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Abstract Earthquake‐triggered landslides are a severe hazard and contribute to landscape evolution. To
understand their process and controlling factors, we model the onset of seismically‐triggered slip on pre‐existing
slip surfaces governed by laboratory‐based rate‐and‐state friction, including wave propagation effects. Through
numerical simulations and theoretical analysis, we identify how friction properties, landslide thickness and
incident wave attributes (frequency, duration, amplitude) control slope stability. We find that the frictional state
variable tracks the cyclic fatigue of the slip surface, its progressive weakening with each wave cycle. Wave
propagation effects introduce two regimes depending on frequency relative to the two‐way travel time across the
landslide thickness: the stability criterion is well approximated by a threshold on incident peak acceleration at
low frequencies, and on peak velocity at high frequencies. We derive analytical approximations, validated by
simulations, suitable to apply the model to evaluate landslide stability under arbitrary input motions.

Plain Language Summary Landslides induced by earthquake shaking cause human and economic
losses. Understanding their triggering mechanism is a key to reduce their impact. Here we propose a new model
for the onset of seismically‐triggered landslide slip using a friction law based on laboratory experiments.
Studying the model mathematically and through computer simulations, we identify the specific attributes of the
landslide and incident seismic waves that control slope stability. We find that the decrease of the frictional state
variable is a good proxy for the approach to instability. The landslide triggering criterion is well described by a
peak acceleration threshold if the landslide is shallow or the earthquake shaking is dominated by low
frequencies, and by a peak velocity threshold for deep landslides or high‐frequency shaking. Finally, we develop
equations that can be used to assess landslide stability to shaking without the need for computer simulations.

1. Introduction
Seismically‐triggered landslides contribute to casualties and economic losses during earthquakes (Bird &
Bommer, 2004; Keefer, 1984; Tang et al., 2011; Wang et al., 2014). They are also a key component of long‐term
continental mass balance leading to interactions between tectonics and landscape evolution. Submarine landslides
can cause damaging tsunamis and provide useful constraints for paleo‐seismology (e.g., Clare et al., 2020;
Goldfinger et al., 2012; Gomberg, 2018). A current open question is which ground motion parameters are the best
predictors of landslide triggering (Dahal et al., 2023). To be scalable, hazard assessment in practice requires
simplified approaches involving synoptic parameters to describe the input ground motions. Parameters consid-
ered include Peak Ground Acceleration (PGA), Peak Ground Velocity (PGV), frequency content, duration. It has
become evident that no single parameter works universally. Here we address this question through a physics‐
based model that includes the interactions between two important factors: friction evolution and wave
propagation.

Various methods have been proposed to model seismically‐triggered landslides. Common approaches are the
pseudo‐static and Newmark methods (e.g., Chousianitis et al., 2014; Djukem et al., 2024; Kramer & Smith, 1997;
Newmark, 1965). Those analyses are straightforward but generally assume a constant friction coefficient and a
rigid sliding block and ignore wave propagation across the landslide thickness. More advanced models have been
developed, such as the stress‐deformation analysis (Jibson, 2011) or models encompassing the formation and
growth of the slip surface (Puzrin et al., 2010), but require more parameters and are therefore more complex to
apply. Advanced friction laws motivated by laboratory experiments have also been included in landslide models
(Chau, 1995; Viesca & Rice, 2012), in particular for re‐activated landslides with a pre‐existing slip surface.
Various observations suggest that the frictional behavior of landslide basal sliding surfaces can be modeled with
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rate‐and‐state friction laws (Agliardi et al., 2020; Kang et al., 2022;
Skempton, 1985), which are motivated by rock friction experiments (Diet-
erich, 1978; Marone, 1998), and are commonly adopted to model earthquake
fault slip. The analogies between landslide basal slip and tectonic fault slip
open opportunities for synergy between landslide research and earthquake
research (Gomberg et al., 1995), in particular on the topic of dynamic trig-
gering of fast and slow slip.

The objective of this study is to advance our theoretical understanding of the
dynamic triggering of landslides on pre‐existing slip surfaces by investigating
a model governed by rate‐and‐state friction and accounting for wave propa-
gation through the landslide thickness. The slip surface can be a well‐
developed weak interface (Gatter et al., 2021) or an incipient localized
shear band (e.g., Palmer & Rice, 1973; though analysis of the growth of the
slip surface is beyond our scope). Compared to previous studies modeling
landslides with rate‐and‐state friction (Chau, 1995; Handwerger et al., 2016;

Helmstetter et al., 2001; Paul et al., 2024), we focus on the onset of landslides triggered during the passage of a
seismic wave. Furthermore, we aim to identify the attributes of the incident seismic waves and the frictional
properties that control the slope stability.

2. Model
We consider a landslide along a pre‐existing slip surface embedded in a homogeneous elastic medium, subject to
an incident seismic wave (Figure 1). The medium density is denoted as ρ, shear modulus as μ and shear wave
velocity as Cs. We focus on a representative portion of the landslide (dashed line box in Figure 1), which we
represent as a layer of thickness h sliding along an infinite inclined slip surface, parallel to the free surface. The
value of h controls the initial normal stress on the slip surface, resulting from the weight of the overlying solid
column:

σ0 = ρgh (1)

with g as the standard acceleration of gravity. To reduce the original three‐dimensional problem to a one‐
dimensional problem, we consider only waves that propagate perpendicular to the slip surface, leading to
spatially uniform slip. For the sake of simplicity, the simulations and analytical derivation actually assume anti‐
plane slip (and SH waves) instead of in‐plane slip (and P‐SV waves).

We adopt the phenomenological rate‐and‐state friction law (Dieterich, 1978; Marone, 1998), in which the friction
coefficient f depends on slip rate V and on a state variable θ often interpreted as the average contact time between
grains along the slip surface:

f (V, θ) = f0 + a ln
V
V0
+ b ln

V0θ
Dc

(2)

where f0 is the reference friction coefficient at the reference velocity V0, a, and b are coefficients quantifying the
direct velocity effect and the state effect, respectively, with values of order 10− 2, and Dc is a critical slip distance
for the state evolution. The state variable θ is related to V by a phenomenological state evolution law. Following
Chau (1995), we adopt the aging law, also known as Dieterich‐Ruina law (Dieterich, 1978; Ruina, 1983), which is
favored by experimental data on sediments (Kang et al., 2022; Skempton, 1985):

θ̇ = 1 −
Vθ
Dc

(3)

In contrast to conventional Coulomb friction, in rate‐and‐state friction there is no frictional threshold, the surface
is always sliding (at very slow slip velocity when virtually locked) and the shear stress always equals the frictional
strength, τ = f σ. The initial condition is a steady state with initial slip velocity V0, normal stress σ0 on the slip
surface (resulting from the weight of the overlying solid column), shear stress τ0 = σ0 f0 and state θ0 = Dc/V0.

Figure 1. Schematic view of a landslide on a pre‐existing slip surface
triggered by an incident seismic wave. Our modeling focuses on a
representative portion of the landslide (dashed box).
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The sign of a − b determines the stability of sliding in the absence of external triggering loads: if a> b, friction
increases with slip velocity at steady state (velocity‐strengthening) and thus slip tends to be stable; if a< b
(velocity‐weakening) slip can be unstable.

Although our model applies to arbitrary incident waveforms, we illustrate the model response by considering
monochromatic incident waves modulated by a Gaussian envelope:

Vinc(t) = Ve
− 1

2(
10(t− T/2)

T )

2

sin (2πfinc(t − T/2)) (4)

where V is the peak amplitude, T the characteristic duration and finc the frequency of the wave. Equating the shear
stress and frictional strength on the slip surface:

τ0 + τinc + τref + τslip = f (V, θ)σ0 (5)

On the left hand side, the shear stress involves the initial shear stress τ0 and the dynamic contributions by the
incident seismic wave, τinc, by its reflection at the free surface, τref , and by slip, τslip. The latter is given by (Text
S1 in Supporting Information S1):

τslip(t) = −
μ
2Cs

V(t) +
μ
2Cs

V(t − ΔT) (6)

where ΔT = 2h/Cs is the two‐way travel time across the landslide thickness. The first term is the radiation
damping induced by waves leaving the slip surface in the normal direction. The second term is the delayed stress
carried by the slip‐induced waves reflected at the free surface.

We set model parameter values representative of general geological landslide properties for example, (Kelner
et al., 2016; Shanmugam & Wang, 2015; Sultan et al., 2004) and friction experiments on landslide materials
(Agliardi et al., 2020; Handwerger et al., 2016; Helmstetter et al., 2001; Kang et al., 2022; Skempton, 1985),
reported in Table S1 in Supporting Information S1. We simulate seismic wave propagation and induced slip using
the spectral element method (Ampuero et al., 2002; Kaneko et al., 2008) implemented in the software sem2dpack
(Ampuero et al., 2024). We apply periodicity conditions on the side boundaries, absorbing conditions on the
bottom boundary and a free surface condition on the top boundary.

3. Results
3.1. Instability and Landslide Fatigue

For a given frequency and duration of the incident wave, unstable slip (a landslide) is triggered if the incident
wave amplitude is large enough. We illustrate the difference between stable and unstable triggered slip by
comparing two simulations with slightly different incident wave amplitudes (Figure 2). The two cases have
h = 14 m, a< b. The incident waves have peak velocities V of 0.4 m/s (red) and 0.47 m/s (blue), respectively,
duration T = 60 s comparable to that of seismic shaking from a large earthquake, and frequency finc = 0.5 Hz. The
triggered slip (dashed curves in Figure 2a) is stable and remains limited in the first case (∼0.1 mm) but is unstable
and reaches large values in the second case (>1 m). In both cases, the slip history features multiple steps following
each peak of the incident wave velocity (solid lines in Figure 2a). The slip steps are larger for the stronger incident
wave case.

The evolution of the state variable θ indicates the proximity to instability and provides a proxy of landslide fa-
tigue. Like slip, θ also features a step‐like evolution (solid curves in Figure 2b): it drops sharply with each peak of
the incident wave, weakening the slip surface in a process akin to cyclic fatigue. The transition to unstable slip,
manifested by very high slip rates (dashed curves in Figure 2b), happens only if and when θ/θ0 drops down to
almost 0. The amplitude of the steps is highly sensitive to the incident wave amplitude: a 20% increase of V leads
to 5 times larger θ step drops. Instabilities might require multiple wave cycles, thus landslide stability depends on
the duration of shaking (number of cycles).
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Fatigue can accumulate over time scales longer than shaking from a single earthquake. For instance, the case that
remained stable during a single earthquake in Figure 2b is triggered by a second identical event about a minute
later in the simulation shown in Figure 3. At time scales longer than those considered in this work, we expect
fatigue to compete with processes that re‐strengthen the slip surface, such as frictional healing (which tends to
increase θ) and pore fluid pressure diffusion.

3.2. Effect of Landslide Thickness and Frequency Content of the Incident Wave

To characterize systematically the behavior of the model, we conducted parametric studies of slip stability as a
function of frequency and amplitude of the incident wave, landslide thickness and frictional properties. We
described the incident wave amplitude by the PGA, a parameter commonly used in landslide stability studies for
example, (Meunier et al., 2007). We quantified the stability in each simulation by the lowest value of θ/θ0
achieved.

Starting from the cases shown in Figure 2, we ran a set of simulations varying the amplitude and frequency of the
incident wave across a relevant range of values. We summarize the results by a stability diagram as a function of
PGA and finc (Figure 4a). A stability boundary separates stable (red) from unstable (blue) conditions. The
boundary is quite sharp, but not infinitely so: over a certain range of conditions close to instability, low values of
θ/θ0 are reached without achieving failure. At low frequencies, the stability boundary approaches a PGA
threshold (its shape tends to vertical in the diagram). At increasing frequencies, stability is enhanced: a larger
PGA is required to trigger a landslide.

To examine the effect of landslide thickness, we conducted a similar set of simulations with a thicker h of 40 m
(Figure 4b). We find that stability is enhanced by increasing h: slip is stable over a wider range of frequencies and

Figure 2. Two landslide triggering simulations with slightly different incident wave amplitudes lead to very different
outcomes: stable slip (red) and unstable slip (blue). (a) Incident wave velocities (solid lines, their amplitude difference is less
than 20%) and triggered slip (dashed lines, their final values differ by six orders of magnitude). (b) Slip velocity (dashed
lines) and state variable (solid lines) normalized by their initial values.
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amplitudes. At low frequencies (below 1 Hz), the stability boundary is again well described by a PGA threshold.
At frequencies around 3.5 Hz, we find stable slip at all values of PGA (a horizontal red corridor in the diagram).
The frequency of this strong stability band is the inverse of the two‐way travel time ΔT. Thus, it arises from the
destructive interference between upgoing and downgoing waves. At even higher frequencies, we find a second
unstable domain, requiring higher PGA values.

We repeated the parametric studies but on a velocity‐strengthening slip surface, with a = 0.015> b = 0.01
(Figures 4c and 4d). We find that, despite the nominal stability of velocity‐strengthening surfaces, they are
susceptible to dynamic triggering across a range of incident amplitudes and frequencies comparable to those in the
velocity‐weakening cases. As expected, for a given frequency, triggering a velocity‐strengthening landslide re-
quires higher PGA values.

3.3. Insights From Theoretical Analysis

To gain insight on the key parameters controlling slip stability in our model, we developed linear and non‐linear
theoretical analyses of the landslide response to perturbations. Both of these analysis are fully detailed in Text S1
and S2 in Supporting Information S1. The linear analysis considers small perturbations around the initial steady
state due to the incident wave. It yields a closed‐form expression that predicts qualitatively the shape of the
stability boundaries in Figure 4, up to a multiplicative factor on the PGA. The non‐linear analysis considers finite
perturbations well above steady state. It provides a closed‐form expression of the multiplicative factor. Their
combination yields a prediction of the stability boundary that matches quantitatively our simulation results
(yellow dashed curves in Figure 4).

Figure 3. Landslide fatigue leads to triggering by a sequence of earthquakes. (a) Incident wave velocity composed of two
identical wave packets, 1 min apart. (b) Slip velocity (dashed lines) and state variable (solid lines) normalized by their initial
values. Slip surface fatigue can be tracked by the step‐wise reduction of θ/θ0 with each wave cycle. Instability, manifested by
large V /V0 values, occurs at t ≈ 90 s when θ/θ0 ≈ 0.
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The theoretical results enable a more general understanding of the problem, summarized by the stability boundary
in non‐dimensional form shown in Figure 5. At frequencies lower than 1/ (πΔT) = Cs/ (2πh), the stability
boundary is well described by the following PGA threshold:

PGA =
ag
2
I− 10 (

aDc

bV0T
) (7)

where I− 10 is the reciprocal of the modified Bessel function of the first kind and order 0. The PGA threshold
predicted by this equation is of order 0.1 g. This asymptotic PGA threshold is represented by the vertical yellow
lines on Figure 5. Theoretical analysis (Equation S16 in Supporting Information 1) shows that the asymptotic
PGA threshold arises from the interference between upgoing and downgoing (reflected) waves at periods longer
than ΔT, which makes shear stress resemble an inertial response of the mass column overlying the slip surface.
Note that inertial stresses are also assumed in rigid‐block landslide models such as Newmark's method; our
analysis shows that such approximation is justified only at sufficiently low frequencies.

At higher frequencies, the stability boundary features a diagonal envelope, which is well described by the
following PGV threshold:

PGV ≥
aσ0Cs

2μ
I− 10 (

aDc

bV0T
) (8)

This asymptotic behavior arises because, at periods shorter than ΔT, the stresses on the slip surface are pro-
portional to velocities (as in Equation 6). This high‐frequency regime is not captured by rigid‐block models. The
yellow diagonal lines in Figure 5 correspond to this PGV threshold. Equations 7 and 8 can also be obtained from

Figure 4. Landslide triggering conditions as a function of incident wave frequency and amplitude (Peak Ground
Acceleration). Two slip surface depths are considered, 14 m (in a and c) and 40 m (in b and d), and two frictional behaviors,
velocity‐weakening (in a and b) and velocity‐strengthening (in c and d). Other landslide properties are defined in Table S1 in
Supporting Information S1. Slip stability is quantified by the normalized state variable: unstable slip corresponds to
θ/θ0 ≈ 0. The yellow dashed curve is the stability boundary predicted by the approximate Equation S48 in Text S2 in
Supporting Information S1.
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the linear analysis, except for the I0 term, which is actually large. The analysis also predicts stable slip at the
frequency 1/ΔT and its multiples (Figure 5), which is consistent with our simulation results (Figure 4b). These
stable frequencies are those at which the shear stresses carried by the incident and reflected waves cancel each
other. The rate‐and‐state parameter b, which controls the state evolution effect, and the sign of a − b do not
significantly affect the predicted stability boundary; this is consistent with the simulation results in Figure 4.

4. Discussion
Here we discuss implications and possible extensions of the model. From the previous theoretical results, we
distill important implications on the effects of shaking duration, landslide thickness and pore fluid pressure on the
seismic triggering of landslides. We then discuss extensions to more realistic incident waves, with oblique
incidence, normal stress changes and broadband incident waves. Some extensions are straightforward, others
require further work. Finally we evaluate the potential generalization and further opportunities of this method.

While we previously focused on the effects of frequency and amplitude of the incident wave, its duration T can
also affect landslide triggering. Based on Equations 7 and 8 and noting that I0(z) ∼ exp(z)/

̅̅̅̅̅̅̅
2πz

√
at large z, the

effect of T on the stability boundary is relatively weak, quasi‐logarithmic. This is illustrated in Figure 5 by the
mild differences in the stability boundaries for T values spanning three orders of magnitude (yellow curves). More
generally, the stability boundary depends mildly on the dimensionless number aDc/bV0T.

Considering σ0 is proportional to depth, Equation 8 predicts that high‐frequency ground motions with a larger
PGV can trigger deeper landslides, which can potentially mobilize larger masses. This can help explain obser-
vations that stronger ground motions trigger larger landslides (Valagussa et al., 2019). Interestingly, the low‐
frequency PGA threshold (Equation 7) does not depend on landslide thickness, although its maximum fre-
quency of validity does.

In the presence of fluids along the slip surface, our model predicts enhanced triggered‐landslide susceptibility.
This is a natural result of the proportionality of frictional strength on effective normal stress. For a pore fluid
pressure P, replacing σ0 by the effective normal stress σ0 − P in the derivations in Supporting Information S1
results in PGA and PGV thresholds that are lower by the factor 1 − P/ρgh< 1.

Figure 5. Non‐dimensional landslide stability diagram as a function of incident wave frequency and amplitude, based on the
theoretical analysis of Section 3.3. Frequency is normalized by the two‐way travel time across the landslide thickness,
ΔT = 2h/Cs, and Peak Ground Acceleration by ag which is typically ≈ 1%g. The stability boundary (black curve separating
stable slip in red from unstable slip in blue, predicted by the approximate Equation 48 in Text S2 in Supporting Information S1)
is shown for an incident wave with normalized duration Tn = 4000 × V0T /Dc set to 1. Asymptotic approximations (yellow
curves; vertical for Equation 7 and diagonal for Equation 8) are shown for three normalized wave durations, Tn = 0.1, 1, and 10.
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Our theoretical results apply, with slight modifications, to obliquely incident SH waves. Given an incidence angle
i relative to the slip surface normal direction, the results are valid upon accounting for the apparent wave speed
along the direction normal to the slip surface, Cs/ cos(i). The apparent wave impedance is μ cos(i)/Cs and the
apparent two‐way travel time ΔT = 2h cos(i)/Cs. The resulting low‐frequency PGA threshold is given by
Equation 7 divided by cos(i)2, and the high‐frequency PGV threshold by Equation 8 divided by cos(i). Thus, the
case of normal incidence (i = 0) is the least stable, it has the lowest PGA and PGV thresholds for instability. This
is consistent with the observation that landslides are triggered more often in slopes that are facing away from the
earthquake hypocenter, for which wave incidence is closer to normal (Dunham et al., 2022; Meunier et al., 2008).

The results can also be extended to incident waves that induce normal stress changes δσ(t), such as obliquely
incident P‐SV waves. This amounts to replacing the shear stresses induced by the incident and reflected waves
τinc + τref , by Coulomb stresses τinc + τref − f0δσ, where δσ includes the effects of incident and reflected waves
and accounts for S/P conversions at the free surface. One could also account for other processes affecting the
normal stress of the slip surface, such as poroelastic effects in saturated and non‐saturated media (Delorey &
Chen, 2022) or dilatancy (Iverson, 2005; Sakamoto & Tanaka, 2022). Depending on their relative phasing, shear
and normal stress contributions to Coulomb stresses can interfere constructively or destructively, which can
enhance or reduce the potential for landslide triggering (Brain et al., 2015).

Our model also applies to incident waves with more realistic, non‐monochromatic waveform. In certain situa-
tions, we can use the derived amplitude thresholds even if the incident wave has a broad frequency content. The
PGA criterion (Equation 7) applies if the incident acceleration spectrum is dominated by relatively low fre-
quencies, namely if the maximum frequency set by attenuation ( fmax) is lower than 1/ΔT = Cs/2h. For typical
values fmax = 10 Hz, Cs of a few 100 m/s and h up to a few 10 m, the PGA criterion is appropriate. The PGV
criterion (Equation 8) applies if the incident velocity spectrum is dominated by relatively high frequencies,
specifically if both fmax and the corner frequency set by the earthquake source ( fc) are higher than 1/ΔT. If 1/ΔT
is low, say a few Hz, the PGV criterion can be appropriate for small magnitude earthquakes. In between these two
end‐member situations, when the incident frequency content straddles 1/ΔT, landslide stability according to our
model can be assessed by the following procedure, based on the approximate non‐linear analysis in Text S2 in
Supporting Information S1. First, compute the stresses τinc + τref induced on the slip surface by the input
wavefield under the assumption of no slip, using Equations S2 and S3 in Supporting Information S1. Then,

compute the function ϕ̇(t) = exp(τinc+τrefaσ0 ) and integrate it. Finally, evaluate if the instability criterion

ϕ = aDc/bV0 is achieved. This method requires the knowledge of rate‐and‐state parameters a, b, and Dc, and the
initial slip velocity V0. However, the sensitivity of the stability condition to aDc/bV0 is mild, as illustrated in the
monochromatic case by Equations 7 and 8.

How general is the model? We expect the behavior to be qualitatively similar for other rheologies of the slip
surface that comprise the following two basic ingredients: a non‐linear viscosity and a slip‐weakening mecha-
nism. In rate‐and‐state friction, these ingredients are represented by the direct effect, a log(V), and the state
evolution effect, b log(θ) (which tends to linear slip‐weakening ≈ − bD/Dc when well above steady‐state).
Different rheologies might involve different functional forms of these two ingredients (e.g., Puzrin et al., 2010),
but we anticipate the qualitatively features of the model response to remain similar.

Additional opportunities to extend the model include: non‐uniform slip, physical processes involving fluids on the
slip surface (dilatancy, liquefaction or gaz hydrates such as Handwerger et al. (2017)), delayed triggering or
transient slip at longer timescale accounting for healing effects. Some of those topics can be addressed by var-
iations of rate‐and‐state friction, such as a second state variable (Chau, 1999) or a modified state law to model the
evolution of pore pressure.

Field observations indicate that many seismically triggered landslides are fresh rather than re‐activated landslides
(Keefer, 1984). It is conceivable that freshly triggered landslides start on a fully‐buried incipient slip surface,
formed earlier by shear localization. Our model applies to the triggered slip on such surface. In turn, this
accelerated slip can drive the lateral growth of the slip surface, leading to a well‐developed landslide. Modeling
this coupled process deserves further work.
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5. Conclusions
To advance the understanding of seismic triggering of landslides, we developed a model of slip initiation on pre‐
existing slip surfaces governed by laboratory‐based rate‐and‐state friction in response to incident seismic waves.
Through numerical simulations and theoretical analysis, we characterized how slope stability depends on friction
properties, landslide thickness and incident wave properties (frequency content, duration, acceleration, or velocity
amplitude). The model incorporates friction and wave propagation effects in a way that is not common in con-
ventional triggered‐landslide assessment approaches, and thus provides new insights. The slip surface weakens by
steps with each incident wave cycle, and the frictional state variable tracks well this cyclic fatigue. Wave
propagation effects introduce two regimes depending on frequency. At low frequencies relative to the two‐way
travel time across the landslide thickness, the stability criterion is well approximated by a threshold on the peak
acceleration of the incident wave, as in the classical pseudo‐static and Newmark analyses. At higher frequencies, a
threshold on peak velocity provides an appropriate stability criterion. Our theoretical developments, validated by
numerical simulations, can be used to apply the model to the evaluation of landslide stability under arbitrary input
motions, without the need for simulations.

Data Availability Statement
We used the open‐source software SEM2DPACK, version 2.3.9 (Ampuero et al., 2024). Scripts for simulation
and visualization, input files and sample output data from the simulations used in this article are available in the
directory EXAMPLES/RS‐landslides‐lestrelin2024 of the SEM2DPACK software.
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