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Ergodic and non-ergodic process

Ergodic: The statistical properties of a process can be deduced from a representative singles sample. It 
means, any sample of the process is completely representative of the process as a whole.

This sample could

represent the process

Non-ergodic: Processes for which this property does not hold.

In places 

with no 

data, we 

could use 

the data 

from other 

places
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Current practice in PSHA

• An ergodic assumption is commonly made in Probabilistic Seismic Hazard 
Assessment (PSHA)

• Usually empirical GMPEs are used.
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1964-2017:

432 empirical GMPEs -> PGA 
277 empirical GMPEs ->PSA
(Douglas, 2017, http://www.gmpe.org.uk)

ln 𝑌 = 𝑓𝑠𝑟𝑐 𝑀,… + 𝑓𝑝𝑎𝑡ℎ 𝑅,𝑀,… + 𝑓𝑠𝑖𝑡𝑒 𝑉𝑠30… + ∆
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➢ Must consider details of best available information of region-specific geology, 
site, seismic sources, etc. 

➢ Ideal environment for non-ergodic PSHA. 
➢ Nevertheless, in practice such models are not used and a site-specific non-

ergodic PSHA has not been performed
➢ Current practice is usually dominated by empirical GMPEs that have been 

developed most of the time using dataset from other places except from the 
site of interest. 

➢ Those GMPEs pass for some “adjustments”  (e.g. “Host to Target”) to make 
them applicable

➢ The physics-based models that take into account the finite-fault rupture, the 
geological and site conditions are ideal candidate models for fully non-ergodic 
studies because they can be constrained with all the available information of 
the area of interest. 

Site-specific PSHA for critical infrastructures
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Site-specific PSHA

Soil-surface layers

Reference Rock
(Vs > 1000m/s)

Source
Path

GMPEs:

▪ Usually is ajusted to predict for reference rock (Vs > 1000m/s).
▪ Post processing calculations are done to account for local soil response
▪ Do not capture complexities of source, path and site

Physics-based models:

▪ Can include the whole system in a single model (source, path and site)
▪ Capture complexities of source, path and site

Site

Combination of Empirical GMPES and Physics-based models
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Example of Site-specific PSHA for NPPs

PRP project in Switzerland

PRP deaggregation

Hazard is controled by Mw ~ 6 and R <= 20km (near fault)
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Limitations of empirical GMPEs

Zone of major interest for NPPs
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Limitations of empirical GMPEs

(Courtesy of Roberto Paolucci)

Under-prediction

R<= ~20km

GMPEs predict earthquakes similar to events from their database only
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Evolution of empirical GMPEs

Abrahamson and Young (1992): 
Abrahamson et al (2014)

GMPEs are becoming very complex to use!!



P S

surface
P

SV

SH

9

-The physics of wave propagation are now well developed and well understood

Full physics-based GM models

i i ijv  

ij ijpq p qC v  



τy= Yielding

stress
Slip

Stress concentration

Crack tip

(Rupture front)

Friction sliding

(The cohesive zone)

Dynamic rupture model: The physics of stress and friction at 
fault interface are also well understood
The earthquake rupt ure can be described as a two-step process: (1) formati on of crack and (2) 
propagation or growth of the crack. The crack tip serves as a stress concentrator due to driving 
force; if the stress at the crack tip exceeds some cri tical value, then the crack grows unstably 
accompanied by a sudden slip and stress drops.

Time

Time

Full physics-based GM models
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Main Input for dynamic rupture models

The best information of source (faults)

Euro-Mediterranean Fault Database (SHARE)
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Main Input for dynamic rupture models

Fault friction model: 

From seismological considerations
▪ Fracture Energy (Gc)
▪ Stress drop (Δσ) Δσ

(Causse et al, 2013)
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Main Input for dynamic rupture models

The best information available of the geological structure and site

SCEC Community Velocity Model



Validation of dynamic rupture models 
(Comparison with empirical GMPEs)

(Shi and Day, 2016)

10Hz



Mean	spectra	and	standard	deviations	

Between-event	std		 	 	 	 Total	std	

 

Validation of dynamic rupture models 
(Comparison with empirical GMPEs of Boore et al, 2014)

(Andrews and Ma, 2016)
3Hz 3Hz

R=10km
Mw=7
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A data base of 360 dynamic rupture models 
(Dalguer and Mai, 2011)

Validation of dynamic rupture models 

(360 events)

(Baumann and Dalguer, 2014, BSSA)

Very near-source 

Deviation from GMPE

20-30Km More consistent with GMPE
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Ground motion of some single events

Very near the fault: Extreme and Reduction of ground motion is observed

(Baumann and Dalguer, 2014, BSSA)

Validation of dynamic rupture models 
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GMPEs vs Physics-based GM simulation

GMPEs
(Global and ergodic)

GMPEs
(For Zone A

maybe partially  non-ergodic)
Physics-based GM model

(fully  non-ergodic)

Request 1: Could you make a prediction in zone A for Mw 7 and distance 20km?

Yes, but 
within 
the ergodic 
assumption, 
of course.

Yes, this is my 
zone. But do not 
expect 
something 
different from 
my database.

Yes, but please 
give me the best 
available data 
from your source 
and 3-D 
geological 
properties
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GMPEs vs Physics-based GM simulation

GMPEs
(Global and ergodic)

GMPEs
(For Zone A

maybe partially  non-ergodic)
Physics-based GM model

(fully  non-ergodic)

Request 2: Now a prediction in zone A for Mw 7 very near the fault?

Yes, but please 
give me the best 
available data 
from your source 
and 3-D 
geological 
properties

This is outside 
of my rage of 
validity.
I guess I need 
to extrapolate…
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GMPEs vs Physics-based GM simulation

GMPEs
(Global and ergodic)

GMPEs
(For Zone A

maybe partially  non-ergodic)
Physics-based GM model

(fully  non-ergodic)

Request 3: Now please a prediction in zone B?

Yes, but 
within 
the ergodic 
assumption, 
of course.

Yes, but please 
give me the best 
available data 
from your source 
and 3-D 
geological 
propertiesI was not made for 

this zone.
You need to make 
me some 
adjustments… 
Host-to-target, 
Vs-kappa 
corrections, etc…
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GMPEs vs Physics-based GM simulation

Request 3: Please a prediction in zone B?

You changed 
my legs and 
arms.
I am nor sure 
yet.
Need more 
adjustments…

? ?
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GMPEs
(Global and ergodic)

GMPEs
(Now almost for Zone B

maybe partially  non-ergodic)
Physics-based GM model

(fully  non-ergodic)



22

GMPEs vs Physics-based GM simulation

? ?

Request 3: Please a prediction in zone B?

Yes, I can 
make it!!
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GMPEs
(Global and ergodic)

GMPEs
(Now for Zone B

maybe partially  non-ergodic)
Physics-based GM model

(fully  non-ergodic)
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Conclusions

➢ Physics-based models are the best models for fully non-ergodic PSHA studies because they 
account for the effects of fault geometry complexity and 3-D geological conditions

➢ 3-D numerical models based on physics will substitute the GMPEs
➢ Improvement of GMPEs by developing hybrid GMPEs 
➢ In the future, synthetic earthquakes will cover the earth.
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Physics-based Fault Rupture Models for Seismic Hazard Assessment of
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