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Modelling o

earthquake scenarios

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?

2016 Central Italy M6.0 earthquake ( La Repubblica) b



Validation of seismic risk models GEM



Validation of seismic risk models

GEM Global Risk Model v2018

Comparison between
estimated and observed
losses for 123 past events
(1980-2017)
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Examples

Observations from past earthquakes SN

Notable events National databases Global databases
Finite fault models (eg. SRCMOQOD) Strong motion databases USGS ShakeMap Atlas, PAGER-CAT
Reconnaissance reports National damage databases NOAA Significant Earthquake DB
(eg. EERI LFE, EEFIT) (ShakeDado-Italy, SGC-Colombia, EM-DAT

Post-Disaster Needs Assessment Mexico, Nepal, etc)

(WB, UN) UNDRR Desinventar

GEM-ECD, CEQID

Geographical coverage

Level of detail



Ground motion fields

?

Estimation of earthquake impact

Global Exposure Map

Exposure model

T

Probability of Exceedance

Intensity

llllll

Fragility-Vulnerability functions

!

m} OPENQUARE
calculate share explore

Loss statistics

Damage distribution
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Recording stations Ruptures -

How to estimate the e C(Collectinformation for historical events:
earthquake impact from a from rupture and recording stations to
past event? impact

e Store modelling alternatives and
observations

e Define and adjust the input models

- e |mprove information as new studies and
surda = methodologies become available



GEM

GEM Earthquake Scenario Database

Information for 100 events in 32 countries



GEM Earthquake Scenario Database

Search or jump to...

@)

& gem /earthquake-scenarios ' Private

<> Code (©) Issues 19 Pull requests

¥ main ~ ¥ 1branch © 0 tags

a: CatalinaYepes Update contribute_guidelines.md

M Albania/20191126_M6.4_Albania

B8 Algeria/20030521_M6.8_Boumerdes
B Australia/19891227_M5.4_Newcastle
8 Botswana/20170403_M6.5_Moijab...
Chile

8 Colombia

M Costa_Rica

@B Croatia

Cyprus/19961009_M6.8_Cyprus

B8 Ecuador/20160416_M7.8_Pedernales

[ |

Egypt/19921012_M5.9_Cairo

El_Salvador

() Actions

Pull requests Issues Codespaces Marketplace Explore

[ Projects [0 Wiki @ Security [~ Insights

Go to file

c8f19df 12 hours ago

Add events Albania

Add events in Algeria
Add events NZ and AUS
Add events in Africa
Add events Chile

Add events Colombia
Add events Costa_Rica
Add events in Croatia and Serbia
Add events in Cyprus
Add events in Ecuador
Add events in Africa

Add events in El Salvador

®Unwatch 7 ~ % Fork 0 -

3 Settings

Add file ~ <> Code ~

D 31 commits

13 hours ago
14 hours ago
13 hours ago
13 hours ago
13 hours ago
13 hours ago
13 hours ago
13 hours ago
13 hours ago
13 hours ago
13 hours ago

13 hours ago

About e
GEM Earthquake Scenario Database

earthquakes openquake

Readme
Activity
0 stars

7 watching

< 0 % ¢ B

0 forks

Releases

No releases published
Create a new release

Packages

No packages published
Publish your first package




GEM Earthquake Scenario Database SIERS

Recording stations

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

e User-adjustable input files

o  Rupture definition
m \ OPENQUAKE o Ground motion models (GMMs & GMICE)
RN o Custom vs30 or site-amplification functions
o _ o Use of different models for the spatial
Conditioning ground shaking cross-correlation of the within-event residuals
on recorded station data and cross-correlation of the IMs for the

between-event residuals

e Estimates for any Intensity Measure Type
(IMT) supported by the selected GMM
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Recording stations
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Recording stations
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Recording stations
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Recording stations
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Recording stations

GEM
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Recording stations
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Recording stations

GEM
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Recording stations

Rupture details

atribute
Fault mecanism

Tectonic region type

Ruptures

description
Normal

Subduction Intraslab

Preferred nodal plane solution

source

GCMT

GFZ

IPGP

JMA
Melgar_et_al_2018

SSN

USGS

longitude latitude depth

-98.63 18.59 51
-98.49 18.56 50
-98.399 18.584 58
-98.255 18.354 50
-98.6878 18.3044 57.5
-98.6712 18.3297 51.2
-98.4887 18.5499 48

strike

108.94

103.94

110.94

108.94

119.04

111.94

109.35

dip

46

49

37

45

4391

46

45.82

rake

-97

mag

71

71

71

74

71

71

71

Rupture figure

18.6

18.0

LT

GemMT
GFZ
PGP
JMA
Melgar_et_al 2018
SSN
UsGs

-99.0

-98.8

-98.6

-98.4

-98.2

-98.0

GEM
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Recording stations Ruptures

GROUND MOTION FIELDS USING OPENQUAKE

This folder includes the OpenQuake input files to generate scenario ground motion fields (gmfs) considering different sources of
information:

1. From rupture.

2. From rupture and conditioned to recording stations (with only seismic stations or with seismic and macroseismic stations).
3. From ShakeMap.

The following files are available:

¢ stationlist_seismic.csv: OpenQuake input file with past observations, considering only seismic stations. If no seismic stations
are available for the event, the file is not reported.

stationlist_all.csv : OpenQuake input file with past observations, considering seismic and macroseismic stations. If no
macroseismic stations are available for the event, the file is not reported.

site_model_stations.csv : OpenQuake input file with the site model (Vs30 values) at the location of the observations.
site_model.csv : OpenQuake input file with the site model for which the ground shaking will be estimated.
site_model.png : Figure of the site model (Vs30 based on USGS data).

gmpe_logic_tree_x.xml: OpenQuake input file with the logic tree file for the ground motion model.

job_stations_none.ini : Example of a configuration file ( job.ini ) for running OpenQuake calculations without conditioning
the ground shaking to given observations.

job_stations.ini : Example of a configuration file ( job.ini) for running OpenQuake calculations when conditioning the ground
shaking to given observations.



Peak Ground Acceleration (g)

Recording stations

10' 3

10° 3

GEM Earthquake Scenario Database

Mw=7.8

—— [AtkinsonBoore2003SInter]

—— [ZhaoEtAI2006SInter]

—— [BooreEtAI2014]
[AbrahamsonEtAI2015SInter]

10' 10°

Distance to the rupture (rrup, km)

GEM

Which GMM better describes the ground shaking?

e A model derived for the specific region
e Models used in the national PSHA model

e Models used in regional PSHA models

@))GEM ShakeMaps;z USGS

GLOBAL EARTHQUAKE MODEL & 2
working together to assess risk science for a changing world
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Recording stations

Median ground motion fields

The following images present the median ground motion field for the combination of rupture and GMPE that generates the lowest
nominal bias when conditioning the ground shaking to observations. The folder Sensitivity provides the summary of the sensitivity
analysis carried out with the available ruptures and GMPEs.

Median gmf - 20170919_M7.1_Puebla Median gmf - 20170919_M7.1_Puebla
2015551ab, Recording Stati Rupture:USGS, :GEM, ing Stati
‘GMPE: AbrahamsonEtAI2015SSlab (Max PGA=0.34g) GMPE: AbrahamsonEtAI20155Slab (Max PGA=0.24g)
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Recording stations Ruptures

Sensitivity analysis
The following information is available in the Sensitivity folder:

e calculation_summary.csv : Details on the calculations carried out in the sensitivity analysis.

¢ log_calc_x.txt : File with the OpenQuake running information in a .txt format. This file includes the nominal bias estimates for
each GMPE present in the logic tree model.

+ gmf_median_PGA_x.csv : Generated ground motion fields for PGA for a given calculation ID.

Metadata in file calculation_summary.csv

« calc_id : unique identifier for the calculation.

« description : details on the calculation

¢ cal_time : time of the calculation.

e recording_stations : "All" stations (seismic + macroseismic), or only "seismic" stations.
¢ gmlt : Ground Motion Logic Tree used in the calculation.

e rupture : Rupture model used in the calculation.

* gmpe : Ground Motion Prediction Equation (ground motion model).

« imt : Intensity measure type.

¢ max_gmv : Maximum ground motion value.

e nominal_bias_mean:

e nominal_bias_stdev : Standard deviation for the nominal_bias_mean .
« abs_bias : Absolute value of the nominal_bias_mean .
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Recording stations Ruptures

Name Last commit Last update
B Impact_All_ID_0.csv Adjust DS definitions to EMS-98 and fix currency in insured ... 2 months ago
[ Impact_Buildings_Detailed.csv Update Impact information at smaller ID levels 1 month ago
4 Impact_Buildings_ID_1.csv Update Impact information at smaller ID levels 1 month ago
B Impact_Human_ID_1.csv Update Impact information at smaller ID levels 1 month ago
[ Impact_Human_ID_2.csv Update Impact information at smaller ID levels 1 month ago
~+ README.md README modification 1day ago
[ README.md

Information at different administrative levels is collected for the consequences of the event, which include building damage, economic
losses, and human impact due to the earthquake and its induced effects.

The file Impact_Al1_ID_@.csv provides the national summary of consequences reported by multiple sources.

When information is available at finer resolutions, dedicated files for each administrative level available are generated for the building and
human impact.

¢ Impact_Buildings_ID_n.csv : Damaged building data at administrative level n.
* Impact_Human_ID_n.csv : Data of human impact information at administrative level n.

Note: When available, building-level information is included.
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Recording stations Ruptures

Metadata

Check the definitions of the parameters used in the impact files in the impact metadata section.

Notes

References

Detailed online databases

* CICM-SMIE-2017.zip: https://www.google.com/maps/d/u/0/fembed?mid=1PXMeBskK1rA21-C4A2zKUa87-
7k&l1=19.39727832942907%2C-99.12452079999998&z=11. Databased published on December 20, 2021. Last accessed May 2022.

« Datos_Abiertos_Puebla.zip: http://www.datos.puebla.gob.mx/dataset/. Last accessed May 2022.

* sismosmexico_Puebla.zip: https://www.sismosmexico.org/mapa. No longer available. Check
https://web.archive.org/web/20200919142813/https://www.sismosmexico.org/mapas. CICM-SMIE-2017.zip based on this
database. Last accessed May 2022.

Publications

* Ear _Impact_D: _EID_2017: The EID has identified every earthquake causing damage and/or casualties.
https://docs.google.com/spreadsheets/d/1oveZ420LdJFnKu2aZfMg4aV1AR_OgHftxRm-65bJw4w/edit#gid=0. Last accessed May
2022. Additional information: https://www.risklayer-explorer.com. Last accessed May 2022.

« Galvis_et_al_2020: Overview of collapsed buildings in Mexico City after the 19 September 2017 (Mw7.1) earthquake. Earthquake
Spectra. 2020;36(2_suppl):83-109. https://doi.org/10.1177/8755293020936694. Last i May 2022.

« Galvis_et_al_2020: Overview of collapsed buildings in Mexico City after the 19 September 2017 (Mw7.1) earthquake. Earthquake
Spectra. 2020;36(2_suppl):83-109. https://doi.org/10.1177%2F8755293020936694. Last accessed May 2022.

« Garcia-Carrera_et_al_2018: El terremoto 19S en Morelos: la experiencia operativa del INEEL en la evaluacién del riesgo estructural.
Salud Publica Mex 2018;60(supl 1):S65-S82. https://doi.org/10.21149/9408. Last accessed Oct 2022.

* GEER_2017: Geotechnical Extreme Events Reconnaissance Association (GEER). Geotechnical engineering reconnaissance of the 19
September 2017 Mw 7.1 Puebla-Mexico city earthquake, version 2.0 2017. Report No. GEER 055-B. https://doi.org/10.18118/G6JD46.
Last accessed May 2022.
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GMM: AbrahamsonEtAI20155Slab ~ GMM: ParkerEtAI20205Slab GMM: Kanno2006Deep
Rupture: Melgar et al. 2018 Rupture: Melgar et al. 2018 Rupture: Melgar et al. 2018
Max. PGA: 0.23g Max. PGA: 0.43g Max. PGA: 0.81g



7 M7.1 Puebla, Mexico

Seismic stations AbrahamsonEtAl ParkerEtAl Kanno
2015SSlab 2020SSlab 2006Deep

Max PGA 0.23¢g 0.43¢g 081g -

Completely 37k 154 k 141k
damaged buildings

002

GMM: AbrahamsonEtAI2015S5SIab
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= I__:Ia, Mexico

2017 M7.1

Country level impact
~ Fatalities: 362-471
Destroyed units: 16-20 k -
_ Damaged units: +40-50 k
- Affected units: 150-190 k

GEM
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_ Damaged units: +40-50 k
~ Affected units: 150-190 k

3

* 2017 M7.1 Puebla, Mexico

Country level impact
~ Fatalities: 362-471
Destroyed units: 16-20 k

GEM

Seismic stations AbrahamsonEtAl ParkerEtAl  Kanno
2015SSlab 2020SSlab 2006Deep

Max PGA 0.23g 043g 081g

Completely 37k 154 k 141 k

amaged buildings

| - -» 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
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I S | CDMX
i Fatalities: 228

« . ' . Partially damaged: - /?(
e 1 Totall\/ damaged 13,550 ofl

N

Tlaxcala
Fatalities: -

Partially damaged: 23
\Totall\/ damaged: 11

Mexico state
Fatalities: 15°
Partially damaged: 3,400
Totally damaged: 2,700

Fatalities

O

\ 74 228
N\ (""‘ - B 1 //__/_
L «
k\\.‘\&_\\
Puebla
Fatalities: 45

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

~ Morelos

Guerrero ' Fatalltles 74 ' W
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12, T 1 o o
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\\_,;.w/ 2017 M7.1 Puebla, Mexico
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Guerrerg,

Building level observations
42,370 entries
7 occupancy classes
building characteristics:
- Number of stories
- Period of construction

GEM

Fatalities

.

15 45 74 228
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2023

r Incorporate
COmpicteness Moderqte andlow " gcent events \ Expand sources of |
Include events in damaging events information e
other regions
Integrating the ESD with Continuous validation or GRM DR
deihelztn the GRMworkflow ~~ ———  models (hazard, vulnerability, =

Improving quality of exposure, risk)

existing events

Infrastructure Tsunami, fires,
Contribute to landslides \ Physics vs. Data
data-driven predictions based estimations
PLA



Overwew

“Fhe v2023.0.0 release for the GEM's’Earthitjaake' Scenario Database is available! £ «

THi& Fépository is a collection of earthguake footprints and consequences from past events.
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Find the globat summary impact data in the World folder.

ﬂ Database coverage

10 176 ¥a3shmT Arirt-mroaTte- R

The following events are available in the database.

» Table with available events

% Model versions
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e JLleglthub com/gem/earthguake scenarios
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