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European	  Plate	  Observing	  System:	  Mission	  	  
EPOS	  is	  a	  long-‐term	  plan	  for	  the	  integra<on	  	  
of	  research	  infrastructures	  for	  solid	  Earth	  Science	  in	  Europe	  

EPOS	  will	  integrate	  the	  exis<ng	  
advanced	   European	   facili2es	  
into	   a	   single,	   sustainable,	  
distributed	  infrastructure	  	  
taking	  full	  advantage	  	  
of	  new	  e-‐science	  opportuni<es	  

 
 

EPOS	   has	   the	   ambi2ous	   goal	   to	   facilitate	   research	   by	   providing	  
open	   access	   to	   data,	   modeling	   tools,	   and	   facili2es	   trough	   an	  
efficient	  and	  mul2disciplinary	  research	  plaIorm.	  
This	   plaIorm	   will	   facilitate	   innova2ve	   research	   for	   accurate,	  
durable,	  and	  sustainable	  answers	  to	  societal	  ques2ons	  relevant	  to	  
the	  environment	  and	  human	  welfare.	  



EPOS	  Community	  	  

EPOS	  will	  increase	  their	  efficiency,	  improve	  and	  simplify	  their	  use,	  
and	  allow	  mul<lateral	  strategic	  coordina<on	  for	  their	  	  

sustainability,	  opera<on,	  and	  development	  

EPOS	  integrates	  a	  large	  number	  of	  infrastructures	  and	  communi<es	  	  



The	  EPOS	   Integrated	  Core	  Services	  will	   provide	  access	  
to	  mul2disciplinary	  data,	  data	  products,	   synthe2c	  data	  
from	  simula2ons,	  processing	  and	  visualiza2on	  tools,	  ....	  

The	  EPOS	  Integrated	  Core	  Services	  will	  serve	  scien2sts	  
and	   other	   stakeholders,	   young	   researchers	   (training),	  
professionals	  and	  industry	  

EPOS	   is	  more	   than	   a	  mere	   data	   portal:	   it	   will	   provide	  
not	  just	  data	  but	  means	  to	  integrate,	  analyze,	  compare,	  
interpret	  and	  present	  data	  and	  informa2on	  about	  Solid	  
Earth	  	  	  

	  

Thema<c	   Core	   Services	   are	   infrastructures	   to	   provide	  
data	   services	   to	   specific	   communi2es	   (they	   can	   be	  
interna2onal	   organiza2ons,	   such	   as	   ORFEUS	   for	  
seismology)	  

	  

	  
Na<onal	  Research	  Infrastructures	  and	  facili<es	  provide	  
services	  at	  na2onal	  level	  and	  send	  data	  to	  the	  European	  
thema2c	  data	  infrastructures.	  

	  

Topological	  Architecture	  



The National RIs 
MAP OF: 
- Seismic/GPS stations 
-  Laboratories 
- - etc….  

Diversity in data type and formats 
 

http://www.epos-eu.org/ride/ 
 

Research	  Infrastructure	  
LIst	  

•  244	  Research	  
Infrastructures	  

•  138	  Ins<tu<ons	  
•  22	  countries	  
•  2272	  GPS	  receivers	  
•  4939	  seismic	  sta<ons	  
•  464	  TB	  Seismic	  data	  
•  1.095	  PB	  Storage	  

capacity	  
•  828	  instruments	  in	  118	  

Laboratories	  



Access	  to	  Data	  Products	  (Taxonomy)	  
•  Level	  0:	  raw	  data,	  or	  basic	  data	  	  
•  Level	   1:	   data	   products	   coming	  

f r om	   n e a r l y	   a u t oma t e d	  
procedures	  	  

•  Level	   2:	   data	   products	   resul2ng	  
by	  scien2sts’	  inves2ga2ons	  	  

•  Leve l	   3 :	   in tegrated	   data	  
products	   coming	   from	   complex	  
analyses	   or	   community	   shared	  
products	  

•  Level	  4.	  SoVware,	  IT	  tools	  

seismograms 

Earthquake  
locations 

!

Interferograms 

Seismic hazard 
map 



EPOS	  Data,	  Access,	  and	  IPR	  policy	  

Balance:  Legal risk        :    Openness            :     Traceability 

	  
IPR	  
Terms	  &	  Condi2ons	  
Restric2ons	  

Licensing 
Data	  &	  Service	  
Providers	   EPOS	   Data	  &	  Service	  

Users	  
Open	  Access	  
deposit	  terms	  

Open	  Access	  
license	  

Data	  &	  Data	  Products	  
Level	  0,1,	  2,	  3	   Tools	  &	  SoVware	  

 Open   :  Restricted  :  Embargoed 

Users	  
  Anonymous   :  Registered  :  Authorized 

Categoriza2on	  
	  

as	  needed	  for	  
legal	  aspects	   mix and match as required 

Guiding principles: –     open access 
      –  licensing  
      –  no charges 

Protect	  EPOS	  legally	   Trace	  EPOS	  use	  &	  users	  Unrestricted	  use	  &	  access	  



Big	  Data	  Open	  Data	  	  

Open	  Data	  &	  Services	  
•  Accessibility	  (scien2fic	  use)	  	  
•  Commercial	  use	  
• Dissemina2on	  to	  Society	  
•  Service	  to	  society	  

Implica<ons	  
• Metrics	  (use	  &	  re-‐use)	  
•  Public	  funding	  	  
•  Educa2on	  &	  traning	  
•  Ethic	  Issues	  



Func<onal	  Architecture	  
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Compa<bility	  Layer	  
is	  the	  TCS-‐ICS	  
Interface	  and	  
	  it	  guarantees	  
integra2on	  &	  
interoperability	  



Data Timeline!
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Data acquisition, validation & standardization 
       Data collection & preservation (PID, DOI) 
         Accessibility, integration, computation 
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HPC 
GRID 
Cloud 
EUDAT 

EPOS Architecture 



EPOS	  Challenges	  
•  Providing	  services	  to	  solid	  Earth	  community	  

– Engaging	  data	  providers	  &	  users	  (future	  data	  
products	  providers)	  

•  Involve	  other	  scien2fic	  communi2es	  	  
– Environmental	  science	  (marine,	  atmosphere,	  ....)	  

•  e-‐science	  community	  
–  IT	  innova2on	  for	  developing	  e-‐RIs	  
– Access	  to	  services	  for	  distributed	  resources	  
(different	  2melines)	  

•  Involve	  private	  sector	  with	  a	  clear	  strategy	  	  



14	  

A	  Paradigm	  Shia:	  from	  Data	  Driven	  to	  Data	  intensive	  Research	  
The	  earthquake	  data-‐driven	  research	  has	  entered	  a	  fundamental	  paradigm	  shiV.	  
	  
Data	  intensive	  applica<ons.	  
	  To	  exploit	  the	  full	  poten2al	  of	  this	  rapidly	  growing	  European	  and	  Global	  data-‐rich	  
environment,	  

	  

	  To	  guarantee	  op2mal	  opera2on	  and	  design	  of	  the	  high-‐cost	  monitoring	  facili2es,.	  
	  

	  Data-‐intensive	  research	  is	  rapidly	  spreading	  in	  the	  community.	  
	  

	  Large	  volumes	  of	  2me-‐con2nuous	  seismograms	  contain	  a	  wealth	  of	  hidden	  informa2on	  
about	  the	  Earth’s	  interior	  proper2es	  and	  wave	  sources,	  and	  their	  varia2on	  through	  2me.	  

	  
	  Mining,	  analyzing	  and	  modelling,	  this	  abundance	  of	  digital	  data	  will	  reveal	  new	  insights	  at	  all	  
depths	  in	  the	  planetary	  interior	  and	  at	  higher	  resolu2on	  than	  is	  possible	  by	  any	  other	  
approach.	  

	  
	  	  
	  

European	  Plate	  Observing	  System	   Big	  Data	  Open	  Data	  workshop,	  Brussels	  May	  7-‐8	  2014	  

VERCE	  :	  Virtual	  Earthquake	  and	  Seismology	  Research	  Community	  e-‐science	  environment	  in	  
Europe	  	  

HPC/GRID  
Infrastructures 

Big	  Data	  
	  	  	  	  	  Open	  Data 



Data Intensive simulation and inversion 
Global	  scale:	  

•  Waveform	  predic<on	  for	  large	  
earthquakes	  

•  Full	  waveform	  inversion	  	  
tomography:	  new	  inside	  in	  the	  
deep	  Earth	  

Regional	  scale:	  
•  Wave	  propaga<on	  in	  complex	  
geological	  media	  

•  Full	  waveform	  inversion	  
•  Extended	  earthquake	  sources	  imaging	  

Strong	  mo<on	  predic<on:	  
•  Physically-‐based	  hazard	  assessment	  
•  Earthquake	  source	  dynamics	  
•  Stochas<c	  wave	  simula<on	  

Aero-‐acous<c	  wave	  simula<on	  in	  a	  volcano	  	  

Käser	  et	  al.	  (2009)	  

DtN and D” layer
Earth Surface

Modal Solution 2

Modal Solution 1

SEMInner Core

SAW24B16, [C. Mégin & B. Romanowicz 2001]

Periods T � 12 seconds
Number of gridpoints ⇥ 4 millions
Memory ⇥ 15 Gbytes

From [Romanowicz et al., 2001]

39

Seismic	  wave	  propaga<on	  and	  tomography	  	  

Koma2sch	  et	  al.	  (2009)	   Capdeville	  et	  al.	  (2003)	  

Strong	  mo<on	  simula<on:	  	  Grenoble	  Valley	  	  

Chaljub	  et	  al.	  (2009);	  Delavaud	  et	  al.	  (2009),	  Käser	  et	  al.	  (2009)	  
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Figure 6. Left-hand panel: ray coverage for the 1075 fundamental mode surface waves. Epicentres and stations are marked by red plus signs and green dots,
respectively. Right-hand panel: the same as on the left-hand side but for the 306 recordings of higher-mode surface and long-period S body waves.

Figure 7. Horizontal slices through the initial S wave speed variations at 100, 200 and 300 km depth. The depth labels and 1-D background wave speeds are
shown in the upper right-hand corner of the subfigures. Clearly visible are the very long wavelength features of the Australasian region: (1) higher than average
velocities in western and central Australia and (2) lower than average velocities in eastern Australia and the adjacent Tasman and Coral Seas. The model is
radially symmetric beyond 350 km depth. For easier comparison the colour scale is the same as for the tomographic images in Fig. 10. In the rightmost panel,
we show our 1-D reference model, BGAMSV, compared to the global models AK135 (Kennett et al. 1995) and PREM (Dziewonski & Anderson 1981).

Currently, we disregard horizontal-component recordings. This
allows us to work with an isotropic model. A 3-D radially anisotropic
model is work in progress.

Our data set differs from those used in previous surface wave
studies (e.g. Zielhuis & van der Hilst 1996; Simons et al. 1999;
Debayle & Kennett 2000; Simons et al. 2002; Yoshizawa & Kennett
2004; Fishwick et al. 2005) in that it contains mostly recordings
from permanent stations, many of which were not operational prior
to 2006. The improved permanent station coverage allows us to
invert a comparatively large number of high-quality waveforms
with dominant periods >60 s.

To avoid potentially unstable time integrations, we work with
velocity rather than with displacement seismograms. For the first it-
eration, all data are bandpass filtered between 100 and 1000 s. In the
course of the inversion, as described in detail in Section 3.3, we suc-
cessively decrease the lower cut-off period to 50 s. This procedure
ensures that the quasi-linearity of the misfit functional with respect
to earth model perturbations is maintained. Since absolute ampli-
tude information does not enter the inversion, we do not normalize
the recordings.

4.2 Initial model

To ensure the fast convergence of the iterative optimization algo-
rithm and the efficiency of a parabolic line search (see Section 3.3.2),
we implement an initial model that already contains the very long
wavelength features of the Australasian upper mantle. The S-wave
speed variations, shown in Fig. 7, are a smoothed version of the sur-

face wave tomogram by Fishwick et al. (2005). Based on the results
obtained by Kaiho & Kennett (2000), who studied refracted body
waves, we set the initial P-wave speed variations to 0.5 times the ini-
tial S-wave speed variations. There are no lateral density variations
in the initial model, and density is not updated in the inversion.
This restricted model is justified by the negligible sensitivity of
our measurements to 3-D P-wave speed and density perturbations
(see Fig. 4). The radially symmetric reference model, referred to as
BGAMSV, is shown in the rightmost panel of Fig. 7. It was found
by trial and error perturbations from an isotropic variant of PREM
without the 220 km discontinuity. We use BGAMSV as reference
for plots of 3-D wave speed variations (Figs 7 and 10–12) and as
initial model for synthetic inversions (Section 4.3). The Q model
is from PREM (Dziewonski & Anderson 1981). We present a brief
discussion on the dependence of the tomographic images on the
initial model in Section 7. Initial estimates of the hypocentre coor-
dinates and the moment tensor components were obtained from the
Centroid Moment Tensor catalogue (http://www.globalcmt.org).

4.3 Resolution analysis and identification of effects related
to non-linearity

One of the major advantages of the use of the full waveform mod-
elling scheme for 3-D varying media is that we are able to carry out
resolution analysis incorporating genuine 3-D velocity structure.
No approximations are required in the construction of the artificial
data. The reconstructions of the input models therefore provide re-
alistic estimates of the resolution capabilities of our full waveform

C⃝ 2009 The Authors, GJI, 179, 1703–1725
Journal compilation C⃝ 2009 RAS
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respectively. Right-hand panel: the same as on the left-hand side but for the 306 recordings of higher-mode surface and long-period S body waves.

Figure 7. Horizontal slices through the initial S wave speed variations at 100, 200 and 300 km depth. The depth labels and 1-D background wave speeds are
shown in the upper right-hand corner of the subfigures. Clearly visible are the very long wavelength features of the Australasian region: (1) higher than average
velocities in western and central Australia and (2) lower than average velocities in eastern Australia and the adjacent Tasman and Coral Seas. The model is
radially symmetric beyond 350 km depth. For easier comparison the colour scale is the same as for the tomographic images in Fig. 10. In the rightmost panel,
we show our 1-D reference model, BGAMSV, compared to the global models AK135 (Kennett et al. 1995) and PREM (Dziewonski & Anderson 1981).

Currently, we disregard horizontal-component recordings. This
allows us to work with an isotropic model. A 3-D radially anisotropic
model is work in progress.

Our data set differs from those used in previous surface wave
studies (e.g. Zielhuis & van der Hilst 1996; Simons et al. 1999;
Debayle & Kennett 2000; Simons et al. 2002; Yoshizawa & Kennett
2004; Fishwick et al. 2005) in that it contains mostly recordings
from permanent stations, many of which were not operational prior
to 2006. The improved permanent station coverage allows us to
invert a comparatively large number of high-quality waveforms
with dominant periods >60 s.

To avoid potentially unstable time integrations, we work with
velocity rather than with displacement seismograms. For the first it-
eration, all data are bandpass filtered between 100 and 1000 s. In the
course of the inversion, as described in detail in Section 3.3, we suc-
cessively decrease the lower cut-off period to 50 s. This procedure
ensures that the quasi-linearity of the misfit functional with respect
to earth model perturbations is maintained. Since absolute ampli-
tude information does not enter the inversion, we do not normalize
the recordings.

4.2 Initial model

To ensure the fast convergence of the iterative optimization algo-
rithm and the efficiency of a parabolic line search (see Section 3.3.2),
we implement an initial model that already contains the very long
wavelength features of the Australasian upper mantle. The S-wave
speed variations, shown in Fig. 7, are a smoothed version of the sur-

face wave tomogram by Fishwick et al. (2005). Based on the results
obtained by Kaiho & Kennett (2000), who studied refracted body
waves, we set the initial P-wave speed variations to 0.5 times the ini-
tial S-wave speed variations. There are no lateral density variations
in the initial model, and density is not updated in the inversion.
This restricted model is justified by the negligible sensitivity of
our measurements to 3-D P-wave speed and density perturbations
(see Fig. 4). The radially symmetric reference model, referred to as
BGAMSV, is shown in the rightmost panel of Fig. 7. It was found
by trial and error perturbations from an isotropic variant of PREM
without the 220 km discontinuity. We use BGAMSV as reference
for plots of 3-D wave speed variations (Figs 7 and 10–12) and as
initial model for synthetic inversions (Section 4.3). The Q model
is from PREM (Dziewonski & Anderson 1981). We present a brief
discussion on the dependence of the tomographic images on the
initial model in Section 7. Initial estimates of the hypocentre coor-
dinates and the moment tensor components were obtained from the
Centroid Moment Tensor catalogue (http://www.globalcmt.org).

4.3 Resolution analysis and identification of effects related
to non-linearity

One of the major advantages of the use of the full waveform mod-
elling scheme for 3-D varying media is that we are able to carry out
resolution analysis incorporating genuine 3-D velocity structure.
No approximations are required in the construction of the artificial
data. The reconstructions of the input models therefore provide re-
alistic estimates of the resolution capabilities of our full waveform

C⃝ 2009 The Authors, GJI, 179, 1703–1725
Journal compilation C⃝ 2009 RAS

Fichtner	  et	  al.	  (2009)	  



The	  long	  “Heavy”	  tail	  
# 

of
 b

yt
es

rank

CERN 
(~15PB/year)

LSST 
(~100PB)

PanSTARRS 
(~40PB)

Ocean 
Modelers <Spreadsheet 

users>

SDSS 
(~100TB)

Seis-
mologists

MicrobiologistsCARMEN 
(~50TB)

The Long (Heavy) Tail

[Chris Anderson, Wired 2004]

[Jim Downing, ~2008]

1 ≈ PB/year 
& data diversity (type & formats) 



Ethic	  Issues	  

Science	  
Communica<on	  
• Dissemina2on	  
• Educa2on	  
• Training	  
•  Informa2on	  
• Knoweldge	  

Risk	  
Communica<on	  
• Awareness	  
• Preparedness	  
• Resilience	  to	  geo-‐
hazards	  

• Risk	  percep2on	  
• Decisions	  



18	  e-IRG Workshop, 22-23 May, 2013, Dublin (IRL) 

Summary!
•  Individual communities have their own thematic services 

developed throughout many years and, in general, they are happy 
with them (!) ➜ ad hoc solutions!

•  In solid Earth sciences (EPOS), data sharing has enormous 
potential but there may not yet be enough consciousness of the 
scientific problems that can be addressed, i.e., a new typology of 
scientists targeting multidisciplinary problems is to be formed !

•  Building an e-infrastructure is very demanding given the diversification 
of the communities in terms of different levels of data organization 
development/maturity and willingness to be part of"

•  Must not loose pieces (communities) along the way ➜  capitalize on 
the existing developments and introduce novelties by making 
synergy with the different projects and the communities ➜ efficient 
communication policy. !

"



19	  e-IRG Workshop, 22-23 May, 2013, Dublin (IRL) 

Summary (cont’d)!
•  To achieve the best results, it needed continuous orchestration 

between scientific communities and ITs (e.g., scalability, AAI)"
•  EUDAT can represent a data organization model and services 

which can be  instrumental toward EPOS e-infrastructures"
•  EUDAT and VERCE are posing particular attention to large-to-huge 

data volumes analyses"

•  The communities are undergoing a positive, maturation process 
and the ITs are understanding progressively the problems of the 
formers and envisaging solutions ➜ mutual trust and synergy!

•  Interactions with industry in Earth sciences require effective 
strategies and particular attention (ethic issues, use and re-use of 
scientific data)"

"



massimo.cocco@ingv.it epos@ingv.it www.epos-eu.org 
Thank you for attention 

 

Research infrastructures and e-science for data and observatories 
on Geo-Hazards and Geo-Resources 
 



The	  EPOS	  chain:	  	  
high	  gain/high-‐but	  manageable	  risk	  

Trust	  
Industry	   Society	  

Discovery	  
User	  strategy	   Stakeholder	  strategy	   Training	  and	  educa<on	  

Understanding	  
Processing	  and	  modelling	   Data	  	  massive	  applica<ons	  

Access	  
Data	  acquisi<on	   Integrated	  use	  of	  data	  	   Facili<es	  



22	  e-IRG Workshop, 22-23 May, 2013, Dublin (IRL) 

Comments on data sharing in EPOS!
•  EPOS (sub-)communities feature very different levels of data 

organization development/maturity"
•  Most communities have developed in-house their own data services!
•  Many communities are already striving for their own data archive 

and services and they are afraid and in some cases difficult to share 
their data (e.g., why should I put resources in changing what I am doing if I 
can barely keep track of the services I am compelled to provide ?) !

•  Many communities think they have already the best services (i.e., 
they can carry out their own research!)  and they do not see why the data 
should be shared (or better qualified). "

•  Overall, it is a slow process to introduce new concepts, to adopt 
the same jargon and users/scientists often not yet ready!

•  BUT it is a positive maturation process!
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EPOS KEYWORDS!
•  Integration of the existing national and trans-national RIs"
•  Interoperability of thematic (community) services across several 

multidisciplinary communities"
•  Open access to a multidisciplinary research infrastructure for promoting 

cross-disciplinary research"
•  Acknowledgment of the data source"

•  Progress in Science through prompt and continuous availability of high 
quality data and the means to process and interpret them (e.g., explore and 
mine large data volumes, results easily reproducible/replicable)!

•  Data infrastructures and novel core services will contribute to information, 
dissemination, education and training."

•  Implementation plans, which require strategic investment in research 
infrastructures at national and international levels."

•  Societal contributions, e.g., hazard assessment and risk mitigation"



I.   Data	  and	  service	  providers	  from	  
the	  solid	  Earth	  sciences	  	  	  	  	  	  
(www.epos-‐eu.org/ride/)	  	  

!  Na2onal	  data	  and	  service	  
providers	  

!  Interna2onal	  data	  and	  service	  
providers	  

!  Data	  products	  providers	  
II.   Scien<fic	  User	  Community	  	  

!  Researchers	  from	  solid	  Earth	  
Science	  

!  Solid	  Earth	  science	  community	  
projects	  (NERA,	  SHARE,	  
REAKT,	  ....)	  

!  Training	  and	  educa2onal	  

ins2tu2ons,	  projects	  and	  
ini2a2ves	  

!  Researchers	  and	  organiza2ons	  
from	  outside	  the	  solid	  Earth	  
sciences	  

III.   Governmental	  Organiza<ons	  
!  Na2onal	  governments 	   	   	  	  
!  Funding	  agencies	  
!  Civil	  protec2ons	  authori2es	  
!  European	  Commission 	   	   	  

	   	  	  

IV.  Other	  data	  and	  service	  providers	  
and	  users	  

!  	  IT	  projects	  and	  experts,	  Industry,	  
Private	  data	  and	  service	  providers	  

V.   General	  Public	  

EPOS	  Stakeholders	  



ICS	  

TCS	  

Nat’l	  RIs	  

• Data	  mining	  /	  archiving	  
• Processing	  tools	  
• Visualiza2on	  tools	  
• Tutorials	  	  
• Modeling	  tools	  &	  resources	  

• 	  Seismological	  TCS	  
• GNSS	  TCS	  
• Experim.	  &	  Analy2cal	  Labs	  

• Seismological	  RIs	  
• Volcano	  Observ.	  
• GNSS	  &	  geode2c	  data	  
• Satellite	  Informa2on	  data	  
• .................	  
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Thema<c	  Services	  	  (TCS)	  

WG1	  -‐	  Seismology	  

WG2	  -‐	  Volcanology	  

WG3	  –	  Geological	  Data	  

WG4	  –	  GNSS	  Data	  
WG6	  –	  Analy<cal	  and	  	  
Experimental	  Laboratories	  

WG8	  –	  Satellite	  Data	  

WG10	  -‐	  	  Infrastructures	  
	  for	  Georesources	  

WG	  9	  –	  Geomagne<c	  Observ.	  

•  Governance 
•  Data Products 
•  Services 

WG5	  	  
Near	  Fault  
Observatories	  


