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ABSTRACT 

Our objective is to introduce the SIGMA-2 R&D program on seismic hazard assessment (“SeIsmic Ground 

Motion Assessment, 2nd edition”). Built upon the SIGMA project (2011-2016) legacy, this program aims 

to deliver an improved representation of the seismic ground-motion, adapted to local site conditions, with 

a particular emphasis on low seismicity areas. 

The program is funded by a consortium of industrial partners operating, managing, regulating 

facilities (including nuclear installations), and sharing a common interest in improving practices in seismic 

hazard assessment (SHA) within an open collaboration framework. The program organization has been 

elaborated so as to strengthen the link between researchers and earthquake/civil engineers, by involving 

international representative from private and public sectors from the realization of research actions to the 

Scientific Committee supervisory level. Besides, bi-annual workshops offer the opportunity to conduct 

extensive technical discussions/reviews with end-users and to anticipate future impacts on SHA studies.  

A dedicated Scientific Committee has been constituted to monitor the quality of SIGMA-2 

scientific outcomes, and to provide guidance on technical aspects. In addition, project deliverables must 

comply with a formal review process supervised by this Committee.  

SIGMA-2 research actions are organized into six Work Packages with expected contributions at 

every step of the SHA process: Fault & tectonics; Earthquake catalogs & parameters; Characterization of 

ground-motion; Site response; Probabilistic SHA and Inputs for engineers. The program continue to the 

end of 2021. 

mailto:guillaume.daniel@edf.com
http://www.sigma-2.net/
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INTRODUCTION 

SIGMA-2 is a R&D program on seismic hazard assessment funded by a consortium of industrial partners. 

This initiative is motivated by their shared interest in improving the accuracy and the reliability of 

probabilistic seismic hazard estimates. This consortium is currently composed of Electricité de France 

(EDF), CEA, Orano, PG&E, Swissnuclear, CEZ and CRIEPI, each benefiting from an equivalent level of 

representation in the program Steering Committee. 

The SIGMA project legacy 

SIGMA-2 emerged after the ending of the former SIGMA research project (i.e. “SeIsmic Ground-

Motion Assessment”, 2011-2016) which, at that time, initiated the setting-up for an international, multi-

institutional (private & public sectors, academics) coordination of applied research actions in the field of 

seismic hazard assessment (SHA) for the industry. The general scope of this project was to better understand 

the sources of uncertainties, and to estimate their respective impacts on SHA results. The research program 

was thus designed so as to strengthen the confidence in mean and median probabilistic hazard estimates, 

while at the same time to create knowledge aimed at reducing epistemic uncertainties (i.e. reduce inter-

fractile ranges). The gathering of human and financial resources from the four original industrial partners 

(i.e. EDF, ENEL, CEA and Areva) proved its effectiveness, and meant the SIGMA project made significant 

advances in data and methods implemented in Probabilistic Seismic Hazard Assessment (PSHA) studies 

(see Pecker et al, 2017). Among others, major results include:  

- FCAT-17: Homogenized earthquake catalogue in moment magnitude for France, –up to 2009

(Baumont et al, 2018; Manchuel et al, 2018; Traversa et al, 2018);

- Sensitivity analyses of earthquake recurrence parameters (e.g. a, b and Mmax) for low seismicity

areas;

- Promotion of the Hazard Input Document as a key element for the Verification and Quality

Assurance of the PSHA model development;

- Development of a ground-motion database optimized for earthquake engineering purposes

(RESORCE, www.resorce-portal.eu/index.html );

- Development of Ground-Motion Prediction Equations (GMPE) adapted to the European context

(e.g. Ameri et al, 2017; Bora et al, 2015; Bindi et al, 2014; Derras et al, 2014; Drouet and Cotton,

2015);

- Studies on high-frequency attenuation of seismic waves (e.g. Ktenidou et al, 2014; Van Houtte et

al, 2014);

- International benchmark and guidelines for 1D nonlinear site-response analysis (PRENOLIN, see

Regnier et al, 2018);

- International benchmark for the comparison of invasive and non-invasive methods for seismic site

characterization (InterPACIFIC, see Garofalo et al, 2016);

- Promotion of site-specific PSHA case-studies; and

- Introduction and evaluation of ground-motion intensity measures (ASA40; see De Biasio, 2015).

More importantly, beyond this outstanding number of achievements and deliverables (i.e. 76 

technical reports, 40 articles published in scientific journals), this project set directions for future research 

in the field of SHA. This output constituted the main source of inspiration for the SIGMA-2 roadmap. 

Elaboration of the SIGMA-2 program 

The success of SIGMA project paved the way to the elaboration of a new research program, “SIGMA-2”. 

While claiming the legacy of SIGMA, this new program also aims at opening the industrial collaboration 

on R&D for SHA to new partners, with the continuing objectives of improving current practices, and to 

improve the reliability and accuracy of future PSHA studies.  

SIGMA-2 puts a special emphasis on site-specific approaches and on low seismicity areas. Its 

general objectives can be stated as follows: 

http://www.resorce-portal.eu/index.html
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- To provide a more realistic representation of seismic ground motions adapted to site

conditions;

- To reduce uncertainties by improving input data and models;

- To introduce feedback loops and go beyond expert judgment.

SIGMA-2: An end-user oriented organization, with systematic peer-review of deliverables 

The organization of SIGMA-2 is depicted in Figure 1, see below. This sketch illustrates the different roles 

and interactions of SIGMA-2 stakeholders1. 

The overall program organization is also definitely “end-user oriented” with the participation of 

active and experienced earthquake and civil engineers at every level of the program management (i.e. WP 

and program coordination, Steering and Scientific Committees). In addition, bi-annual periodical technical 

meetings are organized so as to stimulate exchange between researchers and end-users, and also to 

encourage a faster implementation of findings into engineering studies. Finally, the production of articles 

in scientific journals will also foster the adoption of SIGMA-2 innovation by a larger audience.  

The production of deliverables follows a path delimited by a sequence of milestones, including 

intermediate discussion and validation steps, so as to ensure high-quality final results. The research work 

plan has been elaborated jointly by WP leaders, Funding Partner(s) and Scientific Partners involved in its 

realization. For each action, one or more specific deliverables are typically identified. Each deliverable is 

then submitted to an internal review process organized by SIGMA-2 Scientific Committee. Such review is 

presented in the course of SIGMA-2 bi-annual Scientific Committee meetings, where live technical 

discussions on deliverables content are conducted, involving Scientific Partners and SIGMA-2 

stakeholders. This collaborative peer-review process grants SIGMA-2 final deliverables a strong technical 

legitimacy.  

Figure 1: SIGMA-2 organizational chart 

1 Steering Committee, WP leaders,  Scientific Committee, and Scientific Partners 
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SIGMA-2 Scientific Committee involves 12 members with recognized experience in seismic 

hazard assessment, and presenting diverse technical backgrounds in seismology and civil engineering. The 

main role of this Committee is to provide advice and guidance on the technical content of deliverables. As 

such, the Scientific Committee is responsible for the high standards of SIGMA-2 deliverables. 

Occasionally, additional external reviewers may also be called on to provide additional expertise and 

guidance on specific topics. 

SIGMA-2 RESEARCH PROGRAM 

SIGMA-2 research actions cover a broad range of methodological aspects from tectonics to earthquake 

engineering. They are coordinated into six Work Packages (WP) gathering teams with close scientific 

interests: Faults & Tectonics, Earthquake parameters, Ground-motion, Site response, PSHA calculation and 

Ground-motion for engineers.  

With allocated human resources of about 70 person-years into 69 research actions, SIGMA-2 is 

expected to bring significant contributions to state-of-the-art SHA, and in particular, to highlight potential 

improvements on the reduction of epistemic uncertainties brought by site-specific approaches and by the 

testing of SHA results against observations. Figure 2 below provides an overview of the SIGMA-2 R&D 

Work Packages and actions. 

Work Package 1 (“Fault & Tectonics”) proposes several actions related to the development of 

methods and campaigns for the characterization of deformation processes and faults in Stable Continental 

Regions (SCRs), where the seismic activity level does not enable an accurate mapping of active structures. 

Topics include: methods for the dating of last motion of faults in SCRs (workshop); numerical modelling 

of crustal deformation induced by different phenomena (e.g. tectonic, post-glacial rebound) and comparison 

with observations; discrete element modelling of fault geometry and associated surface deformation; 

identification of suspicious capable faults in SCRs (Bohemian Massif area); and testing of fault slip rate 

models against historical seismicity. 

Work Package 2 (“Earthquake Parameters”) coordinates research actions for the refinement of 

seismicity catalogues, both over their historical and instrumental periods. Topics include the revision of 

historical earthquake magnitudes based on archeo-seismicity studies; the search for additional historical 

sources of information on past earthquakes using data-mining and web-crawling tools; the revision of the 

Czech national earthquake catalogue; the update of the French FCAT catalogue, in particular with refined 

(magnitude and depth) estimates of historical earthquakes; the development of a 3-D velocity model for 

mainland France (i.e. improve locations of instrumental earthquakes); the development of methodology to 

map site effect with macroseismic database and an estimate of moment magnitude for small-magnitude 

instrumental earthquakes based on coda-waves analysis.  

Work Package 3 (“Ground-motion”) conducts research in the characterization of seismic ground-

motion models. Particular topics of interest include the evaluation of the high-frequency attenuation 

geographical dependency (Vs- adjustments); the definition of reference rock sites and associated proxies 

for the characterization of soil conditions in SCRs; the development of new GMPEs for the European 

context including additional intensity measures; the elaboration of site-specific GMPEs and analysis of 

uncertainties related to the site-term (S2S) in partially non-ergodic PSHA; the deployment of physics-

based simulations for ground-motion; an international benchmark on Generalized Inversion Techniques for 

the separation of source, path and site components of seismograms; the spatial variability of seismic waves 

attenuation at the European scale; and the enrichment of the ground-motion RESORCE database.  

Work Package 4 (“Site Response”) contains actions for the characterization of local site/soil 

amplification of seismic ground-motion. Topics include the assessment of 2-D/3-D empirical site effects 

based on actual recordings for the characterization of aleatory variability, and for the identification of 
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topographic site effects; the refinement of simulation methods for nonlinear site response analyses by 

improving the reliability of degradation curves for engineering uses (e.g. bibliographic, lab and field tests), 

by a more realistic consideration of the variability in ground properties and by developing new numerical 

strategies for soil-structure interaction and nonlinear constitutive laws. 

Work Package 5 (“PSHA”) gathers a suite of research actions aimed at deploying new approaches 

for the implementation of the PSHA methodology (and logic trees), at proposing weight updating and 

testing procedures against observations, and at developing new methods to increase the robustness of source 

and recurrence models. Selected topics of research include: non-Poissonian recurrence models; alternative 

formulations for the maximum magnitude evaluation in source models (based on statistics of extremes, or 

on the coherency with parameters of frequency-magnitude distributions); development and incorporation 

of damage-limit filtering into PSHA software; incorporation of non-ergodic GMPE into PSHA software; 

analytical consideration of epistemic uncertainties on GMPEs; hazard disaggregation; vector hazard; testing 

using information from fragile geological features (e.g. precarious rocks) and updating branch weights 

based on instrumental records and macroseismic intensity. 

Work Package 6 (“Ground-motion for engineers”) is dedicated to bridge the gap between PSHA 

results and earthquake engineering practices. The research actions in this Work Package will focus on 

methodologies for the use of Conditional (Mean) Spectra in an industrial context; on new approaches for 

the selection of time-histories matching a specific response spectrum; on the implementation of advanced 

representation of ground-motion (e.g. power spectral density and Fourier amplitude spectrum) and compare 

results with current practice; and on a seismic risk assessment study performed in the (macroseismic) 

intensity domain based on waveform modeling and fragility curves calibrated against site intensities. 

CURRENT STATUS AND UPCOMING EVENTS 

At the time of the present conference, the program has reached its cruising speed with about 75% of research 

actions initiated, having now reached different states of progress, spanning from just started to final 

completion. 17 deliverables have been already been evaluated internally, and are on their way to 

finalization. 

To keep track of the progress of SIGMA-2, the reader is invited to check periodically for updates 

on the official SIGMA-2 website: http://www.sigma-2.net. Several finalized deliverables will also be 

published on-line following open-access standards.  

The reader is also welcome to join us and participate to upcoming SIGMA-2 Annual Symposiums, 

whose dates are provided below: 

 3rd Annual Symposium, EDF-Lab, Paris-Saclay: Nov 21st, 2019

 4th Annual Symposium, Zurich, Switzerland: Nov 19th, 2020

 5th Annual Symposium, Location TBA: Nov 24-25th, 2021

http://www.sigma-2.net/


25th Conference on Structural Mechanics in Reactor Technology 

Charlotte, NC, USA, August 4-9, 2019 

Division IV 

Figure 2: SIGMA-2 Work Packages and research actions 
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