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Abstract

Along the Cascadia Subduction Zone, destructive megathrust earthquakes represent a significant
coastal hazard. These events generate abrupt coseismic subsidence, instantaneously increasing rela-
tive sea level. In the coming decades, global sea level rise will continue to shift baseline coastal
conditions, potentially enhancing earthquake-driven hazards. Here, we model how sea level rise,
wave climate, and the magnitude and timing of earthquake-driven subsidence interact to influence
nearshore wave dynamics along the Cascadia margin. We find that coseismic subsidence amplifies
shoreline wave power by shifting wave action landward despite reductions in wave breaking. This
amplification is strongly controlled by shore platform slope, with negligible increases along steep
shores and up to a million-fold increase in wave power for low-gradient sites. These changes high-
light the potential for drastic increases in coastal erosion following future earthquakes. The timing
and persistence of these hazards strongly depend on the sea level trajectory. Under a high-emissions
scenario, accelerated sea level rise shifts the window of maximum earthquake-driven wave amplifi-
cation earlier in the century, increasing the potential of post-event coastal recovery. Our results
demonstrate that interactions between climate and solid Earth geohazards create transient, but po-
tentially long-lived, shifts in coastal wave energy regimes that can shape future hazards and land-
scape evolution.
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Main Text
Introduction

The Cascadia Subduction Zone (CSZ) stretches along the Pacific Northwest coast of North
America, extending from the Mendocino Triple Junction in northern California to Vancouver Island
in British Columbia !. Formed through the subduction of the Juan de Fuca Plate beneath North
America 2, the CSZ can generate some of the world’s most powerful earthquakes >, with pro-
found consequences for communities, infrastructure, and natural hazards along the coastline ",

Paleoseismic records indicate earthquake recurrence intervals of 200 to 800 years, with an
average of ~500 years for the largest events %!, with the last large Cascadia earthquake occurring
over 320 years ago in 1700 AD %13, Time-dependent earthquake recurrence models indicate a 30%
chance of a > M8 earthquake occurring in southern Cascadia in the next 50 years and a 10% to 15%
chance of an approximately M9 rupture of the full subduction zone '*!>. These estimates indicate
that a future Cascadia earthquake is a realistic possibility within the coming century, motivating ef-
forts to understand future coastal hazards driven by such an event.

Megathrust earthquakes generate a range of hazards, including coseismic vertical land mo-
tion. Coastal wetland stratigraphy 2! and geodetic modeling approaches 2>2° indicate that Cas-
cadia earthquakes can generate 0.5 to 2 m of instantaneous subsidence along the coastline. This sub-
sidence produces abrupt relative sea level rise (RSLR), that increases nearshore water depths %2,
RSLR is driven both by active tectonics and eustatic sea level rise (SLR), which is increasing in re-
sponse to climate change 27-2°. Although interseismic uplift has historically buffered the effects of
SLR in portions of Cascadia *°, projected rates of SLR are expected to outpace this buffering over
the coming century *'32, By 2100, global sea levels are projected to rise by 0.56 m (0.43 to 0.76 m)
relative to conditions from 1995 to 2014 under SSP2-4.5, a moderate emissions scenario. Under
SSP5-8.5, a very high emissions scenario representing the upper envelope of emissions futures, sea
level is projected to increase by 0.77 m (0.63 to 1.01 m). These projections are comparable to the
lower bound of coseismic subsidence expected from a Cascadia earthquake. Both the emissions tra-
jectory and the timing of the next earthquake will determine the sea level baseline upon which co-
seismic subsidence is superimposed.

By modulating nearshore water depths, RSLR controls the location of wave breaking and
how efficiently offshore wave power (kW/m) is transmitted to the coastline, which drives erosion
on rocky coasts 3*34. Tectonically-driven vertical land motion exerts a first order control on rocky
shoreline retreat by modifying cliff-front wave power . Specifically, interseismic subsidence in-
creases nearshore water depths and shifts wave breaking landward, leading to enhanced cliff front
wave power and more rapid coastal retreat.

How these compounding shifts in RSL will influence rocky coast erosion remains poorly
constrained. Some studies suggest that increasing nearshore water depths will propagate wave ac-
tion landward, increasing cliff-front wave power and coastal erosion 3-8, Others have argued the
opposite effect, proposing that relatively deep water at the cliff base may instead suppress nearshore
wave breaking, thereby reducing wave power and erosion, with responses highly dependent on local
shore platform morphology 3*#°. Set against this shifting background of level rise, the response of
Cascadia coastlines to a future megathrust earthquake remains highly uncertain as coseismic subsid-
ence could either suppress or amplify coastal wave hazards.

In this contribution, we model earthquake-driven changes in nearshore wave dynamics at 32
sites across Cascadia (Fig. 1) in response to the combined effects of coseismic subsidence and
global SLR. Selected sites span a range of shore platform morphologies and water levels, with
many located within or near major population centers and recreational destinations. Across these
sites, we explore a parameter space defined by earthquake timing (at decadal intervals), coseismic
subsidence magnitude (0.5, 1.0, and 2.0 m), and century-scale trajectories of both offshore wave
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climate *! and sea level rise under a moderate (SSP2-4.5) and high (SSP5-8.5), respectively. Model
simulations are run in hourly time steps from 2020 to 2100.
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Figure 1. A) Map of Cascadia. Arrows denote tectonic plate motion direction and points represent
the 32 study sites, which are classified based on the underlying shore platform slope. B-D.) Swath
profiles for three of the study sites representing the three primary platform categories in order of de-
scending slope. Site locations are denoted on the map by their respective letter.
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Results

Earthquake-Driven Changes in Nearshore Dynamics

To characterize the effects of coseismic subsidence and RSLR on nearshore wave dynamics,
we first classify cliff-incident waves as breaking, broken, and unbroken.*? Breaking and broken
waves drive erosion, whereas unbroken waves largely reflect from the cliff with minimal energy
transfer 3. Even in baseline scenarios without coseismic subsidence, climate-driven RSLR progres-
sively suppresses nearshore wave breaking. By 2100, the number of breaking and broken waves de-
clines by 8.5% to 19.8% under SSP2-4.5 relative to 2020 conditions. Under the high-emissions
SSP5-8.5 scenario, this reduction increases by 8.5% to 26.7% across all sites.

Superimposed on this background trajectory, coseismic subsidence produces an additional
instantaneous reduction in breaking and broken waves, with the magnitude of this reduction increas-
ing with subsidence (Fig. 2). Across all sites, earthquake timings, and emissions scenarios, median
reductions in wave breaking range from 0.1% for 0.5 m of subsidence, to 1.1% for 1.0 m, and 9.2%
for 2.0 m (Fig. 2A, E). It is worth emphasizing that the reduction produced by 2.0 m of subsidence
is comparable in magnitude to the wave breaking reduction accumulated over the century through
SLR alone. By 2100, the maximum wave breaking reductions reach 52.0% under SSP2-4.5 and
53.4% under SSP5-8.5, approximately twice the maximum centennial-scale reduction produced by
climate change.

This reduction in breaking and broken waves is accompanied by a landward migration of
wave breaking (Fig. 2). By the end of the century, for baseline model scenarios, median annual off-
shore wave breaking distances shift landward from 0 m to 185 m under SSP2-4.5 and 5 m to 245 m
for SSP5-8.5. Again, coseismic subsidence under SSP-4.5 produces an additional, instantaneous
landward shift with a median magnitude from 10 m for 0.5 m of subsidence to 25 m for 1.0 m and
40 m for 2.0 m, with maximum shifts of 193 m, 330 m, and 555 m, respectively. Under SSP5-8.5,
the corresponding median shifts are 12.5 m, 25 m, and 40 m, with maxima of 190 m, 325 m, and
555 m. Based on these results, the landward migration of wave breaking is substantially more sensi-
tive to coseismic subsidence magnitude than the background emissions trajectory. Between sites,
shore platform slope strongly modulates the landward shift of wave breaking (Fig. 2). Subhorizontal
platforms provide an extensive shallow water zone across which breaking can shift landward as wa-
ter levels rise. In contrast, steeper platforms have a narrower zone of wave transformation concen-
trated near the shore under baseline conditions, such that rising water levels have a reduced effect.

Increases in coseismic subsidence and RSLR also shift the size of breaking waves. For mod-
eled earthquake scenarios, median offshore wave heights for broken and breaking waves increase
by up to 48% (1.4 m) across sites and emissions scenarios. The waves that continue to break under
coseismic subsidence are larger, delivering more power to the shore. Increasing coseismic subsid-
ence also shifts the upper bounds of median breaking and broken wave heights by 9.18% (0.5 m),
19.10% (1.0 m), and 48.29% (2.0 m) across all sites and scenarios relative to baseline conditions.
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Figure 2. (A and E) Median percent change in the number of broken and breaking waves for SSP2-
4.5 (A) and SS-5-8.5 (E) across each earthquake year and all sites, with shaded envelopes denoting
the interquartile range. (B-D; F-H) Median landward shift in breaking distances across all sites by
slope class for each modeled earthquake year for SSP2-4.5 (B-D) and SSP5-8.5 (F-H). Shaded re-
gions denote the interquartile range.

Subsidence-Driven Amplification of Wave Power

Cliff-base wave power (Pgi¢r) is estimated for each forecast wave using a modified decay
function (Methods; SI) to account for energy dissipation after breaking. The P;¢ estimates are then
integrated over each year to calculate total annual P;¢r. We find that across all sites and scenarios,
earthquake-driven subsidence drastically enhances shoreline wave power. To further quantify these
effects, we compute an amplification factor defined as the ratio of total P under an earthquake
scenario to that under the baseline, SLR-only scenario for the same year (Methods).

The timing of maximum wave power amplification, or the year in which a megathrust earth-
quake produces the greatest enhancement of P;¢ relative to baseline conditions, defines the upper
envelope of earthquake-driven wave hazard amplification. This timing is highly variable for a given
earthquake across the model period, following emission scenario-specific patterns (Fig. 3A). Under
SSP2-4.5, we find bimodal behavior, with most sites achieving maximum amplification during
earthquakes that occur in 2030 or 2080. In contrast, under SSP5-8.5, amplification is greatest early
in the model period around 2030 or 2040 before decreasing thereafter (Fig. 3A). For 0.5 m of sub-
sidence, 7 sites feature the same maximum amplification years between SSP2-4.5 and SSP5-8.5
while 25 sites have different amplification years, 5 sites experience the same maximum amplifica-
tion year for 1.0 m of subsidence, and 8 sites for 2.0 m of subsidence. This variability emphasizes
the importance of the climate scenario in controlling the timing of maximum amplification.

For modeled earthquake scenarios under both emission scenarios, maximum amplification
ranges from no amplification to a millionfold increase in wave power across all sites, scenarios, and
years, which corresponds to a 10! to 10* kW/m increase in total annual Pq;s. Overall, amplification
scales with the magnitude of subsidence (Figure 3B-C). Maximum amplification spans 4 orders of
magnitude for 0.5 m subsidence and 6 and 7 orders of magnitude for 1.0 m and 2.0 m of subsidence,
respectively across all sites and scenarios relative to baseline, SLR-only conditions. These results
demonstrate a strong coupling between baseline P_;¢ and the scale of amplification, such that sites
with lower baseline P.;¢ have greater amplification than those that already have high P;¢. This in-
dicates a strong and predictable relationship across climate scenarios, suggesting that similar near-
shore water levels set the magnitude of amplification.

Amplification also exhibits a strong dependence on shore platform morphology (Fig. 4). At
each site across all model scenarios, mean P;¢ amplification is negatively correlated with shore
platform slope (Spearman’s p < —0.91, p < 0.05), indicating that earthquake-driven amplification is
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Figure 4. A-B). Total annual P;s amplification as a function of shore platform slope for site-spe-
cific EQ years that maximize wave power amplification for SSP2-4.5 (A) and SSP5-8.5(B) Bottom
rows are schematic diagrams depicting the effects of earthquake-driven RSLR on nearshore wave
action and P;¢ for subhorizonal and steep platforms.

Seismic Memory and Coastal Hazard Trajectories

Megathrust earthquake-driven increases in nearshore water levels fundamentally change the
long-term trajectory of wave-energy forcing over the remainder of the century. Across all emis-
sions-subsidence model pairings, representing 256 unique realizations, increasing coseismic subsid-
ence systematically shifts the timing of peak total annual P earlier in the century (Fig 5a). Under
SLR-only conditions, most simulations reach peak annual P at the end of the century, consistent
with the increasing water depth associated with ongoing RSLR. However, as the magnitude of co-
seismic subsidence increases, a growing number of simulations achieve peak P;¢ earlier, with the
largest subsidence scenarios exhibiting substantial clustering of peaks in Pg;¢ between 2070 to
2090, rather than 2100 (SI Fig 1). This indicates that coseismic subsidence shifts the timing of peak
P earlier by effectively accelerating the increases in wave power delivery that would otherwise
occur more gradually through climate-driven SLR. Importantly, the years of peak total annual Pj;¢
do not coincide with the years that maximize amplification relative to baseline conditions. Instead,
peaks in P are the result of the combined influence of earthquake-driven subsidence and RSLR,
emphasizing that coastal wave-energy delivery depends on the evolving interaction between both
processes rather than on the punctuated effects of the megathrust earthquake alone.

Comparing total annual P in 2100 with each earthquake year across all model realizations
reveals how nearshore wave dynamics continue to evolve following coseismic subsidence (Fig. Sa;
SI Fig S1-2). 65.1% of model realizations experience a sustained or higher total annual Pj;¢r
through 2100 following the initial earthquake. An additional 12.5% of realizations experience negli-
gible change between the earthquake year and the end of the century. The remaining 22.4% of
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subsidence-emission pairing scenarios experience P;e decline following a coseismic subsidence-
driven increase. These contrasting trajectories reflect the nonlinear influence of water depth on
nearshore wave transformation: although initial coseismic subsidence shifts wave breaking land-
ward and increases energy delivery to the cliff across all sites and scenarios, in some instances, con-
tinued RSLR can deepen water over the shore platform such that suppressed wave breaking can re-
duce P.i¢r (Fig. 5b). In these instances, initiation of recovery is achieved, particularly for steeply
sloping sites concentrated in northern Cascadia (Fig 5a) and high subsidence-emissions pairings.
However, sites comprising subhorizontal platforms, scenarios under SSP2-4.5, or 0.5-1.0 m of co-
sismic subsidence are more likely to have permanently amplified hazard potential throughout the
rest of the century.

To distinguish substantial declines in P from more minor year-to-year wave climate vari-
ability, we identify all model realizations in which total annual P;¢ decreases by at least 5% be-
tween the earthquake year and 2100 (Fig. 5C). The magnitude of the post-peak decline is quantified
as the fraction of model realizations in which total annual Pg;¢ decreases by at least 5% between
Pigr during the earthquake year and 2100 (Fig. 5C). Under SSP2-4.5, the fraction of realizations
exceeding this threshold increases from approximately 10% under 0.5 m of subsidence to 30% un-
der 2.0 m. This sensitivity is substantially stronger under SSP5-8.5, where the fraction increases
from approximately 20% to 70% across the same subsidence scenarios. These results demonstrate
that more rapid late-century RSLR can progressively reverse the initial earthquake-driven amplifi-
cation of P, making enhanced wave energy delivery increasingly transient as the magnitudes of
both subsidence and subsequent sea-level rise increase.
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Figure 5. A) Map of study sites. Sites are denoted by the green circles, with shading indicating the

shore platform slope class as in Figure 1. Grids indicate whether some recovery is achieved, with

colors denoting for which emissions-subsidence pairings. Recovery occurs when peak P occurs

for an earthquake scenario in at least one earlier decade. A gray grid-cell indicates no recovery is

initialed or achieved for a specific emissions-subsidence pairings, with a fully gray grid cell denot-
ing no recovery under all simulations for that site. (B) Schematic depiction of the effects of subsid-

ence and SLR on P for each emissions scenario. C) Fraction of model runs where Py is re-
duced by 5% or more from peak total annual P;¢, by subsidence scenario.
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Discussion

Coseismic Subsidence and Sea Level Effects on Coastal Processes

Increasing coseismic subsidence and RSL decreases wave breaking in the nearshore (Fig. 2).
These results agree with past studies *° which find that as sea level rises, wave breaking decreases,
suggesting reduced energy transfer to the shore and likely less erosion. Megathrust earthquake-
driven subsidence leads to instant hydrodynamic transitions, where water depth at the cliff-base be-
comes sufficiently deep to turn off wave breaking for some percentage of incident waves. At face
value, this would suggest reduced energy at the cliff and therefore likely less erosion. The resulting
increase in water depth also produces an immediate landward migration of wave breaking. The
magnitude of the shift reflects the interaction between coseismic subsidence and shore-platform
slope, where greater subsidence produces greater shifts in nearshore water depth. Gently sloping
platforms translate this shift into a much larger landward migration of wave breaking relative to
steeply sloping platforms.

However, model simulations show that P;¢ increases with coseismic subsidence and RSLR
despite the reduction in wave breaking. This apparent contradiction reflects a competition between
two effects: the loss of waves from the breaking-wave population and the landward migration of the
waves that continue to break. Increasing water depth preferentially suppresses the breaking of
smaller, lower-energy waves. At the same time, larger waves continue to break but do so progres-
sively closer to the coastline. Because these waves traverse a shorter distance after breaking, they
dissipate less energy. This reduction in energy loss outweighs the removal of smaller waves from
the breaking-wave population, producing a net increase in total Pj.

Emissions Trajectory and Wave Hazard Amplification

Our results suggest an earthquake-climate coupling that governs the timing of maximum
wave power amplification and peak P;¢. Coseismic subsidence drives abrupt increase in water
depth, but the emissions-dependent sea-level trajectory determines when this perturbation produces
the window of maximum P_;¢ amplification (Fig. 3) and whether some amount of recovery can oc-
cur (Figure 5). Under SSP5-8.5, rapid sea-level rise initially promotes greater energy delivery and
hazard amplification but also advances the transition to suppressed wave breaking and reductions in
Pigr- Consequently, the window of maximum earthquake-driven amplification occurs earlier under
SSP5-8.5 than under SSP2-4.5, revealing that identical earthquakes may produce significantly dif-
ferent impacts depending on the background sea level and climate state.

High emissions shifts the period of maximum earthquake-driven coastal hazards earlier, as
rising sea levels diminish the relative impact of earthquakes occurring near the end of the century.
Following a megathrust earthquake, our results show that continued sea level rise can drive a partial
recovery of the nearshore wave climate as progressive deepening suppresses wave breaking and re-
duces the initial amplification of P, especially under SSP5-8.5. It is important to note, however,
that SSP5-8.5 is increasingly regarded as a relatively unlikely climate future ***°, By contrast,
SSP2-4.5 produces a more variable response across sites, a lower likelihood of nearshore recovery,
and less predictable impacts for earthquakes occurring at different times.

Further, the reduced P.;¢ amplification under a high emissions future should not be inter-
preted as a reduction in overall coastal hazard. The same increases in water depth that suppress
wave breaking and promote post-earthquake recovery also increase exposure to coastal inundation
84647 The apparent recovery of P more likely represents a redistribution of coastal hazards rather
than a return to pre-earthquake conditions.

The Legacy of Megathrust Earthquakes: Implications for Coastal Erosion and Future Haz-
ards

Coastal erosion and retreat are regulated by the wave power delivered to the shore. Conse-
quently, on rocky coasts, increases in Pgjg driven by coseismic subsidence and RSLR are expected
to enhance coastal erosion. However, increases in erosion are unlikely to be spatially uniform across

12
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the region because local shore platform morphology strongly regulates the magnitude of amplifica-
tion and whether recovery is attainable. The exact magnitude of potential cliff retreat remains ex-
ceedingly challenging to predict*®->°. Measured shoreline retreat rates in the region °!-5* and previ-
ously observed scaling relationships between wave power and erosion rates 334, strongly suggest
that multiple order of magnitude increases in P¢r are likely to accelerate cliff retreat, especially on
sub-horizontal and low sloping sites. This is especially consequential in Cascadia, where coastal
communities and critical infrastructure are commonly concentrated along or immediately landward
of eroding cliffs. Earthquake-driven increases in wave forcing could therefore compound the imme-
diate effects of ground shaking and tsunami inundation with elevated erosion hazards that persists
for decades.

While this study specifically focuses on Cascadia, the solid Earth-climate coupling we iden-
tify has global implications for hazards along tectonically active margins. The framework devel-
oped here provides a basis for predicting where earthquakes will produce sustained erosion, transi-
ent amplification followed by recovery, or an immediate reduction in wave attack following uplift.
Accordingly, hazard management and planning should incorporate the potential effects of these
multi-hazards to ensure proper preparedness and response not only in the immediate aftermath of an
earthquake, but in the decades that follow.

Methods

To evaluate the integrated and varying effects of coseismic subsidence and RSLR on near-
shore wave dynamics, we select 32 sites comprising rocky cliffs and bluffs across the length of the
CSZ (Fig. 1) dominated by offshore deepwater wave climates >*3. Hourly model simulations are
run from 2020 — 2100 for two climate scenarios; SSP2-4.5 and SSP5-8.5, which provide lower and
upper bounds corresponding to intermediate and high trajectories. These scenarios were selected
because SSP2-4.5 represents the lower limit of likely emissions trajectories while SSP5-8.5 serves
as an extreme, high-emissions upper bound >°.

We utilize [IPCC ARG6 regional, medium-confidence sea level projections for the correspond-
ing emissions scenarios in this study. We adopt the 50th percentile projections and extract the near-
est sea level curve for each study site from the underlying 1° resolution dataset %%, The accumula-
tion of strain along the coupled zone of the fault during the interseismic period drives vertical land
motion, with additional contributions and effects from glacial isostatic adjustment and fault creep at
depth 3762, The combined effect of these processes are expressed in vertical land motion rates de-
rived from local tide gauge sea level records, which also account for eustatic sea level trends 3. An-
nual rates are converted to hourly rates and applied at each model time-step. Because we inde-
pendently account for this deformation in the model, we use sea level curves from which the verti-
cal land motion contributions have been removed to avoid overestimating these effects.

Tidal influences on coastal water levels are accounted for by incorporating predicted hourly
water levels referenced to a mean sea level datum derived from harmonic analysis at the nearest
tidal station for each site for the model period .

Offshore wave power is determined for each site from hourly 1° deep-water wave forecasts
of significant wave heights and energy periods for the corresponding RCP emission scenario *!. To
account for local nearshore morphology and energy dissipation, we extract 1/2 km wide swath pro-
files along the prevailing wave direction from 1/3 arc-second resolution bathymetric data sets which
we interpolate to a Sm resolution . Linear wave theory is subsequently utilized to model wave
transformations associated with shallow-water propagation to identify where conditions for the
depth-dependent breaking criterion (y = 0.78) are satisfied for the entire distribution of forecast
wave measurements (SI).

Based on the water level that coincides with shore incident waves and their breaking dis-
tance relative to the coastal cliff, waves can be classified based on impact type (breaking, broken, or
unbroken) in accordance with Matsumoto et al., 2024. Breaking waves transfer the most energy be-
cause they break right at the cliff, while the amount of energy or power delivered by broken waves
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depends on the offshore breaking distance, which is modulated by wave size, coastal morphology,
and cliff-base water levels. For unbroken waves, we assume negligible cliff wave power because
these waves are reflected off the cliff face without breaking *3:6, Additionally, cliff-base wave
power is estimated using a modified decay function 67-6%:

Pcliff = Pbreakinge_k.d (1)

Where & (m™!) is an attenuation constant, representing the wave dissipation rate and d is the wave
breaking distance, defined at the position where depth-dependent breaking criterion is met. Three
different constants are utilized (0.01, 0.05, 0.1), for each cliff wave power calculation, representing
low, medium, and high attenuation respectively.

We systematically vary both the magnitude (0.5 m, 1.0 m, and 2.0 m) and timing (2030,
2040, 2050, 2060, 2070, 2080, 2090, and 2100) of coseismic subsidence. In addition, we include a
control scenario without earthquake-induced subsidence to isolate the effects of RSLR in the ab-
sence of coseismic deformation. Earthquake driven subsidence (or lack thereof) is the only differen-
tiating factor between these scenarios, all other processes and model inputs remain the same, thus
the baseline, SLR-only scenario still accounts for interseismic VLM.

These model simulations are conducted for both emission scenarios at each study site. We
run a total of 25 different simulations for each site per climate scenario for 1600 total model runs
(800 runs across each climate scenario).

To quantify the effects of earthquake driven subsidence relative to the scenario without any
coseismic subsidence, we calculate a wave power amplification factor (-). This is a ratio between
the total annual Pg;¢ of a given year for a scenario with an earthquake and the same metric for the
same year but for a baseline, SLR-only scenario:

Total Annual Psf for EQ Scenario

Amplification Factor =
mplification Factor Baseline SLR only Total Annual Pyff

Our model assumes that wave energy is conserved up to the point of breaking, neglecting
dissipation during shoaling, as the majority of energy loss occurs during the breaking process %72,
Additionally, we do not incorporate shallow-water processes such as wave setup, reflection, or re-
fraction. This simplification reflects our primary objective of isolating and characterizing the effects
of RSLR on nearshore energy transfer, rather than to comprehensively model all aspects of shallow-
water wave dynamics. This approach is consistent with prior wave modeling studies. The model
also does not account for any changes to coastal morphology other than vertical movement of the
cross-shore profile. Given the short timescale of the model simulations (80 years), the fact that we
do not estimate coastal erosion rates, and the lithological composition of our study sites, this is a
reasonable choice. Nonetheless, events like cliff failure or rapid shoreline retreat could lead to
changes in cliff-base wave energy regimes which the model cannot account for.

Competing interests: The authors declare no competing interest.

Data, Materials, and Software Availability

All data produced are publicly available through Zenodo. Note to Editor and Reviewers — All data
will be made publicly available on Zenodo, however, the data are not yet formally published with a
DOL. The formally published data will be cited here and linked with a DOI following review. This

delay is to enable edits to the dataset if substantive methodological changes are suggested during
the review process resulting in material changes to the data.
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