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Main topics

• How to define and parameterize subduction 
zone sources

• Standardization of Seismic hazard assessment 
across national boundaries



Estimating probabilistic seismic hazard : main steps

Incorporate 
uncertainties 
throughout 
calculations

Probabilistic analysis
PSH calculation tools

Logic trees

, paleoseismology

, deformation/strain rates

Alternative
recurrence models
Several catalogs
Geodesic/geologic slip rates

/faults

sources



Definition of seismotectonic source 
zones à subduction

Minimum information required for taking into account a 
fault in the probabilistic hazard calculation :

-Fault plane extension
(surface and depth)

- Fault plane focal mechanism
-Estimate of the maximum magnitude

that can occur on the fault
- Estimate of the mean recurrence interval of magnitudes 
on this fault

è In our region, few faults can be taken into account 
in probabilistic hazard studies

è Source models are mostly volume sources 

èPSH calculations are being updated as much as faults 
are better characterized (geodynamics, neotectonic 
and geodetic studies and paleoseismology)

Potentially active faults



Main tectonic structures

Delineating seismic sources (areas that 
contain several faults)

Criteria :
=> Homogeneous geology/tectonics
=> Similar seismological characteristics:

earthquake density
focal mechanism
maximum magnitudes

Definition of seismotectonic source zones: 
crustal seismicity



Definition of seismotectonic source zones: 
subduction

Minimum Criteria:
- Past large earthquakes for which the 
segments are rather well identified
- Seismicity catalog
- geophysical, geodynamic, oceanographic 
studies



How important is an accurate
modeling of source zones for PSHA

• Source model epistemic uncertainties may be 
more important than Ground Motion Models
uncertainty.
– The variability (sigma) associated with empirical ground-motion prediction

equations has a significant impact on the results of seismic hazard analysis, 
and in some cases represents the main source of uncertainty.

• How about “area” source modeling? Fault
source modeling



PROBABILISTIC SEISMIC HAZARD IN QUITO: THE LOCAL 
AREA SOURCE ZONE IS CONTROLLING THE HAZARD

Areal source zone

QUITO

Subduction source zones Crustal source zones
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PROBABILISTIC SEISMIC HAZARD IN QUITO: THE LOCAL 
AREA SOURCE ZONE IS CONTROLLING THE HAZARD

Testing two geometries of the host zone
S1 (larger area)



PROBABILISTIC SEISMIC HAZARD IN 
QUITO: THE LOCAL AREA SOURCE ZONE 

IS CONTROLLING THE HAZARD

PGA at sites along W-E profile b value from
S1 (larger area)



How important is an accurate

modeling of source zones for PSHA

• For Quito, (3 GMPEs are being used for the source variations)

– If rates for magnitudes 6-7 are extrapolated from historical catalogs with magnitude
range from 4.5-6.0, PGA varies from 0.28 – 0.55 g.

– Slip rates transformed to frequency-magnitude distribution lead to a greater range: 
0.43 – 0.73 g, if locking is complete.

– If 50% of the deformation is released aseismically, PGA varies from 0.32–0.58 g

– If the Quito fault is modeled as a simple structure and magnitudes 6 – 7 are 
distributed in the fault, PGA goes from 0.42 – 0.68 g

• Then, definition and parametrization of source
zones need to be carefully made.



The case of the Esmeraldas subduction 
source zone

Chlieh et al. 2014Yepes et al. 2016

2016

ESMERALDAS



PGA maps
475 yr RT

CERESIS, 1996 Piloto Project, 1999

PAIGH, 1999 GSHAP, 1999 T&S, 2004

The case of the
Esmeraldas 
subduction 
source zone



The case of the Esmeraldas subduction 
source zone 

Pilot Project, 1999 Monsalve 1998, 



The case of the Esmeraldas subduction 
source zone

Aso. Ing. Sísmica Colombia 1997 

Ecuador

Colombia

NEC 2011



The case of the Esmeraldas subduction 
source zone

Parra, 2016, Chunga, Vera, otros,  
Local Variations



SARA Project 2016 USGS 2018

The case of the Esmeraldas subduction 
source zone



The case of the Esmeraldas subduction 
source zone

Yepes et al. 2016 Beauval et al. 2018



Some issues

Chlieh et al. 2014

• One single segment?

• Maximum eartquake?

• Dip?

• Depth?

• Northern termination

• Southern termination
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TOO MANY EARTHQUAKES AT ESSZ

~47 mm/yr of convergence Nazca-NAS

1906-1942 à 36 a   à 1.7m 
1942-2016 à 74 a   à 3.5m 

1906-2016 à 110 a à 5.1m 

TOTAL SLIP AT INTERFACE ~7m

1900 1940 1980 2020
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One single segment?   Maximum earthquake? 

However, we find that coseismic slip in 2016 exceeds the deficit accumulated since 1942. The seismic moment of every large

earthquake during the twentieth century further exceeds the moment deficit accumulated since 1906. These results, together

with the seismic quiescence before 1906 highlighted by historical records and marine palaeoseismology, argue for an earthquake

supercycle at the Ecuador–Colombia margin. This behaviour, which has led to an enhanced seismic hazard for 110 years, is

possibly still going on and may apply to other subduction zones that recently experienced a great earthquake.
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One single segment?   Maximum earthquake? 

Nocquet et al. 2016 



One single segment?   Maximum earthquake? 

How come ESSZ is not respecting the
fundaments of the seismic cycle?

How are we going to incorporate this in PSHA?

Are memory models going to be implemented in 
SHA?

Well, ESSZ seems to suffer from Alzheimer disease! How many
more SSZ present this type of beheavior?



Some issues

Chlieh et al. 2014

• One single segment?

• Maximum eartquake?

• Dip?

• Depth?

• Northern termination

• Southern termination
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Megathrust interface rupture

From Lay, T, 2012

Depth Distribution



Some issues

Chlieh et al. 2014

• One single segment?

• Maximum eartquake?

• Dip?

• Depth?

• Northern termination

• Southern termination





TOO MANY EARTHQUAKES AT ESSZ

~47 mm/yr of convergence Nazca-NAS

1906-1942 à 36 a   à 1.7m 
1942-2016 à 74 a   à 3.5m 

1906-2016 à 110 a à 5.1m 

TOTAL SLIP AT INTERFACE ~7m
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