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Summary

The present project ‘Reduction of Disasters in Central America: Earthquake Preparedness and
Hazard Mitigation’, Phase II (1996-2000), was co-ordinated by CEPREDENAC, and is conducted as
a continuation of the Phase I, which was active during the period 1991-1994. Both phases involved
close collaboration of several institutions both in Norway and in Central America and were financed
by NORAD. The involved institutions are: University of Bergen (Norway), Norsar (Norway), NGI
(Norway), INSIVUMEH (Guatemala), UNAH (Honduras), CIG (El Salvador), INETER (Nicaragua),
UCR (Costa Rica), UNA (Costa Rica), and UPA (Panama).

This report covers a summary of the activities related to the ‘Earthquake Preparedness (Part I)’ during
the entire project period between 1996 and 2000 (Phase II). The details of the project can be found in
the individual technical, travel and semi-annual reports issued, as well as in the papers published in
scientific journals (see the enclosed list). Some of the milestones of the project can be summarized as
follows. In this phase of the project, a seismic data center ‘Central American Seismic Center (CASC)’
was established in Costa Rica. The automated regional data collection in the CASC has been operated
successfully apart from communication problems. Broadband seismic stations were installed in all
participating countries and connected to the CASC. Two empirical site response studies were carried
out in Managua, Nicaragua and in San José, Costa Rica. The results were integrated with the
microzonation efforts. A total of 12 scholarships were awarded to personnel from Central America to
visit Norway with various length of stay (1-3 months). Each of these scholarships were focused on a
specific topic and resulted in 18 technical reports. In addition there were 20 visits to the region by the
personnel from UiB. Three workshops were organized in the region. The first workshop was
concentrated on data processing and was conducted in April 1998. The two main objectives of this
workshop were to train participants in the routine processing of regional earthquakes, and to improve
and complete the regional seismic database at CASC. The second workshop (October 1998), was
focused on training in the SEISLOG data acquisition system and on the instrument calibration. The
corrected calibration data were then used to verify the magnitude scales used for Central America.
The topic of the third workshop was on processing of the newly acquired broad-band data and was
held in July 1999. The use of broadband data in routine processing of earthquake data and the
advanced use in research were the focus of this workshop.

The major project achievement has been the establishment of the Central American Seismic Center
(CASC) and the installation of the broadband seismic network. CASC was intended to be the melting
pot for all seismological information and was planned to serve as the dissemination center to the
entire region with regard to rapid earthquake information. Since the start, the center has had problems
due to malfunctioning (or slow) communication facilities for data transfer from the neighboring
countries. The Center’s capacity at this end is hindered further by the lack of permanent personnel
with solid seismological knowledge. In spite of these problems, the establishment of the CASC
represents a milestone in the seismic monitoring capability of the region as a whole, as it is the first
attempt to collect and process the seismological data in near-real time on a regional basis. Although
the ambitions set in the beginning of the project were not reached completely, the center may still be
considered as a significant achievement. At a longer time perspective, it is hoped that the existing
problems will be solved and the center will operate as the most reliable source of earthquake
information in the region.

1. Introduction
This is the final report outlining the project activities and achievements related to the Part 1:

Earthquake Preparedness, Phase II, during the period 1996-2000. The report will only give an
overview of activities since details can be found in travel reports, technical reports and semiannual
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reports. In the following, the project milestones are explained first in three sections: (i) the network
operation, (ii) tsunami warning and (iii) site response. Later, the project activities are summarized
through the activities of the consultants, scholarships, training courses and workshops arranged in the
region. Finally, a critical evaluation and an overview of the project are given in a separate section. In
addition, a short summary of the budget, list of reports issued, publications and presentations of the
project results in scientific meetings are also included.

2. Network operation
2.1. Description of the seismic network (Operational support and system operation)

The regional seismic network of Central America consists of several local seismic networks, operated
by individual institutions, and a number of seismic broadband stations. The local networks are based
on short-period and acceleration sensors. The data from these sensors is transmitted (analogue) to a
central recording site and recorded on the data acquisition system. The broadband data are recorded
on the site. The acquisition systems are accessed through either Internet or dial-up telephone lines.
The individual institutions analyse the seismic data on a common platform and produce local
earthquake bulletins. The data from all the local networks are jointly collected by the regional data
centre, which also produces a near real-time bulletin.

The development of software for seismic data acquisition (SEISLOG), processing of earthquake data
(SEISAN) and automated data transfer (SEISNET) was a continuous process throughout the project.
The outcomes from this development are several public-domain and well documented software
packages that are used by the institutions in the region. The software represents a common platform
and data formats that facilitate the exchange of data. Training and support in the use of this software
was given throughout the project. Additional basic computer training was given in the installation of
hardware and the administration of operating systems. Together with local staff, a large number of
computer systems have been set up.

2.2. Central American Seismic Data Center (CASC) and data center operation

In the first phase of the project, the idea was to share the responsibility for operating a regional
seismic center between the institutions, and every institution would be responsible for a limited period
of time. After a promising start, it was discovered that this solution was not feasible. One of the key
components in this phase of the project, therefore, was the establishment of a permanent regional
seismic center. At that time, UCR (Costa Rica) and INETER (Nicaragua) were interested in hosting
the center. The main criteria for selecting the institution were availability of Internet connection and
providing two positions for qualified personnel, who would work for the center. UCR was selected as
host and the Central American Seismic Center (CASC) was opened in April 1998. At the same time
INETER (Nicaragua) was given the responsibility to act as the regional tsunami warning center (see
section 4 for details). The main objectives for the permanent center were to collect and store seismic
data recorded in the region, to report regional earthquakes in near real-time and transfer this
information instantly to the neighbouring center at INETER, Nicaragua to issue tsunami warnings. In
addition the center should take an active role in regional projects and contribute in various ways to the
research of regional seismicity. In 1997, the planning process started. Several workshops were held at
CASC.

Since then, with the contribution of the institutions in the region, the build-up of a regional seismic
database has been performed. The database contains both parametric and waveform data, and as the
most complete regional database, presents a valuable basis for future studies of regional seismicity.
With the opening of CASC, the automatic data transfer from the field stations operated by the
regional institutions to the center started. The improvement of this process has been an ongoing effort.
At present, CASC is able to produce preliminary location and magnitude of regional earthquakes
within a few hours. This performance is not sufficient to alert the tsunami center at INETER,
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Managua to issue tsunami warnings, since such a warning has to be given within a maximum of 15
minutes after the earthquake.

Several problems that interfered with the development or the improvement of the center should be
mentioned. Data transfer speed through Internet and telephone lines in the region, presents a severe
limitation for producing a near real-time bulletin. At present, therefore, a reliable tsunami warning
system is not feasible. This will certainly improve in future with the improvement of
telecommunication. The spirit of sharing the seismic data in the region exists, however, it proved
difficult to maintain continuous and stable data flow to the center. Towards the end of the project, due
to different reasons, some institutions have stopped giving access to their data in near real-time. The
host institution of CASC, UCR, has practically not opened the two positions that were promised to be
associated with the operation of the center. At present no qualified seismologist is associated with
CASC, which certainly has a negative effect on the operation of the center.

Despite all these problems, CASC is operating with some success. However, if the situation at UCR
and the attitude in the region towards more contribution does not change, the future of CASC is more
than uncertain. Future improvement of the regional network capabilities can be achieved through
continuous real-time data transmission to a central recording and processing site, and additional
installation of high-quality broadband seismic stations.

2.3. Communications through Internet and modems for data transfer and exchange

Communication for seismological data transfer and exchange has been and still is the single largest
problem for the CASC center. In the following, some of the existing problems are outlined briefly:

e Internet was only available in Honduras, Costa Rica and Panama during the project period.

¢ Nicaragua had plans to install Internet shortly, however, this was done by the end of the
project period.

e In Guatemala and El Salvador, Internet was never available, and modems were used by the
CASC data center.

¢ The Internet connection into CASC is very slow since UCR Internet has a small capacity to
the outside world. Work is underway to improve the situation.

e The communication speed to Honduras is good, but slow to Panama after the University
system was changed there. It is not clear if this is caused by problems in Panama or Costa
Rica.

e The modems have caused many problems and were not easy to get to work well. After a
while, the El Salvador and Guatemalan modem connections work sufficiently, however, there
were problems with the Nicaraguan connection. This was partly caused by the line being used
for other purposes. In the long run, only Internet will provide a stable and cost effective
solution.

e UNA in Costa Rica is the only center, which is not connected to CASC. UNA has Internet,
but does not allow CASC access to CEPREDENAC paid equipment ‘due to security reasons’.

3. Tsunami warning

In the beginning of the project, it was assumed that the broad-band instruments had the additional
benefit of being able to identify potential tsunami generating earthquakes. In general, there are only a
few events that have this potential, which are characterized by shallow depth, particularly low-
frequency content and long duration (rupture complexity). The earthquake, which occurred in
offshore Nicaragua in 1992, was such an example. By having a continuously operating network of
broad-band stations with fast data exchange, would allow to identify similar events. However, in such
a case, the time required to give a useful warning is very limited and the success of the system is
highly dependent on the fast communication capacity in the region. To this end, this task proved to be
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difficult. When the decision of establishing the CASC at UCR, Costa Rica was made, it was also
agreed upon that INETER, Nicaragua would have the responsibility of a tsunami warning center. This
was due to the fact that INETER had already established a network of tide-gauges which monitor the
sea-level changes along the coast of Nicaragua and this could be used as an additional information (
and calibration) to the already planned fast earthquake location procedures which were designated to
the CASC. Although, the broad-band station network exists in the region now, due to communication
problems, a fast (near-real time) reliable regional earthquake location is not possible at CASC. Issuing
a tsunami warning at the tsunami center in INETER is very much dependent on the fast
communication between the CASC and the INETER which is not yet established with the required
efficiency.

In the beginning of the project as part of an effort to build up an effective tsunami warning system, the
first step was to improve the background knowledge about the tsunamis in Central America with the
aim of understanding the occurrence of tsunami generating earthquakes. A compilation of a tsunami
catalogue was started by Enrique Molina (INSIVUMEH) from Guatemala, through visits to the
different centers in Central America, and continued later in Bergen May-July 1997, which resulted in
the first complete tsunami catalogue for Central America (Technical Report II 1-04).

Mario Fernandez Arce (CIGEFI), from Costa Rica was in Bergen during October—December 1998 to
work on a proposal for a Tsunami warning system for Central America (Technical Report No.II 1-10
and 1-12). This study concluded that the two most important aspects of the warning system are: (i) to
be able to determine the magnitude and (ii) compute an approximate location within 5 minutes. A
parallel study by Vega (see Technical Report II 1-11) concluded that accurate Mw can be obtained
from the broad-band stations from the P-recording. It was further decided, that only events with
magnitude larger than Mw=7 should give an alarm, assuming that tsunami generating potential of
earthquakes with Mw<7.0 is negligible. Since the Central American communication system is too
slow at the moment to involve all stations, the recommendation was to make the first location and
magnitude only with Costa Rican stations, and then improve the solution as data becomes available
from other Central American stations. This is implemented in the CASC. However, the experience
from the El Salvador event has shown that the preliminary location only based on the Costa Rican
stations gives usually too large errors in the hypocentral solution of the regional earthquakes. This,
combined with the existing communication problems between most of the seismological centers in the
region, it is difficult to achieve a fast (within minutes) and reliable earthquake location and issue a
tsunami warning. Furthermore, it is a prerequisite that the communication problems between the
CASC and INETER (for rapid transfer of large earthquakes located by CASC), are solved. In the
future, an improved Internet communication for rapid data exchange will probably allow the
implementation of such a system, since the basis (the broad-band station network and the basic
understanding of the tsunami generating earthquakes) for the implementation is already explored and
achieved during the project period.

4. Site response

Activities related to Task 3 of the project on site response were concentrated in two areas, Managua
(Nicaragua) and San José (Costa Rica). The empirical site response (ESR) study, which was started in
Managua earlier, was finalized following the scholarship in Bergen in January-February 1998. The
results from this study are summarized in a technical report (Technical Report No. IT 1-08). These
results, as well as the previous conclusions drawn during the workshop in November 1997, were later
integrated within the microzonation project coordinated by INETER.

The ESR-study in San José, Costa Rica was started following the installation of strong-motion
instruments within the metropolitan area. Data acquisition and processing routines were established
and a report was prepared including the results from the already collected data. A dedicated
scholarship was conducted in October-November in Bergen. The results from the collected data were
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also integrated with the data from the permanent strong-motion network. Following the planned
microzonation work-session in early 1999, a final report on the ESR in San José was prepared
(Technical Report No. II 1-09), which also integrated the results from the other components of the
project.

5. Travels and Scholarships

In total, there were 20 visits (with durations 1-4 weeks) to Central America by the personnel from UiB
related to the project activities in the region. Details of these visits can be found in separate travel
reports issued (see the enclosed list). In addition, two longer visits (2-3 months duration) were done to
work specifically with relevant research topics in the region, which resulted in two technical reports
(Technical Reports II 1-15 and 1-18). The remaining activities by UiB personnel were related to the
scholarships, workshops arranged in the region, maintenance and follow up of the network operations
(hardware and software updates and support) and the general operation of the project.

Most of the individual basic research studies on different aspects of Central American seismology
were conducted through scholarships to the University of Bergen. A total of 12 scholarships were
awarded to personnel from Central America to visit Norway with various length of stay (1-3 months).
Each of these scholarships were focused on a specific topic and resulted in 18 technical reports (see
the enclosed list).

o Luis Palacios (UPA) from Panama has visited Bergen during January-March 1997 and
worked on SEISLOG data acquisition system operation and maintenance (Technical Report II
1-01).

e Enrique Molina (INSIVUMEH) from Guatemala has worked on a compilation of the tsunami
catalogue during his stay in Bergen in May-July 1997 (Technical Report II 1-04).

e Jose Jorge Escobar (UNAH) from Honduras has worked with testing of the routine data
transfer operations during March-April 1997 (Technical Report II 1-05).

e Luis Arriola (INSIVUMEHR) from Guatemala visited Bergen during July-September 1997 and
worked on automatic data collection and event detection in Central America (Technical
Report 1T 1-06).

e Carlos Guzman (INETER) from Nicaragua was in Bergen in January-February 1998, and
worked with an empirical site response study (Technical Report II 1-08).

e Cesar Aron Moya (INII), from Costa Rica visited Bergen during October—-November 1998 to
work on the empirical evaluation of site effects for San Jose (Technical Report No.II 1-09).

¢ Mario Fernandez Arce (CIGEFI, UCR), from Costa Rica has been in Bergen during October—
December 1998 and worked on a possible design of a tsunami warning system for Central
America (Technical Report No.II 1-10 and 1-12).

e Floribeth Vega (OVSICORI), from Costa Rica has visited Bergen during October—December
1998, and worked on magnitude determination for Central America (Technical Report No.Il
1-11).

e Fabio Segura (INETER) from Nicaragua was in Bergen during April-May 1999, and worked
with the crustal velocity structure in the Nicaraguan depression (Technical Report IT 1-13).

e Juan Pablo Ligorria from Guatemala was in Bergen in April 1999, assisting with the
implementation of the receiver function analysis for Central America (Technical Report II 1-
14).

o Enrique Molina (INSIVUMEH) from Guatemala was in Bergen during May 2000 and worked
with an approach for a regional crustal velocity model for Central America (Technical Report
I 1-16).

e Amilcar Santamaria Hernandez from Honduras was in Bergen during May-June 2000 and
worked with the moment magnitude scale based on spectral data from Central America
(Technical Report II 1-17).
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6. Training courses and workshops

In total three workshops were arranged in the region. In addition, individual training sessions were
conducted during the network operations, usually in connection with the visits by the UiB personnel.
In November 1998, a workshop with participants for the whole region, was held in CASC at UCR.
The first part of the workshop dealt with training in installation and operation of SEISLOG. The
second part gave training in instrument calibration and at the same time, the CASC data base of
Central American calibration files were updated.

Second workshop was about the data processing and was held at CASC in April 1998. The two main
objectives of this workshop were to train participants in the routine processing of regional
earthquakes, and to improve and complete the regional seismic database at CASC.

The third one was the broad-band data processing workshop, which was held in July 1999. The use of
broadband data in routine processing of earthquake data and the advanced use in research were the
focus of this workshop.

7. Budget

The total amount budgeted for the University of Bergen participation was NOK 5.303.500,00. The
invoiced expenditures by the end of the project period equals to the same amount budgeted leaving
zero balance. The details of the accounting can be found on the semiannual reports issued during the
project period.

8. Critical evaluation of the project and an overview
8.1. What was planned?
One of the major objectives of the project concerning the Part 1, was:

‘continue the cooperation aimed at developing and improving further the seismological
networks and seismological data centers in Central America, with particular emphasis on
exchange, processing and analysis of data from the whole region’

The specific planned activities included:

e Upgrading of the data acquisition and analysis hardware and software for each of the local
existent seismological observatories

e Broad-band stations deployment for three countries (Honduras, El Salvador and Guatemala)
and tsunami warning systems implementation for the region.

e Semiannual technical visits from the Norwegian institutions members for evaluation/checking
of the proper operation of the data centers.

e Central American Seismological research interest studies (to be carried out in Central
America and Norway), using the new incoming high quality data.

Furthermore, the work in Part 1 (Earthquake Preparedness) was planned to be conducted under the
following three tasks:

Task 1 Routine operation: Operation of the seismological networks as well as the establishment of the
regional center. Development of the regional broad-band seismic station network, with the aim of
improved earthquake locations.

Task 2 Seismological practice: Use of recorded data in data analysis which will provide the basis for
the subsequent seismic hazard and risk assessment. Training in all aspects of seismology and basic
seismological research, such as magnitude scales, seismic attenuation, crustal structure and
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earthquake location techniques, as well as more advanced topics such as seismic modeling, source
inversion, regional and local attenuation using newly acquired data in the region.

Task 3 Local site response: Empirical studies of local site response in selected areas which are
complementary to the microzonation activities planned under the Part 2.

8.2. What is achieved?

In connection with the planned activities briefly explained above, several achievements could be
mentioned.

e A significant upgrade of the computer hardware and the software was done at each of the six
seismological cooperating institutions in the region. This allowed better capacity in
processing and storing the large amounts of data collected at each center. The standardization
of the hardware and the software used for acquisition and processing allowed easy exchange
of data and opened research possibilities.

¢ Three broad-band stations were installed in Honduras, El Salvador and Guatemala and
connected to the existing netoworks. Together with the broad-band stations already installed
in Nicaragua, Costa Rica and Panama (which were financed by other resources), a regional
network is established.

e  The Central American Seismic Center (CASC) is established in Costa Rica, with the
University of Costa Rica as the host.

e Extensive training was given through the three workshops arranged in the region, several of
them in the CASC. In addition, there were 20 visits to the region by the personnel from UiB.

o Empirical site response studies were carried out in Managua, Nicaragua and San Jose, Costa
Rica. Results are integrated to the microzonation efforts in these sites. :

e A complete tsunami catalogue is compiled for the first time in Central America including the
Caribbean coast.

e Individual basic research studies on different aspects of Central American seismology were
conducted through scholarships to the University of Bergen. A total of 12 scholarships were
awarded to personnel from Central America to visit Norway with various length of stay (1-3
months). Each of these scholarships were focused on a specific topic and resulted in 18
technical reports.

* During the project period a total of 11 papers (authored/co-authored by project participants)
were published in scientific journals. In addition, there were 11 presentations in scientific
conferences.

8.3. What went wrong?
Following is a summary of the planned activities, which proved to be difficult to conduct:

¢ One of the main difficulties during the project period was to establish a reliable and stable
data communication between the individual seismological centers and the CASC for fast data
exchange. While the Internet communication was relatively stable and problem free between
some of the countries such as between Costa Rica and Panama, others proved to be extremely
difficult, such as the communication problems between Costa Rica, Nicaragua and El
Salvador.

e As a consequence of the communication problems, fast reporting of the regional large events
could not be achieved with the desired quality and time. The location accuracy is also reduced
due to lack of sufficient data transfer from the six countries (here, the El Salvador earthquake
in 2001, which occurred after the termination of the project, illustrated the difficulties in this
respect).
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* The established data center, CASC, have failed to fulfill the necessary personnel needs to
conduct its activities satisfactorily. At the moment, the CASC does not have a permanent
seismologist involved.

® The communication problems encountered for fast data exchange hindered also the planned
tsunami warning system at INETER. Although a complete tsunami catalogue is compiled for
the first time in the region, a fast responding and a reliable tsunami warning system is still a
future challenge.

9. List of reports issued and publications
9.1. Semi-annual reports

Semi-annual report No.Il 1-01, January 1997 (Period: July — December 1996)
Semi-annual report No.Il 1-02, July 1997 (Period: January — June 1997)
Semi-annual report No.Il 1-03, January 1998 (Period: July — December 1997)
Semi-annual report No.Il 1-04, July 1998 (Period: January — June 1998)
Semi-annual report No.Il 1-05, January 1999 (Period: July — December 1998)
Semi-annual report No.Il 1-06, July 1999 (Period: January — June 1999)
Semi-annual report No.Il 1-07, January 2000 (Period: July — December 1999)
Semi-annual report No.Il 1-08, July 2000 (Period: January — June 2000)

9.2. Travel reports

Travel report No.II 1-01 by T. Utheim

Travel report No.Il 1-02 by J. Havskov

Travel report No.Il 1-03 by T. Utheim and C. Aranda
Travel report No.Il 1-04 by T. Utheim and C. Aranda
Travel report No.II 1-05 by J. Havskov and A. Sjursen
Travel report No.II 1-06 by K. Atakan

Travel report No.Il 1-07 by K. Atakan

Travel report No.Il 1-08 by T. Utheim and C. Aranda
Travel report No.Il 1-09 by K. Atakan

Travel report No.Il 1-10 by J. Havskov and L.Otteméller
Travel report No.Il 1-11 by L. Ottemoller

Travel report No.Il 1-12 by J. Havskov

Travel report No.II 1-13 by T. Utheim and C. Aranda
Travel report No.ll 1-14 by J. Havskov

Travel report No.Il 1-15 by T. Utheim

Travel report No.Il 1-16 by L. Otteméller

Travel report No.Il 1-17 by J. Havskov

Travel report No.Il 1-18 by T. Utheim

Travel report No.II 1-19 by J. Havskov

Travel report No.Il 1-20 by L. Otteméller

9.3. Technical reports

Technical report No.Il 1-01 by Luis Palacios. Seislog data acquisition, installation and maintenance
(in Spanish with English summary). March 1997.

Technical report No.Il 1-02 by Ame Sjursen. Introduction to Solaris system administration. June
1997.

Technical report No.II 1-03 by Mario Villagran. The CAM ‘Central America’ database. The ‘ca’ user.
June 1997.
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Technical report No.Il 1-04 by Enrique Molina. Tsunami catalogue for Central America 1539-1996.
July 1997.

Technical report No.Il 1-05 by Jose Jorge Escobar. Testing Internet communication for seismic data
retrieval in Central America. June 1997.

Technical report No.Il 1-06 by Luis Arriola and Lars Otteméller. Automatic data collection and event
detection in Central America. October 1997.

Technical report No.ll 1-07 by Lars Ottemoéller and Jens Havskov. Setup of the regional data center
for Central America in Costa Rica. April 1998.

Technical report No.Il 1-08 by Carlos Guzman and Kuvvet Atakan. Empirical site response study in
Managua, Nicaragua. April 1998.

Technical report No.Il 1-09 by A.Moya, V. Schmidt, C.Segura, I. Boschini and K. Atakan. Empirical
Evaluation of Site Effects in the Metropolitan Area of San Jose, Costa Rica. November 1998.

Technical report No.ll 1-10 by Mario Fernandez Arce, Proposal to establish a Tsunami warning
system in central America. December 1998.

Technical report No.ll 1-11 by Floribeth Vega and Jens Havskov. Magnitude determination for
Central America. December 1998.

Technical report No.Il 1-12 by Mario Fernandez Arce, Jens Havskov and Kuvvet Atakan. Tsunamis
in Central America. December 1998,

Technical report No.Il 1-13 by Fabio Segura and Carlos Tenorio. Crustal velocity in the Nicaraguan
depression by simultaneous inversion of P- and S-wave data. June 1999.

Technical report No.Il 1-14 by Juan Pablo Ligorria and Lars Otteméller. Implementation of receiver
function analysis for Central America. June 1999.

Technical report No.Il 1-15 by Cecilie Langeland and Griselda Marroquin. A study of large
earthquakes (M=>5.5) in Central America. December 1999.

Technical report No.Il 1-16 by Enrique Molina and Carlos Tenorio. An approach to a regional crustal
velocity model for Central America. January 2000.

Technical report No.Il 1-17 by Amilcar Santamaria Hernandez. Moment magnitude, Mw, based on
spectral data from Central America. July 2000.

Technical report No.Il 1-18 by Eirik Tvedt. Seismic swarms in Guatemala. December 2000.

9.4. Publications

Alvarenga,E., Barquero,R., Boschini,I., Escobar,J., Ferndndez,M., Mayol,P., Havskov,J., Géalvez,N.,
Herniandez,Z., Ottemdller,L., PachecoJ., Redondo,C., Rojas,W., VegaF., TalaveraE.,
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