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Abstract

The travel time observations contain information about the location and time of origin of
the seismic source and the velocity structure in the region between the source and
receivers. So, the travel-time residuals as criteria are used in the seismic topographical
studies and locating seismic events, etc. There are many possible factors that create
systematic bias in travel-time residuals. Some of the important systematic factors which
might lead to such bias include: azimuth variation due to geological structure; systematic
errors in recording system or instrumental error; phase picking error; location error and
etc.

Systematically biases and instrumental errors in seismic stations are very difficult to
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address in many earthquake location methods. Minimizing the effects of these errors is
very important to improve earthquake locations. In order to identify and minimize them,
we analyze the time residuals of the first P-wave arrivals at 9 stations of the Tehran
network using the data base from 1996 through 2005.

The azimuth variation can be due to a combination of earth structure near the source
and receiver. In order to identify earth structure near the stations we used the data of
events which occurred within 100 kilometers of each station. Also, to discriminate
different source regions we divided the Earth's surface into 5° in azimuth by 100 km in
distance relative to the station.

In this analysis time residual versus back azimuth data of stations from events located
within 100 kilometers are sorted, then averaged over 5° back azimuthal intervals. In each
bin, we have an average residual and an azimuth centered on the bin. Then, for the
average residual versus the corresponding back azimuth, a least square curve was fitted
due to dependent equation of the form (Dziewonski and Anderson, 1983):

ot=A,+ACos(0-A,)+A,Cos2(6-A,)

Where 0 is the azimuth from the station (back azimuth) to the event and 6t is the average
P-wave travel time residual into the bin 5°x100 km. Ay, A, , A, , A and A, are constants.
The value of A can be jointly related to instrumental error, phase picking error, location
error and etc. Since separation of these biases is difficult, and A, value indicates the total
shift of data, we consider A, as instrumental error or station offset. Therefore, the
constant term in azimuth dependent equation is attributed to the average systematic errors
at the stations. The value of A can indicate an operational quality of a station. By using
this procedure we can identify "pathological" stations.

As a result, DMW, RAZ and FIR stations show significant azimuthal biases and FIR
and AF]J stations have had considerable systematic errors. QOM, VRN and MHD stations
have had reliable records according to the stability of the azimuthally dependent curve.
Also, all of the stations are graded in 4 azimuth windows according to their functional
quality.

Key words: Tehran Seismic Network, Arrival time residual, Back azimuth, Systematic
error
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