
MODEL CHAIN GRONINGEN



PROJECT CONTEXT

Groningen induced seismicity

Stef Blok

Min. Economic Affairs

Groningen Field

+ earthquake catalogue

Groningen gas production





What: 

A chain of physical-statistical models that translates the Groningen gas 

production in a forecast of earthquakes and associated effects.

Why: 

To assess the safety situation in the area and to steer mitigation policies

(production plans, building strengthening program)

To supply probabilistic ground motion forecasts for the building design 

codes, for construction and (dis)approval

Isn’t that the operators job, with their (in)famous HRA model? 

The TNO model chain and the NAM HRA model answer the same

question with (largely) the same models. Since 2021, TNO is 

responsible for performing the annual hazard and risk analysis.

MODEL CHAIN



PROJECT CONTEXT

NAM HRA tool used until 2020

Project assigned to TNO (2017)

pSDRA: public Seismic Hazard and Risk Assement

Advisory tool

Research tool

Public domain

Client: Ministry of Economic Affairs and Climate

Fully operational: pSDRA 2021



PSDRA CYCLE TIMELINE

Roles TNO: executive + research & development + advisory

October: Status report

List available models

Advice on pSDRA model selection

December: Model development plan (long term, short term)

February/March: Run pSDRA according to assignment, report

April: Advice on Groningen development plan (Vaststellingsbesluit)

All year: R&D model chain and components
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MODULE 1: SEISMIC SOURCE MODEL

GAS PRODUCTION → PRESSURE DROP



MODULE 1: SEISMIC SOURCE MODEL

PRESSURE DROP → COMPACTION



MODULE 1: SEISMIC SOURCE MODEL

PRESSURE DROP → DIFFERENTIAL
COMPACTION ON FAULTS



MODULE 1: SEISMIC SOURCE MODEL

PRESSURE DROP → DIFFERENTIAL
COMPACTION ON FAULTS



MODULE 1: SEISMIC SOURCE MODEL
LEARNING PHASE

Forward model



MODULE 1: SEISMIC SOURCE MODEL
LEARNING PHASE

Bayesian inference



MODULE 1: SEISMIC SOURCE MODEL
FORECAST PHASE

Posterior parameter distribution

Forward model
Posterior 

predictive 

seismicity 

distribution

𝜆 𝑥, 𝑦, 𝑡,𝑚
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MODULE 2: GROUND MOTION MODEL



MODULE 2: GROUND MOTION MODEL



MODULE 2: GROUND MOTION MODEL
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MODULE 2: GROUND MOTION MODEL

Use ground motion attributes that can

be used for engineering purposes

- PGA

- PGV

- Duration

- ..



MODULE 2: GROUND MOTION MODEL

Ground motion attributes: 

▪ Spectral Acceleration (Sa), T={0.01s,…, 0.2s, ..,5.0s, …}

▪ Simulated single-d.o.f. building response

single d.o.f.

damped oscillators

Figure: Crowley et al., V5 fragility



MODULE 2: GROUND MOTION MODEL

response spectrum



MODULE 2: GROUND MOTION MODEL

Provides probabilistic description of ground motion 

attributes conditioned on distance and magnitude 

(and…)

Challenge: reduce 

uncertainties

• More data

• More physics/better 

models

From: Kramer (1986) From: Baker (2008)



MODULE 2: GROUND MOTION MODEL

Provides probabilistic description of ground motion 

attributes conditioned on distance and magnitude 

(and…)
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MODULE 2: GROUND MOTION MODEL

Ground Motion Model by Bommer et al.

Includes site response model

Site response zonation map (Deltares)

Figure: Bommer et al., 2017



MODULE 2: GROUND MOTION MODEL

After: Kramer (1986)
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MODULE 2: GROUND MOTION MODEL

examples hazard output

-



MODULE 2: GROUND MOTION MODEL



MODULE 2: GROUND MOTION MODEL



MODULE 2: GROUND MOTION MODEL
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MODULE 3: FRAGILITY AND
CONSEQUENCE



MODULE 3: FRAGILITY AND 
CONSEQUENCE 



MODULE 3: FRAGILITY AND
CONSEQUENCE MODEL



MODULE 3: FRAGILITY AND
CONSEQUENCE



MODULE 3: FRAGILITY AND 
CONSEQUENCE 



Examples risk output (random scenarios)

personal risk associated to 

a certain building type

MODULE 3: FRAGILITY AND 
CONSEQUENCE 
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UNCERTAINTY AND VARIABILITY

The pSDRA model chain components are probabilistic models

We calculate the expected hazard and risk by taking into account as many 

uncertainties as we can

Two types: aleatory variability and epistemic uncertainty

Aleatory variability

‘Unknowable’

Integrated out : marginalized



UNCERTAINTY AND VARIABILITY
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Epistemic uncertainty

‘Knowable’, but we don’t

Represented in a so-called logic tree

Kept available to calculate Pxx values of 

hazard and risk (e.g., P90)



PSDRA 2021



SEISMICITY FORECAST



HAZARD AND RISK



LOGIC TREE SENSITIVITY



RISK DISAGGREGATION

Loppersum



RISK DISAGGREGATION

Groningen

(stad)



MODEL PREFERENCES TNO



OUTLOOK

Model development 

Model chain facility

Updates and improvements of existing models

Open to new models from the community

Inclusion in the pSDRA model chain

Meet requirements

Review status

Impact

Performance

Efficiency



OUTLOOK

Performance assessment tool

Will be developed further in 2022
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OUTLOOK

Potential future contributions to the (Groningen) model chain



CONLUSION

TNO has developed a versatile and efficient probabilistic seismic hazard and

risk assessment tool

The model chain has been applied successfully to the pSDRA 2021

We are open to new models to be tested and incorporated



THANKS FOR LISTENING


