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GMPE for soil sites





Quantifying & Reducing Uncertainties

1. Improve prior models:

• Improved regional (ergodic?) GMM’s, IPEs, GMICE.
• ShakeMap Atlas V4: 250 more loss events since 2010, w/ better data constraints, 

population, demographics, etc., than previous generation.
• Loss models – better data, exposure & vulnerability databases, etc.
• Calibration w/ better uncertainty propagation (ShakeMap, population, losses).

2. Update prior models on-the-fly by adding ground truth observations:

• Citizen-science, crowd-sourced observations, official/media reports
• Imagery (InSAR, optical, UAV, lidar)
• Building & infrastructure damage (site specific) observations
• Ground failure (specific occurrences of liquefaction & landsliding)



Courtesy of D. Lallemant
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(500 reported 
after 7 hrs)

(1,805 reported 
after 29 hrs)

(8,471 reported 
after 28 days)

Gorkha, Nepal Eq

Noh, Engler, Jaiswal, & Wald (2020) Introduction to the updating framework

• Goal: Improve PAGER’s fatality estimates in the hours/days after an earthquake

Initial PAGER Histogram
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Slide courtesy of Davis Engler, CSM/USGS
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(a) The projection step, where the reported loss data at time 𝑡1 is used to obtain an estimate of total loss based

on the loss projection model. (b) The updating step, using the estimated total loss given the report at time 𝑡1as

an observation of total loss, the PAGER loss distribution is updated to obtain a new estimate of the total loss

distribution.

Noh, Engler, Jaiswal, & Wald (2020) 



us7000gclu.loss_data.txt

1/17/2022 Afghanistan us7000gclu
# Hrs, Fatalities, Source

8.6,155, AP
9.21,255, Firstpost India

14.82,920, Reuters
15.35,1000, Reuters
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NASA/JPL Damage Proxy Map (DPM) & other examples

Ridgecrest Earthquakes 2019

Landfall: Sep 20  10:15z

Sentinel-1: Sep 21  10:14z

ARIA DPM Delivery: Sep 22  21:53z

FEMA delivered the map to its USAR

Hurricane Maria 2017

(Ross et al., Science 2019; Hough et al., BSSA 2020; Zimmaro et al., BSSA 2020)

Images from S. Yun, EOS/NTU; Masae Analytics

Mayon Volcano 
2018

Camp Fire 2018

Beirut Explosion

2016 Amatrice 
Earthquake

2020 Beirut Explosion

Source: NY Times, 4.16.22; Masae Analytics.

https://www.masae-analytics.com/post/estimating-cities-destruction


Zimmaro et al 2020

Landslides?

Building damage?

Noise?

Kathmandu M7.8Ridgecrest M7.1

Ridgecrest

InSAR “Damage Proxy Maps” (DPMs):Pre-post event changes in image correlation

Sang-ho Yun, NASA/JPL



https://www.bayesserver.com/docs/techniques/mixture-models

A mixture model - a collection of multivariate gaussian distributions

Landslides?
Building damage?
Noise?
Landslide caused building damage?
Liquefaction caused building damage?
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Causal graph model to solve for complex interactions

Conceptual Model
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See Susu Xu et al. this meeting (Thurs)



Xu, Dimaska, Wald, & Noh (2021)

Causal graph model to approximate complex interactions



Example Results – An easy case

The 2018 Hokkaido, Japan Earthquake of September 2018 (M6.6)

DPM3: 30m resolution, covered the towns of Atsuma and Abira, generated by ARIA team using 
the SAR images from the ALOS-2 satellites of the Japan Aerospace Exploration Agency 

Susu Xu, Dimaska, Wald, & Noh (2021)

observed 
landslides
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Atlas V4 prior Posterior w/ V4 prior observed slides

Susu Xu, Dimaska, Wald, & Noh (2021)



The 2020 Puerto Rico earthquake struck the southwest area of Puerto Rico on January 7, 2020, at 4:24 
am (AST) by a Mw 6.4 earthquake 

DPM2: 30m resolution, covered the towns of Atsuma and Abira, generated by ARIA team using 
the SAR images from the Copernicus Sentinel-1 satellites of the European Space Agency 

Example Results – A more difficult case

Susu Xu, Dimaska, Wald, & Noh (2021)
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Results
Prior

Our model

Cross-entropy loss:

Prior: 0.0238
Posterior: 0.0175 
AUC:

Prior: 90.36 %

Posterior: 90.83%

Cross-entropy loss:

Prior: 0.0301
Posterior: 0.0095
AUC:

Prior: 82.87 %

Posterior: 90.49%

Landslide

Liquefaction Building Damage

Binary-class AUC:

Prior: 69.50 %

Posterior: 92.36%



Distribution of Posterior & Prior over the map

(posterior has fewer low-probability areas)

Liquefaction Landslides
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Results

Causality quantification for different events to reveal the causation mechanisms
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Ongoing efforts …

• Update the causal graphical model with incoming ground truth observations

• Testing approach on more earthquake datasets (but need: good DPM, good ShakeMap, 
building damage data, and digital GF datasets

• Implement a priori  building damage models (PAGER semi-empirical models)

• Improvements to a priori  ground failure models (work in progress)



Quantifying & Reducing Uncertainties

1. Improve prior models

2. Update prior models on-the-fly by adding ground truth observations



The USGS ShakeCast Team is seeking app’s for a Civil Engineer/ Programmer 
at the National Earthquake Information Center, in Golden, Colorado

Apply at USAJobs (https://www.usajobs.gov/job/659923500)
or for more information contact David Wald (wald@usgs.gov)

https://www.usajobs.gov/job/659923500

