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Rocky coasts are an expression of 
tectonics, sea level, and wave action
• Vertical land motion 

exposes fresh rock at the 
shoreline

• Power delivered by broken 
and breaking waves 
backwears the shoreline

• Sea level shifts nearshore 
water depth and locus of 
wave attack

Anderson, 1999



What is the role of the 
earthquake cycle in pacing 
rocky coast erosion?
• Decadal scale shoreline retreat rates 

scale inversely with interseismic uplift
• More rapid uplift buffers shoreline 

retreat, subsidence accelerates retreat

Lopez and Masteller, 2026
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How can we predict shifting coastal 
erosion hazards following the next 

Cascadia earthquake?



Rising sea level rise and intensifying 
wave climate as a shifting baseline



The trajectory of wave breaking with rising 
sea level on rocky coasts



The trajectory of wave breaking with rising 
sea level on rocky coasts



Rising water levels shift wave breaking 
landward, increasing total wave power



Small wave breaking suppressed, but 
landward shift still dominates



Landward shift saturates, loss of breaking 
waves reduces power delivery



Shore platform is drowned, wave breaking 
shut off completely



Wave power delivery follows a humped 
trajectory with rising water level
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Wave power delivery follows a humped 
trajectory with rising water level

What happens when we add an earthquake?
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Coseismic subsidence rapidly shifts the 
trajectory of wave power delivery

The degree of this trajectory shift is location specific – integrating 
offshore wave climate, timing and magnitude of coseismic 
subsidence, and shore platform morphology

Lopez and Masteller, in prep
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Modeling EQ-driven shifts in coastal 
wave power delivery across Cascadia

• 32 rocky coast study sites 
across Washington, Oregon, 
and Northern California

• Shore platform 
morphology modulates 
RSLR effects and wave 
breaking

• Steeper slopes 
concentrate wave breaking 
near the shore and are less 
sensitive to water level 
changes than more gradual 
slopes

Lopez and Masteller, in prep



• Projected sea level and wave 
climate from SSP2 4.5 & 8.5

• Coseismic subsidence (0.5, 1, 
2 m) for an EQ every decade 
from 2030-2100 & no EQ 
control (64 scenarios per site)

• Calculate number of broken, 
breaking, and unbroken waves 
and wave breaking distances

• Estimate wave power at cliff 
front as:
𝑃!"#$$ = 𝑃%&'()#*+𝑒(-)./!)

Lopez and Masteller, in prep

Modeling EQ-driven shifts in coastal 
wave power delivery across Cascadia



• Cliff front wave power 
represents the potential 
for erosion across sites

Lopez and Masteller, in prep

Modeling EQ-driven shifts in coastal 
wave power delivery across Cascadia

Huppert et al., 2020



Wave breaking is most strongly reduced 
on steep shore platforms

Immediate reduction in breaking and broken waves across all sites

~400 waves ~500 waves ~1400 waves

SSP2 – 4.5 – 2050 Earthquake

Horizontal platform Gently-sloping platform Steep platform
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Wave breaking is most strongly reduced 
on steep shore platforms

Lopez and Masteller, in prep

Immediate reduction in breaking and broken waves across all sites



Annual cliff front wave power enhanced 
across all sites

Lopez and Masteller, in prep

SSP2 – 4.5 – 2050 Earthquake

Horizontal platform Gently-sloping platform Steep platform

Coseismic subsidence increases potential for coastal erosion



Quantifying EQ-driven amplification of wave 
power delivery at the coastline

Degree of wave power 
amplification quantified as:

Total annual power 
for EQ scenario

Total annual power 
for SLR only

Values >1 indicate increase in 
wave power driven by 
coseismic subsidence

Lopez and Masteller, in prep



Wave power amplification is greatest on 
horizontal platforms, reduced at steep slopes

Total annual power 
for EQ scenario

Total annual power 
for SLR only
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SSP2 – 4.5 – 2050 Earthquake
Degree of wave power 
amplification quantified as:

Values >1 indicate increase in 
wave energy driven by 
coseismic subsidence



Wave power amplification is greatest on 
horizontal platforms, reduced at steep slopes

Total annual power 
for EQ scenario

Total annual power 
for SLR only
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SSP2 – 4.5 – 2050 Earthquake
Degree of wave power 
amplification quantified as:

1000-fold increase 
in annual wave power!

Values >1 indicate increase in 
wave energy driven by 
coseismic subsidence



Wave power amplification is greatest on 
horizontal platforms, reduced at steep slopes

Total annual power 
for EQ scenario

Total annual power 
for SLR only

Lopez and Masteller, in prep

SSP2 – 4.5 – 2050 Earthquake
Degree of wave power 
amplification quantified as:

I.2x SLR-only 
wave power

Values >1 indicate increase in 
wave energy driven by 
coseismic subsidence



Lopez and Masteller, in prep

SSP2 – 4.5 – 2050 Earthquake SSP2 – 8.5 – 2050 Earthquake

Wave power amplification is greatest on 
horizontal platforms, reduced at steep slopes



Wave amplification effects dominated by 
landward shift in wave breaking

• Greater 
subsidence 
more effectively 
concentrates 
wave breaking

• Saturation in 
landward shift 
effects only in 
most extreme 
subsidence 
scenarios

Lopez and Masteller, in prep



How does EQ timing influence coastal 
wave power amplification?
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For horizontal platforms
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• Timing matters!
• “Business as usual” 

scenario wave power 
amplification peak 
occurs late (2080)

For horizontal platforms

Peak wave power



How does EQ timing influence coastal 
wave power amplification?
• Timing matters!
• More severe emissions 

scenario wave power 
peak occurs early 
(2040)

• Wave power 
amplification steadily 
decays for later EQs

Lopez and Masteller, in prep

For horizontal platforms

Peak wave power

Decreasing wave-driven
 hazard potential



How does EQ timing influence coastal 
wave power amplification?

Lopez and Masteller, in prep

• Timing matters!
• Trade-offs in peak wave 

power amplification by 
emissions scenario 
depending on EQ timing

For horizontal platforms



How does EQ timing influence coastal 
wave power amplification?
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SSP4.5
SSP8.5

For horizontal platforms



How does EQ timing influence coastal 
wave power amplification?
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SSP4.5

SSP8.5

For horizontal platforms



SSP5-8.5 wave 
amplification is 

greater than SSP2-4.5

SSP2-4.5 wave amplification 
is greater than SSP5-8.5

Climate-solid earth hazard interactions 
inform coastal erosion rates across Cascadia

Lopez and Masteller, in prep

Maximum coastal erosion 
hazard window set by EQ timing 
and emissions scenario
Future work:
• How does amplified wave power 

translate into more rapid erosion 
across sites? Poorly 
constrained!

• Timescales of recovery and 
coastal change – how does 
interseismic VLM and rising sea 
level mediate EQ effects on 
waves?







SSP5-8.5 amplification is 
greater than SSP2-4.5

SSP2-4.5 amplification is 
greater than SSP5-8.5

Climate-driven shifts in maximum EQ-driven 
wave-driven coastal hazard window

Lopez and Masteller, in prep











How does EQ-timing influence wave 
energy amplification effects?

Lopez and Masteller, in prep

• Timing matters!
• When EQ occurs early, 

SLR curves have not 
diverged enough to 
make a difference

• More severe emissions 
scenario wave energy 
peak occurs early (2040)

• “business as usual” 
scenario wave energy 
peak occurs late (2080)



Climate-driven shifts in maximum EQ-driven 
wave-driven erosion hazard window
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Matsumoto, 2024



Steeply sloping

Horizontal

Gently sloping









• Peak EQ hazard 
window for SSP-8.5 
from 2050-2060

• Peak EQ hazard 
window for SSP2-4.5 
at 2080

 



How will co-seismic subsidence combine with sea 
level rise to transform coastal wave energy delivery?



~400 waves ~500 waves ~1400 waves

SSP2 – 4.5 – 2050 Earthquake

Horizontal platform Gently-sloping platform Steep platform

Wave breaking is most strongly reduced 
on steep shore platforms

Lopez and Masteller, in prep

Continued reduction of wave breaking driven by sea level rise



Annual cliff front wave power enhanced 
across all sites

Lopez and Masteller, in prep

SSP2 – 4.5 – 2050 Earthquake

Horizontal platform Gently-sloping platform Steep platform

Post-EQ wave power enhancement variable across sites

?



Matsumoto et al., 2024


