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Modelling 
earthquake scenarios 

2016 Central Italy M6.0 earthquake ( La Repubblica)

Are the models capable of reproducing the 
observed consequences?

What are the weaknesses and strengths 
of the models?

What can we learn from the event?



Validation of seismic risk models



GEM Global Risk Model v2018

Comparison between 
estimated and observed 

losses for 123 past events 
(1980-2017)

Validation of seismic risk models

USA

Observed losses adjusted to 2017 (B USD)
Silva et al. 2020
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Observations from past earthquakes

Finite fault models (eg. SRCMOD)
Reconnaissance reports

(eg. EERI LFE, EEFIT)
Post-Disaster Needs Assessment 

(WB, UN)

Notable events

Geographical coverage

Strong motion databases
National damage databases

(ShakeDado-Italy, SGC-Colombia, 
Mexico, Nepal, etc)

National databases

USGS ShakeMap Atlas, PAGER-CAT
NOAA Significant Earthquake DB

EM-DAT
UNDRR Desinventar

Global databases

Level of detail

GEM-ECD, CEQID
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Estimation of earthquake impact

Exposure model Fragility-Vulnerability functions
Intensity
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Ground motion fields

Damage distribution
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ImpactGround motion fields

GEM Earthquake Scenario Database

RupturesRecording stations

How to estimate the 
earthquake impact from a 

past event?

● Collect information for historical events: 
from rupture and recording stations to 
impact

● Store modelling alternatives and 
observations

● Define and adjust the input models
● Improve information as new studies and 

methodologies become available



GEM Earthquake Scenario Database

Information for 100 events in 32 countries



GEM Earthquake Scenario Database



GEM Earthquake Scenario Database

Conditioning ground shaking 
on recorded station data

● OpenQuake implementation of the conditioning 
methodology proposed by Engler et al. (2022)

● User-adjustable input files
○ Rupture definition
○ Ground motion models (GMMs & GMICE)
○ Custom vs30 or site-amplification functions
○ Use of different models for the spatial 

cross-correlation of the within-event residuals 
and cross-correlation of the IMs for the 
between-event residuals

● Estimates for any Intensity Measure Type 
(IMT) supported by the selected GMM

Recording stations



GEM Earthquake Scenario Database

2016 M7.0 Kumamoto, Japan

Recording stations



GEM Earthquake Scenario Database

2023 M7.8 Kahramanmaraș-Gaziantep, Turkey

Recording stations



GEM Earthquake Scenario Database

2017 M7.1 Puebla, Mexico

Recording stations



GEM Earthquake Scenario Database

2001 M7.6 San Miguel, El Salvador

Recording stations
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2010 M7.0 Haiti

Recording stations



GEM Earthquake Scenario Database

2010 M7.0 Haiti

Recording stations



GEM Earthquake Scenario Database

2005 M7.6 Kashmir, Pakistan

Recording stations



GEM Earthquake Scenario Database

RupturesRecording stations



GEM Earthquake Scenario Database

Ground motion fieldsRupturesRecording stations



GEM Earthquake Scenario Database

Which GMM better describes the ground shaking?

● A model derived for the specific region

● Models used in the national PSHA model

● Models used in regional PSHA models

Distance to the rupture (rrup, km)
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ShakeMaps

Ground motion fieldsRupturesRecording stations
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Ground motion fieldsRupturesRecording stations
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Ground motion fieldsRupturesRecording stations



GEM Earthquake Scenario Database

ImpactGround motion fieldsRupturesRecording stations
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ImpactGround motion fieldsRupturesRecording stations
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2017 M7.1 Puebla, Mexico



Seismic stations [143]

2017 M7.1 Puebla, Mexico



2017 M7.1 Puebla, Mexico

Puebla

40
 km

80
 km

Impact of different rupture geometries and parameters

CDMX

70 km
100 km



Seismic stations [143]

Melgar et al 
2018

2017 M7.1 Puebla, Mexico

Impact of different rupture geometries and parameters



GMM: Kanno2006Deep
Rupture: Melgar et al. 2018
Max. PGA: 0.81g

GMM: ParkerEtAl2020SSlab
Rupture: Melgar et al. 2018
Max. PGA: 0.43g

GMM: AbrahamsonEtAl2015SSlab
Rupture: Melgar et al. 2018
Max. PGA: 0.23g

2017 M7.1 Puebla, Mexico



Seismic stations AbrahamsonEtAl
2015SSlab

ParkerEtAl
2020SSlab

Kanno
2006Deep

Max PGA 0.23 g 0.43 g 0.81 g
Completely 
damaged buildings

37 k 154 k 141 k

2017 M7.1 Puebla, Mexico

Risk estimates - sensitivity analysis



Country level impact
Fatalities: 362-471

Destroyed units: 16-20 k
Damaged units: +40-50 k
Affected units: 150-190 k

2017 M7.1 Puebla, Mexico



Country level impact
Fatalities: 362-471

Destroyed units: 16-20 k
Damaged units: +40-50 k
Affected units: 150-190 k

2017 M7.1 Puebla, Mexico
Seismic stations AbrahamsonEtAl

2015SSlab
ParkerEtAl
2020SSlab

Kanno
2006Deep

Max PGA 0.23 g 0.43 g 0.81 g
Completely 
damaged buildings

37 k 154 k 141 k

● Damaged units (buildings, 
dwellings, or households)

● Reported damage states

● Year of the event vs year of the 
exposure model
How to move forward or backwards



Puebla
Fatalities: 45

Partially damaged: 22,700
Totally damaged: 5,700

Tlaxcala
Fatalities: -

Partially damaged: 23
Totally damaged: 11

Guerrero
Fatalities: 6

Partially damaged: 2,050
Totally damaged: 1,150

Mexico state
Fatalities: 15

Partially damaged: 3,400
Totally damaged: 2,700

CDMX
Fatalities: 228

Partially damaged: -
Totally damaged: 13,550

2017 M7.1 Puebla, Mexico

2017 M7.1 Puebla, Mexico

Morelos
Fatalities: 74

Partially damaged: 9,700
Totally damaged: 6,100



2017 M7.1 Puebla, Mexico

2017 M7.1 Puebla, Mexico

Building level observations
42,370 entries

7 occupancy classes
building characteristics:
- Number of stories
- Period of construction



Beyond ESD

Validation

Completeness

GEM Earthquake Scenario Database
Short-term Mid-term Long-term

Moderate and low 
damaging events

Incorporate 
recent events Expand sources of 

information

Improving quality of 
existing events

Include events in 
other regions

Integrating the ESD with 
the GRM workflow

Continuous validation or GRM 
models (hazard, vulnerability, 

exposure, risk)

Contribute to 
data-driven predictions

Infrastructure Tsunami, fires, 
landslides

PLA

Physics vs. Data 
based estimations

2023



https://github.com/gem/earthquake-scenarios



Thank you!


