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Seismic networks are powerful tools for understanding
active tectonic processes in a monitored region. Their
numerous applications, from monitoring seismicity to
characterizing seismogenic volumes, make seismic networks
essential tools for assessing seismic hazard in active regions.
An appropriately configured seismic network is also a
valuable tool for the study of deep geological structures
using seismic tomography. The ability of a seismic network
to detect and locate seismic events depends on various
factors. The detection capability of a network depends on
the density of the network and distribution of stations, their
site conditions, their recording characteristics, their data link
to the processing center, and the post-processing methods
of recorded seismic data. Assessing and quantifying this
capability is a difficult task, as almost none of the effects
of the links in the recording chain can be quantified without
assumptions. Calculating the detection threshold maps
accurately, and updating them frequently, will greatly help
the owners of seismic networks, in achieving their goals and
eliminating defects and development plans of network.

In order to identify the high seismic risk areas, also to
prepare a database of seismic waves and study the seismic
sources and other research in seismology and earthquake
engineering in Iran, the Broadband Iranian National seismic
network (BIN) has been established by the International
Institute of Earthquake Engineering and Seismology in
1998. Investigating the detection threshold of this network
is one of the necessities of seismic studies and evaluating
the performance of this network. Calculation of seismic
noise level in each station and the geometry of stations
arrangement are other main parameters in the design and
development program of BIN.

The verification regime of the Comprehensive Nuclear-
Test-Ban Treaty (CTBT) is designed to detect any nuclear
explosion conducted on Earth—underground, underwater or
in the atmosphere. The purpose of the verification regime
is to monitor countries’ compliance with the CTBT which
bans all nuclear explosions on the planet. Besides promoting
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the CTBT, the main task of the Preparatory Commission for
the Comprehensive Nuclear-Test-Ban Treaty Organization
(CTBTO) is to build this regime and to ensure that it is
operational by the time the Treaty enters into force. Seismic
monitoring is one of the three waveform technologies used
by CTBT verification regime to monitor compliance with
the Treaty. The objective of seismic monitoring is to detect
and locate underground nuclear explosions. One of the
requirements of this seismic monitoring is high capability in
detecting seismic events.

The Islamic Republic of Iran hosts three seismic stations
of the International Monitoring System (IMS). Seismic
networks have been established near the country’s borders.
Investigating the capability of these networks in monitoring
seismic events and the effect of each station is very important.

In this study, preliminary results showed that the
distribution of IMS seismic stations is heterogeneous.
There are only two seismic arrays (WRA and ASAR) in the
southern hemisphere (Australia).

In order to investigate the detection threshold of IMS
seismic network, detected and located events in Iran between
2000 and 2020 from IMS database were extracted and a local
database was prepared. We found that array stations have
detected the most events from the Iranian plateau. FINES,
GEYT, BVAR and MKAR array stations, respectively, are
the stations with the most events detected from the Iranian
plateau. The coverage maps for each of these stations were
plotted and reviewed. According to these maps, it was found
that only (near the GEYT array station), low number of events
with magnitude less than 3 have been detected and located
in the northeastern of Iran. Also, the accuracy of location
events in the Reviewed Event Bulletin (REB) was compared
with the International Seismological Network (ISC) bulletin
and the National Seismological Network (IRSC) catalog.
Comparison of REB and ISC bulletins showed that the
location of the events in the two bulletins is very close. But
comparison of REB and IRSC catalog indicated number
of detected event in REB in each year is less than 25% of
number of events in IRSC catalog. The location difference
of 70% identical events is less than 20 km.

Areview of the technical literature shows that background
noise model of stations and the body wave attenuation
model are the most important effective parameters in studies
of threshold detection of a seismic network. Therefore, a
local and regional P-wave spectral attenuation model for
the Iranian plateau was calculated in a separate chapter. In
order to calculate the average attenuation parameters, 46337
vertical-component waveforms related to 9267 earthquakes,
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which are recorded at the Iranian Seismological Center
(IRSC) stations, have been selected in the distance range
10-1000 km. The majority of the event’s magnitudes are
less than 4.5. This collection of records provides high
spatial ray path coverage. Results indicate that the shape of
attenuation P-wave curve versus distance is not uniform and
has three distinct sections with hinges at 90 and 175 km. A
trilinear model for attenuation of P-wave amplitude in the
frequency range 1-10 Hz is proposed in this study. Fourier
spectral amplitudes are found to decay as R—1.2 (where R is
hypocentral distance), corresponding to geometric spreading
within 90 km from the source. There is a section from 90
to 175 km, where the attenuation is described as R0.8, and
the attenuation is described well beyond 175 km by R—1.3.
Moreover, the average quality factor for Pg and Pn waves
(QPg and QPn), related to anelastic attenuation is obtained
as Qpg = (54.2 + 2.6)f(1.0096+0.07) and Qpn = (306.8 +
7.4)£(0.51+0.05).

The magnitude of the detection threshold of the Iranian
broadband seismic network was calculated and mapped using
three different methods (classical, based on background
noise of stations and simulation). It was found that the
minimum magnitude that can be detected in BIN network
with 90% probability is ML 1.5. This magnitude is related
to the central regions of the country (especially around the
capital) and due to the low distances between the stations.
The maximum magnitude of the detection threshold of
BIN is ML 3.3, which is related to the external parts of the
network.

In our study of IMS seismic network, it was found
that the detection threshold of network in the southeastern
region of Iran is much weaker than in northwestern Iran.
The main reason is the lack of stations in the Middle East
(Pakistan, India and Afghanistan) and poor station coverage
in that region. At present, the magnitude of the detection
threshold (probability=90%) of IMS seismic network in the
northwestern, central and southeastern of are 3.5, 3.6 and
3.7, respectively.

Keywords: Magnitude of detection threshold, The broadband
iranian national seismic network (bin), Seismic network of
international monitoring system, P-wave attenuation, The
comprehensive nuclear-test-ban treaty (ctbt)
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