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APPENDIX 1: STATION INFORMATION

EQUIPMENT

Seismometers 

Eighty percent of GEOSCOPE stations are still equipped with STS-1 sensors (Figure S1). Because STS-1 is no longer manufactured by Streckeisen, replacing malfunctioning sensors is no longer possible, which leads us to fix them ourselves whenever possible or to install STS-2 sensors instead. STS-2 sensors are known to present higher noise at long periods and require particular conditions during their installation (Hanka 2000). Some island stations or stations close to the coast such as AIS, HDC, FDF, FOMA, MPG, and MBO are equipped with STS-2 seismometers, as are stations operated by GSN (TRIS), CEA/DASE (DZM, TAOE), or CTBTO (ATD). A few stations are equipped with both a vertical STS-1 and a three-component STS-2 (AIS, TRIS) as seen in Table 1 (main text). Our station instruments have a constant response in velocity between 360 s and 10 Hz in the case of an STS-1, and between 120 s and 10 Hz in the case of an STS-2. The details of the recorded channels are listed below.

	

	channel
	SEED name
	unit
	flat response
	sampling rate
	number of bits

	Very Long Period
	VH
	m/s
	360s*–20s
	0.1 sps
	24 or 26

	Long Period
	LH
	m/s
	360s*–2s
	1 sps
	24 or 26

	Very Broadband
	BH
	m/s
	360s*–10Hz
	20 sps
	21 or 24

	Mass Position
	LM
	m/s2
	0s–10Hz
	1 sps
	16

	Temperature
	LKI
	°C
	
	1 sps
	16

	Pressure
	LDI
	Pa
	
	1 sps
	16


*In stations equipped with STS-2 sensors the period is 120 s instead of 360 s.

Analog-to-Digital Converters (ADC)

The upgraded stations are all equipped with Quanterra type ADC converters, Q4120 series (Q4126-6 channels or Q4128-8 channels) or Q330 series (Q330-6 or Q330-HR).  

Auxiliary Sensors

The stations have been progressively set up with pressure sensors (Streckeisen, Vaisala, or Effa-Druck microbarometers) and handmade thermometers. At the end of 2009, 16 stations were equipped with microbarometers and nine stations with microthermometers (Figure 8B, main text). A systematic installation of environmental sensors enables us to quantify the influence of the environment on seismic noise and to reduce the noise level of seismic data, especially at very long periods.

INSTALLATION

Many manuals exist regarding the installation of broadband seismometers (Holcomb and Hutt 1992; UCB 1997; Urhammer et al. 1998; Bormann 2002; Widmer-Schnidrig and Kurrle 2006). STS-1 seismometers of the GEOSCOPE network are protected against unfavorable environmental conditions such as wind, high diurnal or seasonal variations of temperature and atmospheric pressure, variations of the magnetic field, corrosion due to humidity, and possible flooding. First, they are enclosed inside metal boxes. Second, they are protected by hermetic glass bells, under partial vacuum, to avoid noise due to atmospheric pressure variations. In some stations, the glass bell is filled with fine Styrofoam seeds. The insulating boxes include internal fresh desiccant and external heat-reflecting blankets. Electric signals are fed through a hermetic plug. Very often, the ceramic plates supporting the seismometers are carefully cemented to the floor. In other cases, these plates are put down on a sand bed, held back by a rigid frame. Barometric variations may cause tilt noise on the ground but not on the ceramic plate. The vertical sensors are always under a vacuum; the quality of the vacuum is checked by adjusting the POS signal. The horizontal components are not always under a vacuum; some stations exhibit a lower noise level without a vacuum inside the glass bells. 

Different techniques have been applied to orient the horizontal sensors, such as geodetic gyroscope or magnetic compass measurements or solar sighting. At some stations, it was necessary to use a geodetic gyroscope, for example in long tunnels or deep vaults. Precise orientation of the sensors, when available, was carefully marked on the floor or the pillar.

APPENDIX 2 - THE GEOSCOPE TEAM from 1982 to PRESENT

The GEOSCOPE team has continuously evolved during the past 25 years. When dedicated scientists, engineers, and technicians have retired, new generations have taken over, fostering the development of new tools to respond to the scientific challenges of their time. Currently, the staff working at IPGP and EOST leads the GEOSCOPE team. They are supported by the groups working at CEA/DASE, IPEV, and IRD.
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Figures
Figure S1. FDSN and GEOSCOPE networks in 2000, with indication of sensors at GEOSCOPE stations (80% of stations equipped with STS-1 sensors and 20% of stations equipped with STS-2 sensors).

Figure S2. 

A) Photographs of the STS-1, first-generation vertical sensor (Wielandt and Streckeisen 1982).

B) Photograph of an STS-2 sensor 

C) Digitizers: the present upgrade corresponds to the installation of standardized digitizers such as the Q330-HR ADC ones.

Figure S3: GEOSCOPE data from 1982 to 2009

A) The 36 distributed CD-Roms. Due to the increasing number of stations and channels, the data time length stored on each CD-Rom was decreasing with time.

B) After a restricted distribution (by request only) until the year 1992, 36 CD-Rom were distributed, from 1990 to 1998. 

C) Archived data volume. The growth illustrates the simultaneous increasing number of stations and of recorded channels, with the change from a triggered way of proceeding to a continuous one.

D) Distributed data volume since 2000. Various distribution methods were used: event or continuous data distribution (through the anonymous ftp and the Web site) and the NetDC procedure since 2002.

Figure S4
A) More and more joint stations: presently seven stations are operating in the framework of cooperation agreements: KIP and TRIS with GSN/IRIS/USGS; DZM and TAOE with the French military agency CEA/DASE; ATD with CTBTO; CAN with ANU and GA institutions; INU with ERI.

B) Northern Hemisphere: a cooperation agreement between IPGP and GSRAS in Russia will help with the installation of  a new site at VOR (Vorkuta) and upgrading SEY station by moving it to KAM (Kamchatka) .

C) Southern Hemisphere: EOST actively participated with Dôme C (CONCORDIA) station in cooperation with INGV (Italy), and in the 2007–2008 POLENET IPY (International Polar Year). 

Figure S5. Distribution of the GEOSCOPE stations in 2000 with indication of the state of the art at that time. Remotely accessible stations corresponded to a phone line transmission, for large events only (Ms > 6.5).

Figure S6. Real-time link between the RER station (La Réunion Island) to the GEOSCOPE Data Center in Paris. More than 3 km of optic fiber has been deployed to conduct the signal outside the tunnel. Then, an ethernet bridge loads the signal to the roof of the St. Benoit College, where ADSL is operating.

Figure S7. All large earthquakes of year 2009 for which source mechanism parameters have been determined by Clévédé and Patau (2009, personal communication). See also http://geoscope.ipgp.fr.

Figure S8. The CNATOI (Centre National d’Alerte aux Tsunamis dans l’Océan Indien/National Center of Tsunami Warning in the Indian Ocean) initiated the upgrade of the six existing GEOSCOPE stations located in the Indian Ocean (AIS, ATD, CAN, CRZF, DRV, PAF, RER) where possible satellite data transmission was available, as well as the installation of two new sites (MAD/FOMA and ROD. At present: data is stored at the GEOSCOPE Data Center in Paris and can be fetched by all operational tsunami warning centers around the world, such as PTWC, JMA, GITEWS, ATWS, etc. In the future, data are planned to be sent to a unique local warning center.
Barbara Romanowicz�
1982–1990�
�
Jean-Paul Montagner�
1991–2000�
�
Geneviève Roult�
2000–2007�
�
Eléonore Stutzmann�
2007–present�
�



Denise Lévy�
1983–1986�
�
Jean Borsenberger�
1987–1991�
�
François Paillous�
1992–1994�
�
Robert Longeon�
1994–1998�
�
Pascal Dayre�
1998–2002�
�
Constanza Pardo�
2003–present�
�



J.-François Fels�
1982–1984�
�
J.-François Karczewski�
1984–2003�
�
Sébastien Bonaimé�
2004–present�
�



Michel Cara�
1982–1984�
�
Daniel Rouland�
1985–1992�
�
Jeannot Trampert�
1993–1994�
�
Luis Rivera�
1994–1999�
�
Daniel Rouland�
2000–2001�
�
Luis Rivera�
2002–2005�
�
Alessia Maggi�
2006–present�
�



Michèle Bitterly�
1985–1992�
�
Chantal Condis�
1983–2007�
�
Alfred Müller�
1993–2002�
�
Jean-Yves Thoré�
2002–present�
�



Jean-Michel Cantin�
1982–1993�
�
Alfred Müller�
1994–2002�
�
Jean-Yves Thoré�
2002–present�
�








