Seismology at Seismological Research Center, Erzurum, current status and recommendations, November 2011
Summary

The Seismological Research Center (SRC) has a modern network of seismic stations which seem to operate very well. The technical setup at the center is good and up to date and using the latest technology. So data is collected correctly. However, only automatic processing is done and that is, as expected, unreliable. There is no processing of the data due to lack of software and skills in working with earthquake data. There is also no research going on with available data from other institutions, mainly due to lack of skills, but it also seems that only the director and one geologist are working in seismology. The center therefore is not fulfilling its mission. Due to the good quality of the seismic network and good facilities at the center, it could potentially become an active research center. For this to happen, the following is recommended: 
· Install proper processing software and start processing  (now done).

· Build a data base for future research (now started)

· Hire a trained seismologists and /or send somebody for training at a seismological institute, e.g. at the University of Bergen.
· Get a regular cooperation with Ankara, possibly with an Ankara seismologist to come regularly for the next year to help check the quality of the work.

· Start a project to make a seismic zonation map of Erzurum (now agreed to start a cooperative project with University of Bergen)
· Start a project to make detailed study of the seismicity around Erzurum. 

Description of the network and the current operation
Seismic network: The purpose of the regional network is to provide data for the observation of local earthquakes, but also to provide data for research within the region. The regional network consists of 8 stations owned by the university, 14 stations owned by the national network based in Ankara  and 2 stations from Georgia so a total of 24 stations are used for monitoring the region. All stations except 1 have broad band sensors. All stations use Guralp digitizers and transmit data in real time to the center using ADSL or satellite connection via Ankara.  In addition, 48 global stations in Europe and Africa and Asia are included for enhanced triggering.  The regional data enters a Windows computer with Scream from where it is sent to a Linux computer with Seiscomp3. The distant stations enter Siscomp3 directly. All channels are stored continuous form on disk. The automatic data processing is done using the Seiscomp3 system and provides event detections. It can be concluded that the current network is modern and uses the latest technology.
Processing: At the moment, no processing takes place. Only the automatic locations from the Seiscomp3 system are reported, if needed. It has been observed that Seiscomp3 triggers a bit randomly and misses most of the smaller events. The system also mislocate many events and it can be concluded that the locations cannot be relied on, particularly for smaller events. There is clearly a need for the capability to do manual processing in order to provide reliable epicenters and magnitudes. At the moment neither the software nor the skills to do so is present.
Data base: There is no data base of local events, only the automatic locations made by Seiscomp. If the public needs information, the center must therefore consult other agencies for reliable information. This is an undesirable solution. It would have been possible to collect data from other agencies and organize a local data base. However, neither skills to do so or the software needed is present.

Staff: The director (Mehmet) is an engineer and there are 2 geologists, one geophysicist and a secretary. Almost all setup of the system as well as station field work and general maintenance has been done by Mehmet with the help of one geologist. This is quite impressive.
New  installations

During the visit, SEISAN was set up on the main Linux system and configured to the Seiscom3 ring buffer system. Station files and calibration files were installed and tests were made to find best parameters for crustal model and magnitude scales, for details see workshop report in Appendix 2. Two people at the institute (Mehmet and Goksin) were trained in extracting out events from the ring buffer system and determining  location and magnitudes as well as some other basic operations. It is now possible to locate an event within a few minutes of its occurrence. In addition, the ISC data base was installed.
Recommendations
The center has a good well organized seismic network and good housing with adequate facilities for the institute and sufficient number of staff  to actually process data and do research. But with only two people actively working in seismology, without proper seismological education, it is hard to do a good job, although more training might help. It is suggested that the center should have the following goal of its operation:
· Locate and calculate magnitudes of all events in the Eastern Anatolia.
· Provide information to the public about current and past earthquakes.
· Make a bulletin of locations and magnitudes for important events and distribute regularly to concerned authorities.
· Maintain a data base of historical earthquakes in the region so it possible for the center to provide information of past seismic activity.
· Be able to extract data, make simple statistics and maps for persons and institution interested.
· Create a data base for research (get data from Ankara).

· Start some research projects, particularly related to the safety of Erzurum (details in Appendix 1).

The largest problem is lack of staff with experience and interest in working in seismology. It is recommended to

· Hire or train people with seismological experience (The University of Bergen has 2 relevant courses in the spring semester: Applied earthquake seismology, seismic data processing and seismic instrumentation).
· Try to establish regular cooperation with the national network in Ankara to get help with the different seismological tasks. This cooperation could consist of a regular visit of a seismologist from Ankara.
Detailed technical recommendations and descriptions of technical installations are given in the Appendix 1.

Appendix 1
Possible projects

It is important to start working with the data, so it serves a practical purpose and  experience is gained. It is also important to start to make a data base of digital event files and corresponding locations and readings.
Make a catalog of important events in the region

· Define what is your region.

· Decide on magnitude threshold (e.g. 5).

· Search all possible sources, starting with ISC.

· Put all data into a new data base, name e.g. HIST.

· Make epicenter and hypocenter maps of the region.

· Make statistics figures.

Completing data base

In order to do future research, a large data base must be available, e.g. for 10 years. Although the institute has digital data for 10 years it is not practically possible to process all that data. It is suggested to try to obtain complete data set of both readings and waveform data from Ankara. If that is not possible, try to get readings and then extract corresponding waveform files from own waveform data base. For importing data into Seisan, the new program hinor can be used. Ankara and Kandelli (KARDAE) might also have reported readings to ISC from where they can be extracted. It is suggested to start extracting data for the largest events first (e.g. larger than 4.0). The procedure would be:
· Get  a file with all readings and locations in Hypoinverse archival format

· Run program hinor to convert to Seisan

· Split it into main ATA data base

· Select important events and convert Guralp data to mininseed format

· Put waveform file in WAV data base and waveform file name in corresponding S-file
Erzurum 
Erzurum is the most important city in eastern Turkey. It was last destroyed by an earthquake in 1859 so it is clearly of practical and scientific importance to follow the seismicity around Erzurum closely to possibly locate active faults and to make an accurate historical catalog needed for a better seismic hazard analysis. The city is located mostly on sediments which makes the constructions more vulnerable. A seismic zonation study should be made.

 Study local earthquakes near Erzurum
· Use ISC catalog to find seismicity since 1960, make maps.

· Find historical seismicity, different sources.
· Seismicity from Ankara and Kandelli (KARDAE).
· Inspect, in detail, local seismicity from 2 nearest stations. This means inspecting the continuous data for those 2 stations only (different filters) and trying to locate all events larger then magnitude 0. This will often mean locating with one or two stations.

· Document all in a report.

Seismic hazard

I do not know what has been done, but it should possibly be improved. However it requires a good catalog. It should be investigated what has been done and who has a catalog.
Seismic zonation

To make a seismic zonation map, a detailed geological map for the city is needed, particularly the depth of sediments since this is proportional to the soil amplification. In addition ambient noise must be recorded in the city on a regular grid.  
· Collect geological information and use it for modeling the ground response. Mehmet has experience in doing this modeling.
· Collect ambient noise data, a standard ESP sensor can be used. The grid size must be determined depending on resources available. Each recording consists of 10-20  min of noise.

· Analyze the data using the Nakamura method.

· Combine noise data and geological data to make a seismic zonation map. Could be done in cooperation with UiB.
Storage and processing system

It is suggested to get a larger disk so all continuous data from regional network can be stored in the archive. All earlier event data from Scream data base should also be put in. It is most practical to do this on the Linux system. It should be considered if there will be enough storage capacity for the 48 stations outside Turkey.

Send data to ISC

It is recommended to regularly sending readings and locations to ISC. There are several advantages to this:

· The center will help to make better local and global earthquake solutions

· Backup of data 

· International recognition of the efforts of the center. 

ISC will accept all data and it is recommended to submit all phase readings and locations. The data must be received within one year.

Suggestions for work routines
It is  recommended to have written routines for the daily work so it is clear what has to be done
· Select and register all events by plotting from the archive, remember to store all channels. 
· Register as L or D. 
· Keep all events recorded clearly on at least 4 stations.

· Read phases on all stations, read both P and S (if clear). For distant events only read P.

· Make an initial location. If high rms, consider changing S to Sg for local events
· Use program wadati (command wad) to check which station has bad S, possibly weight out S but not delete.

· Use program rmsdep to check depth.  

· Compare to PDE or other agencies if available. 

· Put in other agency location as a second header line so it is kept in file when updating. If location is too different (for distant events) from PDE, fix to PDE.

· Put in other agency magnitude in 3. magnitude position, it remains when doing an update.

· Update location in S-file with u command
· Read amplitudes for Ml for local events, use all stations. Use coda if no calibration is available for all stations for the event.
· Read amplitude for mb, MS and Ms if possible.

· Do spectral analysis to calculate Mw, stress drop should be in range 1 – 100 bar, else corner frequency is wrong.

· Locate and compare magnitudes on individual stations, should not be too different.

· For distant events, compare mb to PDE mb, average should be within 0.4 unit as compared to mb, same with Ms.

After one week, a weekly report is made 

· List of events (possibly just the largest)
· Map of regional events
· Report of felt events

Maintaining ISC data base
Data can be obtained from ISC by

· Connect to isc.ac.uk

· Select area, use format IMS1.0, save as .txt

· Convert to Nordic format with norims

· Split into ISC data base

Data for 1960 to 2009 has already been put in ISC data base. Note the prime area mentioned above has to be used.

Technical details
Files for epimap

Data were selected to make a more detailed map of Turkey. There are two files in DAT:

TURKEY.MAP: file with boundaries, coast and lakes.

TURKEY_RI.MAP: Same as above but also with rivers.

One of these file names have been put into SEISAN.DEF to be used with eev map command.

Magnitudes, response files and crustal model
See workshop report
Use gcf data in Seisan

Gurlap data cannot currently be plotted directly in Seisan and must be converted to a format understood by Seisan.  The Guralp data does not have station and possibly component information within the files. On a Scream system, there is a program to convert to miniseed and using a local configuration file. In this way correct station and component codes can be inserted into miniseed files.
However, if you are not doing the conversion on a Scream system, then the conversion must be done in Seisan and a Seisan configuration file must be made linking serial number to stations. This procedure is described in the following.
· Prepare the configuration file gursei.def, normally located in DAT, see example below.
· Copy all gcf binary files to a directory.
· Make a list, using command dirf *.gcf, the list is in file filenr.lis.

· Convert to Seisan format using program gursei, for file input use name filenr.lis which then will convert all the files in the list. 

· Make a list of converted files, e.g. dirf 2010-*.

· Merge files to one file using program seisei. Use output format meseed, default for time difference and agency of your choice. One Miniseed file with all channels is then made. 
PDE data
PDE data is obtained automatically and will appear in the PDE data base. The program getPDE is used and run as a cron job. The following is content of cron file:

# start getpde every 30 minutes, every hour, day, month and year

# the location of the Seisan data base must be given since not

# known when running a cron job

# information about the excution is given in the getpde.log file in WOR

# this file can be deleted any time

#

SEISAN_TOP=/home/seismo

30 * * * *   java -jar /home/seismo/PRO/getPDE.jar > /home/seismo/WOR/getpde.log  

New program and program changes:
Mulplt: Changed to automatically extract all channels
Gursei: Higher dimension for def file

Hinor: New program to convert from Hypoinverse archival format  to Nordic format.
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