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Introduction

The purpose of this strip was to visit the Institute of  Earthquake Engineering and Seismology (IIEES) in Tehran to  teach a course in seismic instrumentation and work on our technical and scientific cooperation.

Teaching

The Institute of Solid Earth Physics (UiB) and  IIEES has a general agreement to try to set up a joint PhD program. As part of this, a course was given in seismic instrumentation at IIEES for the 5 PhD student enrolled in the local IIEES program.. In addition 5 other students and/or scientists were following the course. The course lasted  35 hours and consisted of lectures, joint discussions, technical experiments and a field trip to one of the broad band stations. A written exam will be made later by the 5 PhD students. The students were well prepared and very interested in the course.

Technical cooperation

IIEES and UiB also have as a goal to increase technical cooperation in the fields of data collection and processing. IIEES is currently in the process of restructuring both data collection and processing and integrating the IMS  (International Monitoring  System) data into the general system. Ways of doing this was therefore discussed and a summary of the discussion and recommendations is given in the following.

Goal of data base at IIEES
- Have one data base for all events.

- Have a complete record of major Iranian earthquakes irrespective of whether recorded at 

   IIEES or not. A core area will have to be defined.

- Data base to contain all smaller events (M > 2-3) recorded by IIEES, even if record by one      

   station.

- Data base to contain all teleseismic events recorded  by IIEES.

- Maintain data bases of other parametric data  received (PDE and IMS).

- Process the data to the extent possible and provide hypocenter and magnitude for all events,  

   either locally calculated or obtained externally.

- Be able to search the data base for a wide range of criteria.

- Display any one event instantly

- Provide Web and AutoDRM access

- Provide read-only access for local users with the possibility to extract data for local use.

Routine processing

The processing consists of two processes. The first is to collect the raw or partly processed data from available sources and put it into the data base. The data collection is currently manual, some steps might be automated. Once data has been registered into the data base, processing can start. By processing is understood phase picking, magnitude calculation etc.

Data collection

-  Collect local waveform data: IIEES currently has continuous data from IMS stations and triggered data from ISMES stations. All waveform data for all events (local and global) should  be extracted and converted to SEISAN format (SEISAN or GSE) and put into data base.

- Search other data sources parametric and/or waveform data and insert into data when needed:


- IMS bulletin


- Geophysics institute


- PDE


- IMS/IRIS stations in nearby countries (waveform data)

The data is inserted into the data base and merged with existing data when appropriate.

- Put incoming IMS and PDE data in own data bases.

- Backup of SEISAN data base

Data processing
Once the data has been placed in the data base, processing can start. For many events, there will already be automatic and/or manual readings available from the REB bulletin (IMS).

- Local events: If enough stations, locate event with local data only. However, external data might help and should be used whenever it is helpful. If only one or two stations available, use 3 component method for location. Determine local magnitude Ml, coda magnitude Mc and moment magnitude Mw. If no location can be made, and external location is available, fix to this location.

- Global events: They can generally not be located. Fix to hypocenter for external location. Read phases and amplitude for mb and Ms. Alternatively locate with own readings and  readings already available from IMS . 

Output:

 - Weekly maps of events processed for both local and global events, statistical

    reports on own and imported data.

-  Monthly bulletin (program BUL), the bulletin must be reviewed by a seismologist.

-  Every event recorded by IIEES network, or events for which digital data is

   available in data base, will have a one page plot to be filed.

Problems not discussed: How to deal with continuous data once many stations become available.

Installation tasks to be completed:

- Get e Fortran compiler

- Install AutoDRM

- Install Seisweb

- Put IMS stations needed into station file

- Install GMT and gmtmap to be able to make quality maps

- Install remaining response files and check them 

- Install SEISNET  to automatically get data from other countries and the SEISLOG system. 

- PostScript printer connected to network and Sun so SEISAN graphics can be printed out.

Additional data analysis tasks suggested:

Complete Iranian catalog. There now exists a catalog of Iranian events back to historical times made by IIEES (Amir). This catalog is available on the IIEES web site. However, no searches can be made or maps shown. It is suggested to put it into the main IIEES data base and complete the catalog also with readings when available. It is estimated, that from ISC, there might be up to 10 times more events available. The data can be extracted from ISC web site and converted to SEISAN with program IMSNOR. Data can also be extracted from ISC CD and converted with program ISCNOR. By having a complete data base, it is possible to make a more complete analysis of selected events like relocation and fault plane solution. All data will then also be available at the IIEES web site through SEISWEB

Fault plane solution in Iranian catalog. At IIEES, there is probably already many events available with fault plane solutions. This data should be put into the data base. Additional solutions can be made with ISC data. 

Seismic moment and spectral parameters. The data base already contains a few hundred Iranian events. It is suggested to calculate spectral parameters for these events, at least those larger than 3. From the seismic moment, moment magnitude can be calculated, which can be useful for an accurate magnitude estimate and can be used to calibrate other magnitude scales (Ml  and Mc). Calculation of spectral parameters require knowledge about the regional attenuation. If not already available from  publications, use an approximate Q. 

Regional Q. Q can be calculated from coda waves (program CODAQ) or amplitude ratios program SPEC)

Seismic network, possibilities for future upgrade

The network was discussed and some possibilities were outlined for a future development.

Satelleite links: 
Telcom: X.25 based, overloaded, used with ISMES




Iransat: Fixed 19.2 kb lines, seems stable




HOT: A possible future link, TCP/IP based

Note: It might be possible to mount TCP/IP on top of Telcom

Considering that the ISMES system is on the way out, there are several possibilities:

Solution 1

Digitizer only in the field, use Iransat to carry signal to SEISLOG for triggering and continuous recording. Data can automatically be downloaded to Sun. 

Advantage:

- No new equipment since it seems that ISMES digitizers can be used, also Earth Data or other digitizers can be used.

- No computers in the field, so more reliable field operation with less power consumption.. Disadvantage: 

- Data will be lost when satellite connection down, a future development using digitizers with backup memory might solve this problem. The loss of data due to transmission loss, has to be evaluated against data loss due to field station computer failure.

- Data from all stations is lost if central SEISLOG stops, can be improved by having two SEISLOG PC's in parallel. 

Solution 2

Like solution 1, only using a commercial system with field buffering (24 hours) and retransmit in case of errors (Nanometrics). It means using Nanometrics satellite system and Nanometrics data acquisition system, reliable track record

Advantage: Turn key system, company offers very good service

Disadvantage: Price and dependence on one company

Solution 3

PC in the field, which communicates with center via TCP/IP using HOT. The field PC can be SEISLOG in an industrial PC, Guralp or other, but not ISMES. Communication is directly with Sun.

Advantages: Local data storage so a communication break does not lead to loss of data.

Disadvantage: 

- New PC systems needed for the field

- Complete loss of data if PC stops, could mean days of lost data

Questions: 

- Can telephone line on sat. link be used with a modem ?

- Are ISDN lines a possibility for field stations ?

- Can existing X.25 links be converted to RS232 ?

Technical details of some tasks

Use of IMS data: Make sure the header line is duplicated so the original solution is retained. The IMS data comes with unidentified phases (x), should  be deleted. Many phases come with azimuth which sometimes might be useful if few stations are available. The amplitudes that are given with P can only be used to calculate Mb. For small events and at short distances, these mb's can be very misleading. Many events come with readings for stations far away. They usually do not help much unless very little data is available. To use the far stations (dist >1500 km) the event must be registered as R or D and the IASP91 is used for location.

Use of IIEES catalog:  The catalog can be used as the basic catalog. For data,  after a date where there is more than a few events per month, put into standard data base with S-files. For data before that date, put all in one file in the CAT directory. When new data is added, make a decision which data is the primary (on the fist line). Note that if an update of the data base is made, the hypocenter on the first line is cleared so if that has to be retained, three options are available: (1) duplicate it on a second line, (2) mark the event as not to be located (* in column 45) or fix the location.

Use of ISC data: For the earlier times, it is unlikely that there is other solutions than ISC. A decision has to be made if the ISC solutions are to be relocated or not. ISC solutions are located with the JB tables, SEISAN use IASP91 so the location might change and all solutions have to be revised. All ISC stations also have to be loaded in (available at ISC web site, can be converted to SEISAN format with ISCSTA). It is recommended not to modify the ISC solution unless more local data will be available. This means this part of data base should not be updated with UPDATE, use UPD instead. For important local events, a relocation might be desirable since S-phases then are used. Use command UPDATE in EEV and then UPD.

Future technical cooperation

Based on the discussions on the network and processing, some suggestions for future cooperation was agreed upon:

Oracle development: The Oracle data base essentially has to replace the SEISAN data base.

UiB would be interested in cooperating in interfacing the existing SEISAN program to the new data base. There would also be a need for a set of standard programs to exchange data from Oracle to SEISAN. UiB is currently developing a Java graphical interface to SEISAN, which it might also be possible to use with the Oracle. The British Geological Survey (operating British nation network) has already some interface to SEISAN so a cooperation might be possible here also. Mario Villagran has also been involved in a similar job at the Israeli NDC.

CSS to SEISAN format and vice versa: The program made by IIEES is of general interest to many and should be developed further. A general conversion program both ways would also make it easier for Geotool users to use SEISAN formatted data. If  very general routines are made, these could be implemented in SEISAN so that SEISAN can read CSS directly. IIEES will continue to work on the CSS  routines. 

SEISLOG. IIEES has already made an implementation of ISMES. This implementation needs to be further tested and documented. UiB will then include the ISMES driver in the general SEISLOG distribution. For use with digitizers which have a possibility of retransmit, a further development could be made at IIEES.

IIEES has shown interest in the SEISAD18 digitizer. It  will be investigated how much it will cost to produce in IRAN and possibly make a joint production.
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