed-Structure Interaction: wave-induced liquefaction-scour countermeasure concept for offshore monopile foundations.

(Sassa 2023b, 2024).

Figure 7. Performance of rock scour protection filter layer installation in 2016 (grey) and 2021 (black) (Descriptions (blue) added to Figure 4

top panel in Roulund et al., 2023).
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also been shown to be effective in suppressing the damage of scour

around jacket-type offshore wind foundations (Roulund et al., 2023),

as shown in Fig. 7. Here, the grey and black lines denote the bathymetric

changes observed in 2016 and 2021, respectively, following the filter

layer installation. The results show that the sand wave regeneration was

effectively suppressed by the rock scour protection filter layer.

Submarine Landslide Flow Impact Assessment and Pre-

ventive Maintenance

Submarine liquefied sediment flows can have a substantial impact

on diverse offshore wind structure foundations. The influence of the

submarine landslide and liquefied flow on such structure foundations

may be characterized by a high-density fluid corresponding to the mass

density of the flowing landslide body, namely that of the in-situ lique-

fied seabed (Makino et al., 2025). This means that by comparing the

maximum impact force considering the in-situ liquefied ground density

and the design resistant force of the facility, one could set a preventive

maintenance against the corresponding submarine landslide/liquefied

flow in the future. Further, the impact pressure exerted on coastal and

offshore structures has been found to be twice or higher than the pres-

sure acting on the seabed surface (Makino et al., 2025). This means that

one may substantially reduce the impact and influence of such submarine

landslide flows depending on the embedded area of the structures. 

 

Submarine Geohazards Resistant Design Concept for

Anchors and Cables of Floating Offshore Wind

Based on the state-of-the-art understanding of the seabed liquefac-

tion-induced impact on coastal and offshore infrastructures, which stems

from the evidences from laboratory to field settings, including both

observations and theoretical/numerical analyses (Sassa, 2023b; Sassa

et al., 2026), this section presents a novel submarine geohazards-resis-

tant design concept for anchors and cables of floating offshore wind

(Sassa, 2024). Seabed liquefaction governs the fate of floating or sinking

of a structure resting on/in the seabed. Namely, under conditions where

the overall density of a structure is lower than the mass density of a

liquefied seabed ground, the structure floats up, whereas under condi-

tions where the overall density of a structure is higher than the mass

density of a liquefied seabed ground, the structure sinks into the liquefied

seabed. In the case of the latter, the structure may settle into the seabed

ground in association with the liquefaction, scour and sediment trans-

port. A range of the field and experimental evidence show that pipe-

line floatation is closely linked with the seabed liquefaction. Indeed,

the sinking and flotation of a pipeline and a cable is controlled by the

relationship between the overall density of a structure and the mass

density of a liquefied soil (Sassa, 2024). The corresponding structure-

liquefied soil density ratio equal to unity serves as an index value below

which floating takes place and above which sinking ensues.

The standard anchor types for floating offshore wind are drug anchors,

pile anchors, suction anchors, and gravity anchors, and the typical moor-

ing systems are catenary systems, taut systems, tension-leg systems,

as shown in Fig. 8. Depending on the mooring systems, there exist the

vertical tension forces at ordinary times, as denoted by Tv in Fig. 8. By

defining the anchor mass density by ρA, the anchor volume by VA, and

the mass density of liquefied soil by ρL, the anchor behaviour during

seabed liquefaction can be classified as “Sinking”, “Floating”, and

“Stable” depending on the three conditions denoted in Fig. 8. For each

anchor behaviour, under conditions where Tv = 0 and Tv ≠ 0, one can real-

ize the submarine geohazards resistant anchors by setting and select-

ing anchors and mooring systems that take into account of the states

and relationships shown in Fig. 9. Importantly, under conditions where

the anchor behaviour is “stable”, the stability of a floating offshore wind

can be kept continuously during seabed liquefaction by preventing

floatation, burial and settlement of the anchors while keeping essentially

the same depth in the ground (Sassa, 2024). This also ensures a higher

horizontally-moving resistance force for the anchors owing to the

higher mass density of the liquefied seabed ground than the ambient fluid,

thereby reducing the impact from submarine landslides and flows.

By defining the cable mass density by ρC and the mass density of

Figure 8. Anchor behaviour during seabed liquefaction (Sassa, 2024).
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liquefied soil by ρL, the cable behaviour during seabed liquefaction can be

classified as “Sinking”, “Floating”, and “Stable” depending on the three

conditions denoted in Fig. 10. For each cable behaviour, one can real-

ize the submarine geohazards resistant cables by adopting the preventive

maintenance and countermeasures for settlement under conditions

where “Sinking” ensues, and by adopting the preventive maintenance

and countermeasures for floatation under conditions where “Floating”

ensues, as shown in Fig. 10. Importantly, under conditions where the

cable behaviour is “Stable”, the stability of a floating offshore wind can

be kept continuously during seabed liquefaction by preventing floata-

tion, burial and settlement of the cables while keeping essentially the

same depth in the ground (Sassa, 2024). This also ensures a higher

horizontally-moving resistance force for the cables owing to the higher

mass density of the liquefied seabed ground than the ambient fluid,

thereby reducing the impact from submarine landslides and flows. At/

around the boundaries between “Stable”, “Sinking” and “Floating” regions,

the cables are particularly susceptible to the submarine geohazard risks

and accordingly, the above preventive maintenance/countermeasure

concept becomes vitally important amid climate change. 

Figure 9. Submarine geohazards resistant design concept for anchors of floating offshore wind (Sassa, 2024).

Figure 10. Submarine geohazards resistant design concept for cables of floating offshore wind (Sassa, 2024).
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Summary

This paper has concisely summarized the characteristics, mecha-

nism, prediction and assessment of submarine geohazards with a special

emphasis on liquefaction, coastal and submarine landslides, and tsu-

namis. It has shown the cascading mechanisms involving the earth-

quake-liquefaction-coastal and submarine landslides-tsunamis, emphasizing

the multi-phased physics of the multi-geohazards. Notably, the criti-

cal importance of the liquefied gravity flows in coastal and submarine

landslides, landslide-induced tsunamis, as well as in the high-density

turbidity currents has been demonstrated, together with the corresponding

predictions and observations, in the light of their devastating consequences

on human lives and critical infrastructures. Based on the state-of-the-

art understanding of the seabed liquefaction-induced impact on coastal

and offshore infrastructures, the paper has also presented and discussed

the mitigation concept for a range of cascading multi-geohazards per-

taining to liquefaction under both earthquakes and severe ocean waves,

showing novel submarine geohazards resistant design concepts for

the bottom-fixed and floating offshore wind facilities for a safe sus-

tainable development worldwide.
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