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2011 Christchurch Earthquake

Van Ballegooy and Russell (2015) Tonkin + Taylor Report

Liquefaction Effects 
• 60,000 of 150,000 single family homes 

affected; 8,000 homes demolished
• No rebuilding in red-zone along river
• Half of $30 billion NZD losses 

associated with liquefaction



Liquefaction at what scale?
Micro Scale

Element Scale

Site Scale

Bray et al. (2014)

Regional Scale



Regional Liquefaction Assessment
• Predict the occurrence of liquefaction and its consequences using 

globally (or regionally) available features
– Shaking intensity, PGA or PGV (ShakeMap)
– Digital elevation model (resolution?), slope S (resolution?)
– Groundwater depth (GWD)
– Distance to river/coast/water (L)

• Previous models
– Zhu, Baise, et al. (2015, 2017) – Occurrence
– Bozzoni et al. (2020) – Occurrence 
– Todorovic and Silva (2022) – Occurrence
– Durante and Rathje (2021) – Lateral spreading (DR21)



DR21 Predictive Model: Goals and Data
• Goal: Predict occurrence of lateral 

spreading and associated 
displacement

• Given: PGA, Elevation, Slope, GWD, 
Distance to river (L)

Durante and Rathje (2021) EQ Spectra, 
https://doi.org/10.1177/87552930211004613



Training Data
• ~7300 pts where displacement and CPT data are both available
− Inputs (PGA, L, S, Elev, GWD) from regional data
− Displacements from optical image correlation (Rathje et al. 2017)
− CPT data from NZ Geotechnical Database (NZGD)

• Random forest ML classification with K-fold cross validation

Occurrence

Displacement

7291 pts 3055 pts



DR21 Results: Lateral Spread Occurrence

FN

FPTP

TN

Accuracy: 88% Confusion Matrix

AUC = 0.91

ROC CurveFeature Importance



DR21 Data Publication

https://doi.org/10.17603/ds2-3zdj-4937

www.designsafe-ci.org

https://doi.org/10.17603/ds2-3zdj-4937


Can we use DR21 model globally?
• Next Generation Liquefaction (NGL) lateral spread dataset

No Country/Region Earthquake name UTC date Mw  
1 New Zealand Edgecumbe 1987-03-02 6.6
2 New Zealand Darfield 2010-09-03 7.0
3 New Zealand Christchurch 2011-02-21 6.2
4 Japan Niigata 1995-01-16 6.9
5 Japan Nihonkai-Chubu 2011-03-11 9.1
6 Japan Kushiro 1983-05-26 7.7
7 Japan Kobe, Japan 1964-06-16 7.6
8 Japan Tokachi 1993-01-15 7.6
9 Japan Tohoku-oki 2003-09-25 8.3

10 USA San Fernando 1971-02-09 6.6
11 USA Imperial Valley-06 1979-10-15 6.5
12 USA Superstition Hills-02 1987-11-24 6.5
13 USA Loma Prieta 1989-10-18 6.9
14 Mexico El Mayor-Cucapah 2010-04-04 7.2
15 Chile Maule, Chile 2010-02-27 8.8
16 Philippines Luzon, Philippines 1990-07-16 7.7
17 Taiwan Chi-Chi, Taiwan 1999-09-20 7.6
18 Turkey Kocaeli, Turkey 1999-08-17 7.5

− 3374 samples from 18 earthquakes   No. LS
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Local Source Global Source

L Manual, local imagery OpenStreetMap 

Elev 5-m LIDAR DEM 30-m ASTER DEM

Slope 5-m LIDAR DEM 30-m ASTER DEM

GWD NZGD Fan et al. (2013)

PGA NZGD ShakeMap

Global Geospatial Features



Distance to River/Coast/Water
Manual River Identification GSW: Global Surf Water

Pekel et al. 2021

FFR: Free-Flowing Rivers

Grill et al. 2019

OpenStreetMap 
Water Layer

Yamazaki Lab (U. Tokyo)



Evaluate DR21 ChCh Model (pt 1) 
• For NGL dataset, use global inputs in DR21 lateral spread model 

trained using local inputs



Evaluate DR21 ChCh Model (pt 2)
• For Christchurch event, use global inputs in DR21 lateral 

spread model trained using local inputs
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Train Global Model
• For NGL + DR21 data, train lateral spread model using global 

inputs 

Confusion Matrix ROC Curve Feature Importance

AUC = 0.92



Conclusions
• Regional liquefaction models are needed to incorporate 

liquefaction into seismic risk assessments
– Liquefaction occurrence
– Liquefaction consequences (lateral spreading, settlement, displacement)
– Model inputs must be globally available and models must be trained on 

global parameters 

• Data, data, data
– Reconnaissance needs to collect the data needed to build/evaluate regional 

liquefaction models
– Formally publish (and cite) data, scripts, etc. to accelerate research
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