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Rapid magnitude estimation relations for earthquake
early warning systems in the Alborz region have been
developed based on the initial first seconds of the P-wave
arrival. For this purpose, a total of 717 accelerograms
recorded by the Building and Housing Research Center in
the Alborz region with the magnitude (Mw) range of 4.8—
6.5 in the period between 1995 and 2013 were employed.
Average ground motion period () and peak displacement
(P ) in different time windows from the P-wave arrival were
calculated, and their relation with magnitude was examined.
Four earthquakes that were excluded from the analysis
process were used to validate the results, and the estimated
magnitudes were found to be in good agreement with the
observed ones. The results show that using the proposed
relations for the Alborz region, earthquake magnitude could
be estimated with acceptable accuracy even after 1 s of the
P-wave arrival.

In this research, the possibility on the application of the
earthquake early warning system in Tehran city as a part of
the Alborz region was examined. An attempt was made to
introduce new scaling relations by employing the data not
only in the Tehran area but also in the whole Alborz region
with magnitudes up to 7.4. To this end, the acceleration data
recorded by Building and Housing Research Center (BHRC)
in the Alborz region are used here. These data are collected
among 81 stations with magnitudes in the range of 4.8 to 6.5
and distances in the range of 18 to 90 km in a period between
1995 and 2013, Figure (1).

In order to provide an efficient algorithm, the 7z, and
P, parameters are used to estimate earthquake magnitude
for the time windows of one, two, three, and four seconds
after P-wave arrival. The scaling relation among 7, and
P, parameters with the magnitude are developed for all
the time windows. It is shown that the introduced relation
of the parameters for one-second time window provide
reasonable (standard error of +0.36) earthquake magnitude
estimation only after one second of P-wave arrival. The
developed relations for different time windows showed
a slight difference, suggesting that a single relation could
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be used for different time windows. The current studies
in the field of EEWS generally estimate these parameters
in the 3-second time window. A two-second reduction in
computing time leads to a decrease in earthquake losses in a
wide range of target areas. In areas where cities are located
near active faults (such as Tehran), this reduction in time
can be considered as an important achievement in effective
performance of the earthquake early warning system. This
change in the time of calculations has a direct impact on the
casualties caused by the earthquake.

M, =041M,  +0.32M, , +027M, .,

Time-window = 2s

The above relation is examined by comparison between
observed and estimated magnitudes for four different
earthquakes, which are excluded from the employed data in
derivation of proposed relations, Table (1).

The good agreement between observed and estimated
magnitudes provides more confirmation to the results and
is used to validate the accuracy of the proposed relations for
earthquake early warning system in Tehran.

In another part of this study, a new method is proposed
for rapid estimation of earthquake magnitudes in the near-
fault zone. In this method, by rapid estimating the friction
parameter, the slip-weakening distance D, and using
the near fault records, the magnitude of the earthquake is
determined. In this part of the study, the near record of faults
related to 14 major global earthquakes was studied and four
of them were used in the validation phase. The results of this
section of the analysis are presented in Table (2).

As it can be seen in the table, this method is very accurate
for the near fault zone and provides the good estimate of
earthquake magnitude in near-fault area.

Keywords: Earthquake early warning, Near fault zone,
Friction behavior of fault, Slip-weakening distance
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Figure 1: Distribution of events in Alborz area (solid stars) and events that
are used for verification analysis (white stars)

Table 1: Estimated and observed magnitude for earthquakes that were excluded from the analysis

Estimated magnitude

Event date Percentage Error
My (%)
(yyyy/ mm/ dd) Mw Mw MW reported
T P, final
2002/06/22 6.2 6.2 6.2 6.5 4.6
2002/09/02 5.1 5.5 53 52 1.9
2007/06/18 6.1 53 5.7 55 3.6
2012/01/11 5 5.1 5 5 0.0

Table 2: Estimated magnitudes based on Dc method versus observed magnitude for earthquakes that were excluded
from the analysis

Event name ReportedMMagnitude Estimate(llv[ Magnitude
Landers (1992) 7.3 7.6

Tottori (2000) 6.6 6.8

Denali (2002) 7.9 8.2

Bam (2003) 6.5 6.8
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