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Motivation: Looking Forward

ü Ground failure damages infrastructure, hinders post-event mobility and recovery. 

ü For example:



ü In the CSZ, regional-scale assessments of coseismic ground failure are limited, have 

been resigned to many simplifying/conservative assumptions:

ü Predicted impacts to WA transportation assets in M9 event:

ü Begs further research but highlights potential impact.

2,669 bridges, 2,755 km of roads, 1,815 km of rail, and 8 

ports will likely be rendered unavailable due to liquefaction.

Motivation: Looking Forward

DHS (2019)[1]

[1] Department of Homeland Security (DHS) (2019). òResiliency Assessment: Washington State Transportation Systems,ó Regional 

Resiliency Assessment Program (RRAP), Executive Agency Publication HS 1.2:R 31/4. 



Motivation: Looking Backward

ü Soil liquefaction and landslides are unique among other paleoseismic artifacts:

ü Models exist for predicting these phenomena as a function of ground motions.

©USGS©NSF GEER

Very useful for recurrencerate

and/or tectonicmovement,butnot

explicitlytiedto groundmotions

Canòrecordógroundmotions

Paleoseismic Evidence

Earthquake Parameters Obtainable 

from Evidence

Rupture Date / 

Recurrence Rate

Resultant Ground 

Motions

Dendrochronology ṉ ?

Diatoms / Microfossils ṉ ?

Other Subsidence Markers ṉ ?

Tsunami Deposits / Impacts ṉ ?

On- & Off -Shore Turbidite Records ṉ ?

On-Fault Evidence ṉ ?

Landslides / Rockfall ṉ ṉ

Soil Liquefaction ṉ ṉ

Felt-intensity evidence ṉ ṉ



Motivation: Looking Backward

ü In the CSZ, considerable òpaleoliquefactionó has been discovered.

ü Evidence has been cataloged from least 185 locations (some with dozens of features)[2]

[2] Rasanen, R. A., Marafi, N. A., & Maurer, B. W. (2021). Compilation and forecasting of paleoliquefaction evidence for the strength of 

ground motions in the US Pacific Northwest. Engineering Geology, 292, 106253.

What can 

paleoliquefaction tell 

us about the motions 

experienced in 

1700?
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Modeling Ground Failure

üLiquefaction models generally fall into 3 tiers:

üTier 1: Requires only geologic or geospatial data; limited by lack of subsurface data.

üDemand: PGA or PGV 

üTier 2: Requires in-situ test data; most validated and widely used model in practice.

üDemand: PGA (rarely CAV, Sa)

üTier 3: Requires many soil/model parameters; can provide spatial/temporal insights. 

üDemand: Time Histories

  

Geospatial Models ά{ƛƳǇƭƛŦƛŜŘέ aŜŎƘŀƴƛǎǘƛŎ 
Models

Constitutive Models

Excess Pore Pressure Ratio, ru
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Modeling Ground Failure

üLandslide models can be described by the same 3-tier topology:

üTier 1: Requires only geologic or geospatial data; limited by lack of subsurface data.

üDemand: PGA or PGV 

üTier 2: Requires in-situ test data; most validated and widely used model in practice.

üDemand: PGA (rarely Sa, Duration)

üTier 3: Requires many soil/model parameters; can provide spatial/temporal insights. 

üDemand: Time Histories

  

Geospatial Models ά{ƛƳǇƭƛŦƛŜŘέ aŜŎƘŀƴƛǎǘƛŎ 
Models

Constitutive Models

Tier 1 Tier 2 Tier 3
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Looking Forward: Discrete Predictions Of  Liquefaction

ü For 400 sites with CPTs, we 

predicted liquefaction across 30 

M9 simulations using the highest 

quality data and Tier 2 models[3]é 

Cone Penetration Test (CPT) Locations

[3] Rasanen, R.A., Grant, A.R., Makdisi, A.J., Maurer, B.W., & Wirth, E.A. (2025). Implications of physics-based M9 ground motions on 

liquefaction-induced damage in the Cascadia Subduction Zone: Looking forward and backward. Earthquake Spectra, 41(2), 999-1028.



Looking Forward: Discrete Predictions Of  Liquefaction

ü Regional observations:

ü Probability of manifestation >60% 

at most Vancouver sites; >40% at 

most Seattle & Portland sites. 

ü Many coastal test sites do not 

contain liquefaction-susceptible soils 

(could exist at unsampled locales).

ü Scale of impact is immense.

ü Liquefaction could be pervasive, 

affect major hubs of population, 

transportation, and commerce. 

Median Probability of Manifestation (òBest Guessó)



Looking Forward: Discrete Predictions of  Liquefaction

2.5th Percentile Manifestation Probability (òBest Caseó)97.5th Percentile Manifestation Probability (òWorst Caseó)

ü In òbest case,ó sporadic manifestations expected (may be less severe in SODO than in 2001)

ü In òworst case,ó manifestations would be widespread (far more severe in SODO than in 2001)



Looking Forward: Continuous Predictions of  Liquefaction

ü Using geospatial ML and HPC, we precomputed liquefaction globally for all GMs [4].
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[4] Sanger, M. D., Geyin, M., & Maurer, B. W. (2025). Mechanics-informed machine learning for geospatial modeling of soil liquefaction: 

global and national surrogate models for simulation and near-real-time response. JGGE, 151(11), 04025126..



Looking Forward: Continuous Predictions of  Liquefaction

ü Executed models for 100 PNW scenario events (M9 and numerous crustal events)

CSZ M9 Median Scenario
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Looking Backward: Liquefaction

ü Studied [3] 10 paleoliquefaction study sites w/  CPTs (including new CPTs via USGS). 

ü Judging whether liquefaction did, or 

did not, occur in 1700 CE involves 

subjectivity, has uncertainty.

ü Observation uncertainties assigned 

Considering all available evidence:

Site

Score

Probability that 1700 

Observation is Positive (%)

Probability that 1700 

Observation is Negative (%)

0 0 100

1 10 90

2 20 80

3 30 70

4 40 60

5 50 50

6 60 40

7 70 30

8 80 20

9 90 10

10 100 0

3

3

3

2

9

7

3

9

6

2

[3] Rasanen, R.A., Grant, A.R., Makdisi, A.J., Maurer, B.W., & Wirth, E.A. (2025). Implications of physics-based M9 ground motions on 

liquefaction-induced damage in the Cascadia Subduction Zone: Looking forward and backward. Earthquake Spectra, 41(2), 999-1028.



Looking Backward: Liquefaction

ü òcsz-005ó is most likely to produce our 

interpretation of the 1700 CE 

paleoliquefaction evidence.

ü More broadly, simulations with 

stronger shaking in the south, weaker 

shaking in the north, are more likely. 

ü Yet òcsz-005ó does not fit the 

interpreted evidence especially wellé

ü Predictions suggest liquefaction should 

be relatively common in Puget 

Lowlands, but there is not yet  

obvious/proposed/apparent/favored 

evidence of 1700 CE liquefaction.
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Looking Backward: Liquefaction

ü How to interpret this difference?

1) Significant 1700 liquefaction evidence 

awaits discovery?

2) Component models used to predict site 

response, liquefaction are erroneous?

3) 1700 motions were less than M9 sims 

in parts of CSZ?

4) If  so, was 1700 slightly smaller than 

M9? Not a full-margin rupture? Why 

were the motions less?
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Key Needs

1. Ground motion simulations would ideally include site response (i.e., site effects); many 

simulations do not. Soils can impart dramatic changes to the expected motion:

Soil increases 

PGA by ~50%

Acceleration at 

other periods 

increases by 

~100% 



Key Needs

2. Uncertainty of regional-scale site-response would ideally be characterized

a. Uncertainty of soil-velocity model is large

(a) (b) (c)

Kellogg Island, Seattle



Key Needs

2. Uncertainty of regional-scale site-response would ideally be characterized

a. Uncertainty of soil-velocity model is large

b. Uncertainty of soil traits (need for modeling nonlinearity) is large

c. Different modeling methods can give very different results for same profile:



Key Needs

3. For backward-looking analyses, need 

more dating of paleoliquefaction!



3. For backward-looking analyses, need 

more dating of paleoliquefaction.

4. forward and backward analyses, need 

more subsurface test data (e.g., CPTs).

Key Needs

Cone Penetration Test Truck


