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EFEHR-GEM Joint Webinar on GEM’s VMTK

• EFEHR: European Facilities for Earthquake Hazard and Risk www.efehr.org

• Provides access to open data and models for seismic hazard and risk assessment 

at the European scale

• Maintains ESHM20 http://hazard.efehr.org and ESRM20 http://risk.efehr.org

• Organises working groups (e.g. Testing of hazard and risk models), scientific 

webinars and training events

• GEM: Global Earthquake Model www.globalquakemodel.org

• non-profit, public-private partnership that drives a global collaborative effort to 

develop scientific and high-quality resources for transparent assessment of 

earthquake risk, and to facilitate their application for risk management around 

the globe.
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Use of GEM’s VMTK in ESRM20

• European Seismic Risk Model (ESRM20)
• We ran the VMTK with capacity curves developed for 

100’s of European building classes together with 
European strong motion records (ESM) to produce 
vulnerability models for economic loss and fatalities.

• The Python code (a modified version of the open 
source VMTK) and associated assumptions we used 
are all available here:

https://gitlab.seismo.ethz.ch/efehr/esrm20_vulnerability/-/tree/master/scripts/vmtk

24/04/2023Crowley et al. (2021) DOI: https://doi.org/10.7414/EUC-EFEHR-TR002-ESRM20

https://gitlab.seismo.ethz.ch/efehr/esrm20_vulnerability/-/tree/master/scripts/vmtk
https://doi.org/10.7414/EUC-EFEHR-TR002-ESRM20


Objectives of the Webinar
• Explain the rationale and workflow of the VMTK and the main scientific features 

• Show an example application using the VMTK based on a user-defined capacity 
curve, damage thresholds and damage-loss model 

• Give a brief tour of the GitHub repository where the open source code is hosted 
and explain some of the main scripts that can be modified

• Present a summary of future vulnerability modelling plans at GEM

• Answer your questions about the VMTK (please use the Q&A box)

Note that we will record the webinar so you can come back and watch it again, 
when you try out the VMTK for yourself!
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Vulnerability Modelling

• What do we mean by vulnerability?
Probability of loss (ratio), conditional on levels of intensity: 

24/04/2023In a site-specific design project the current practice in “deterministic” hazard
assessment is to select a certain number of standard deviations (i.e. epsilon) above
or below the median ground motion for the design seismic actions (Abrahamson
2006), but in a scenario risk assessment of distributed assets (e.g. buildings, people,
infrastructure), which can be useful for emergency planning as well as risk com-
munication and awareness, the epsilon should not be modelled as fixed across the
region of interest. Figure 16.2 shows the natural aleatory variability in ground
motions with distance that can be observed from two different earthquakes, together
with the median attenuation from both events (thick black line) and the median
attenuation from each event (thin black lines). Each event has an inter-event
residual (δe,1 or δe,2) which is given by the difference between the median curve
for both events and the median curve for the specific event; this variability arises
due to differences in the source mechanics of the events, such as the stress drop.
Within a given event, each site, j, where ground motions have been observed, has a
different intra-event residual, (δa,1j or δa,2j) which arises due to the varying path
characteristics from the source to the site. Many researchers (e.g. Wang and Takada
2005; Goda and Hong 2008; Jayaram and Baker 2009; Esposito and Iervolino 2011)
have shown that the intra-event residuals at two different sites for a given event are
correlated, as a function of their separation distance – the greater the distance, the
lower the correlation between the residuals. Hence, when modelling distributed
ground motions for a future potential scenario earthquake, a sample of the inter-
event residual/epsilon for the event should be made and then this should be
combined (through SRSS) with the intra-event residual/epsilon at each site,
which should be obtained by employing a model of spatial correlation of the
intra-event residuals (see e.g. Crowley et al. 2008 for a summary of this process).
Figure 16.3 shows examples of ground-motion distributions, or fields based on
different assumptions: median ground motion everywhere, uncorrelated ground-
motion residuals, and spatially correlated ground-motion residuals.

Fig. 16.1 Example of a
physical vulnerability
function, where the
intensity measure type on
the x axis is Peak Ground
Acceleration (PGA) and the
mean and distribution of
loss ratio is shown at
discrete levels of PGA
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How can we produce vulnerability models? 

• Site specific (single building) versus regional (building class)?

• Analytical versus empirical?

• Few MDOFs or many SDOFs?

• Static versus dynamic?

• IDA/cloud/multiple-stripe?

Note: The VMTK is open source code and can be easily modified to consider 

MDOF models with different hysteretic properties, and different nonlinear 

response methods – Luis Martin’s presentation

24/04/2023

Default of VMTK

Silva et al. (2019) DOI: https://doi.org/10.1193/042418EQS101O

https://doi.org/10.1193/042418EQS101O


VMTK – Main Concepts
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Capacity curve

SDOF system

Nonlinear 
dynamic analyses

Cloud analysis, 
linear regression

“EDPs”

“IMLs”



VMTK – Main Concepts
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Steps of GEM’s VMTK (Default/GUI version)
1. Demand module: selection of records

2. Capacity module: input of capacity curves

3. Structural response module: cloud analysis

4. Fragility module: application of damage thresholds

5. Vulnerability module: application of consequence 

models

6. Comparison: compare with other models

7. Verification: produce average annual risk metrics

24/04/2023Martins et al. (2021) DOI: https://doi.org/10.1007/s10518-021-01187-w

https://doi.org/10.1007/s10518-021-01187-w


1. Demand Module
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1. Demand Module

User provides a database of records, then:

• Option 1: all records are used as they are 

• Option 2: subset of records are selected based on intensity measure 
type, a list of intensity measure bins, number of records per level, min 
and maximum scaling factors:

In the GUI 
there is a 
predefined 
list of IMs



1. Demand Module

User provides a database of records, then:

• Option 3: select records based on intensity measure type, the 
conditional spectrum method (using Baker and Lee (2018) algorithm), 
providing, in addition to previous inputs, a hazard disaggregation file 
(OpenQuake-engine format) and Vs30

24/04/2023Baker and Lee (2018) DOI: https://doi.org/10.1080/13632469.2016.1264334

https://doi.org/10.1080/13632469.2016.1264334


1. Demand Module

Users can then plot the spectra of the records, specifying minimum 
period (T,  in secs), maximum period and number of steps:
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2. Capacity Module
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Bilinear, trilinear or quadrilinear backbones 
(Sa vs Sd) are provided by the user 

• Option 1: input a single capacity curve 
using the GUI

• Option 2: input single or multiple capacity 
curves for a single building class (.csv)

• Option 3: input single or multiple capacity 
curves for multiple building classes (.csv)

2. Capacity Module

24/04/2023

5696 Bulletin of Earthquake Engineering (2021) 19:5691–5709

1 3

the GUI, or imported from a comma delimited file containing the coordinates of the capac-
ity curves in columns arrays. A benefit of the latter option is that users can explicitly 
account for the building-to-building variability by introducing multiple capacity curves for 
the same building class (e.g., Silva et al. 2014b). The graphical user interface for the capac-
ity module is illustrated in Fig. 3.

To illustrate all the features of the VMTK, it was decided to consider the structural 
capacity curves developed within the framework of the Horizon 2020 European project 
SERA (Romão et al. 2020a, b). For the purposes of this manuscript only low-code rein-
forced concrete structures with masonry infills were considered. According to Romão et al. 
(2020a), for each number of storeys, 300 prototype structures with varying geometry and 
material properties were generated using Monte Carlo simulation, to account for the build-
ing-to-building variability, and each was then designed to ‘low-code’ standards. Numerical 
models of each of the 300 structures were then developed, pushover analysis was under-
taken, and the results were transformed to obtain SDOF capacity curves. Figure 4 depicts 

Fig. 3  Graphical user interface of the capacity module of the VMTK

Fig. 4  Median capacity curves 
for low-code reinforced concrete 
structures with masonry infills 
(from Romão et al. 2020b)

Content courtesy of Springer Nature, terms of use apply. Rights reserved.



2. Capacity Module

• Format of uploaded capacity curves
• A ‘csv’ file is uploaded for each building class
• A single column of Sd (m)  vs Sa (g) for single capacity curves:

• Multiple columns of Sd (m) vs Sa (g) for multiple capacity curves: 
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3. Structural Response Module
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3. Structural Response Module

• OpenSeesPy is employed to compute the nonlinear response of each 
backbone curve to each record

• Pinching4 is used as the default backbone curve, and the user can 
choose whether or not to include ‘Energy’ degradation.

• The damping ratio (mass proportional Rayleigh damping by default) is 
uploaded as a single .csv file with all building classes.

24/04/2023



3. Structural Response Module

• After computing the nonlinear response (for a single class or all 
classes), the user can plot the results (one building class at a time) 
for “sanity checking”.

• If the user just wants to use the VMTK for regression analysis using 
response data computed elsewhere, they can also upload their own 
records at this point.

24/04/2023



4. Fragility Module
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4. Fragility Module

• This module applies linear regression to the 
response (EDP) versus IML data.

• Uncensored regression considers all EDP data. 

• Censored regression does not consider the 
value of responses that are beyond a limit 
(given by the ultimate threshold multiplied by a 
censoring factor) but does consider the fact 
that they have exceeded this threshold. 
Suggested scaling: 1.5
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4. Fragility Module

• Damage model files specifying the thresholds (displacement or 
acceleration) for each damage state are provided by the user.

• The probability that the response exceeds each damage threshold, for 
varying intensity measure levels, is computed from the regression.

• If single capacity curves have been used, additional building-to-
building variability can be input by the user. Suggested value: 0.3.

24/04/2023



5. Vulnerability Module
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5. Vulnerability Module

• There are two ways to compute vulnerability models
• From the response (EDP) data, applying an EDP-to-loss model
• From the fragility functions, applying a damage-to-loss model

24/04/2023



5. Vulnerability Module

• The user must upload the conversion model as a .csv file

• This file must have the same number of loss ratios as damage states.

• For damage-to-loss, only the mean loss ratios need to be provided, 
for EDP-to-loss, the EDP value and mean loss ratios should be input.

• ‘Propagate uncertainty’ computes the standard deviation of each loss 
ratio according to the formula from Silva (2019):

24/04/2023Silva (2019) DOI: https://doi.org/10.1193/013018EQS031M

https://doi.org/10.1193/013018EQS031M


6. Comparison
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6. Comparison
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• Users can upload, for one building class at a time, the computed 
fragility or vulnerability model and another model with which to 
make a comparison. 

• In the VMTK, there is a folder called ‘validations’ which contains a set 
of GEM fragility and vulnerability models which can also be used for 
such comparisons.

• These models can also be plotted separately
using the plotting feature at the bottom.

Martins and Silva (2020) DOI: https://doi.org/10.1007/s10518-020-00885-1

https://doi.org/10.1007/s10518-020-00885-1


7. Verification
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7. Verification

• As means to verify or sanity check the models, 
the user can compute the Average Annual Loss 
(AAL) for a building class at a specific location.

• If a fragility function is uploaded, the output is 
instead the Average Annual Probability of Near 
Collapse (or whatever the final damage state 
refers to).

• A hazard curve is uploaded (.csv of IML vs 
probability of exceedance). The user must specify 
the investigation time of the hazard curve.
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7. Verification

• To compare the AAL of many building classes, the user can upload a 
folder with many vulnerability models and the tool with compute and 
plot them for comparison.   

24/04/2023



Installation on Mac and Windows
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Requirements: Python3.8 or higher www.python.org

Note: to run Python on Windows you may need to edit environment variables, adding the 
path to the python.exe file and the Scripts folder, which are typically found in 
AppData\Local\Programs\Python\Python38

You also need to make sure you have the latest Microsoft Visual C++ runtime libraries (you 
can download these from: https://learn.microsoft.com/en-US/cpp/windows/latest-
supported-vc-redist?view=msvc-170)

Note: You may alternatively install Anaconda https://docs.anaconda.com/ and create a 
virtual environment with Python3.8 within which to install the VMTK (we actually 
recommend this for both Mac and Windows!): 

conda create -n VMTK python=3.8 anaconda

conda activate VMTK

http://www.python.org/
https://learn.microsoft.com/en-US/cpp/windows/latest-supported-vc-redist?view=msvc-170
https://docs.anaconda.com/


Installation on Mac and Windows
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Installation on Mac and Windows
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Open up Terminal (on Mac) or Command Line Prompt (cmd.exe on Windows)

Navigate to the folder where you have installed the VMTK

Type pip install –r requirements.txt and wait until installation is complete

Navigate to the GUI folder

Type python Start_GUI.py and the GUI will launch (might take a few seconds)



• A number of demonstration files are provided in the GitHub 
repository and can be used to check input formats and test out the 
various functionalities of the tool, before you use your own inputs. 

Getting Started
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Liability claim

Acknowledgements

Contact
Email the risk team @EFEHR: efehr.risk@sed.ethz.ch

Join GEM’s OpenQuake Users Mailing list: https://groups.google.com/g/openquake-users
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