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Abstract

During the past decades, attempts have been made to develop an early warning system for
coming destructive earthquakes a few seconds before the ongoing ground motion. In this
paper, a practical method for the early warning of earthquakes in south Iran is presented.
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This region is selected for study because it has high potential for generating earthquakes
and has a more complete strong ground motion data set. Earthquake early warning
systems have the potential to reduce the damaging effects of earthquakes by giving a few
seconds to a few tens of seconds warning before the arrival of damaging ground motion.
Using P-wave arrivals is the most rapid method of delivering earthquake early warning
and may permit a few seconds warning of ongoing ground motion in the region.

To rapidly assess the damaging potential of an earthquake for purposes of earthquake

early warning in southern Iran, we determined a ground-motion period parameter t, and
a high-pass filtered displacement amplitude parameter P, from the initial 3 s of the P
waveforms. The t_ is called source parameter and is related to the magnitude of
earthquakes. Our study indicates that t_ is independent of epicentral distance up to 130

km. In practice, we calculate t, for distances less than 100 km. We use the peak

displacement and acceleration amplitudes of the first 3 sec of the vertical-component
records. At a given site, we estimate the magnitude of an event from t_ and the peak

ground-motion velocity (PGV) from P .

The region of study contained 42 strong ground motion accelometers that have been
deployed in the region since 1977. About 419 strong motion digital data from 209 local
earthquakes that were recorded during 1977-2006 in the study region, are extracted for
this study. Among these earthquakes, 194 with magnitudes greater than 3 were used for

this analysis. For determination of P, we used 152 waveform data with epicentral

distance less than 44 km. The P-wave onset time readings were carried out by SAC
software out the vertical components.

We found that the peak initial-displacement amplitude P correlates well with the peak

ground-motion velocity (PGV) at the same site. We selected the earthquake with M >3
that was recorded during 1975-2006 by near field strong ground motion instruments in
the region, operated by the Building and Housing Research Center. The vertical
components of accelerations were converted to ground velocity and displacement. The
displacements are filtered with a one-way Butterworth high-pass filter with a cut-off

frequency of 0.075 Hz. From the vertical components, t. and P are computed. We found

the relationship between t. and magnitude (M) and between P_and PGV for this region.

These two relationships can be used to detect the occurrence of a major earthquake and
provide onsite warning around the station. The quality of data was increased by
increasing the signal to noise ratio. Also, more recording stations produce less scatterings
and errors. The results indicate that earthquakes with magnitudes greater than magnitude
5, have greater t_. Thus, by using the obtained relationships in this study, from the first 3

seconds of initial P-waves, we can estimate the magnitude of earthquakes. Also, we can
clarify whether the occurring earthquake could be destructive and early warning issue
might be necessary. The high seismic activity of Bandar-Abbas, the port city at the Strait
of in Hormoz, in southern Iran, highlights the necessity and importance of a dense seismic
network and an early warning system to be deployed in the region in order to detect the
location and the magnitude of damaging earthquakes for the purposes of reducing the
damaging affects of earthquakes by giving a few to a few tens of seconds warning before
the arrival of damaging ground motion.

Key words: Seismic hazard mitigation, Earthquake early warning, Magnitude, Strong
motion
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3.2 54 56.57 26.97 22:31:02 | 2005/12/02 56.07 26.782 3935/01 15 5 132
4.4 37 55.72 26.89 00:22:33 | 2005/12/06 56.07 26.782 3935/02 15 5 133
33 16 55.97 26.89 04:02:50 | 2005/12/06 56.07 26.782 3935/03 15 5 134
3.8 10 56.17 26.8 07:28:09 | 2005/12/17 56.07 26.782 3959 15 5 135
4 19 55.889 26.844 |21:32:32| 2006/01/12 56.07 26.782 3977 15 5 136
4.8 17 55.9 26.81 15:48:41 | 2006/04/16 56.07 26.782 4067 15 5 137
5.4 23 55.84 26.76 07:15:39 | 2006/06/03 56.07 26.782 4096/01 15 5 138
4.6 20 55.94 26.92 07:37:29 | 2006/06/03 56.07 26.782 4096/02 135 139
4 44 55.93 26.41 13:14:19 | 2006/06/03 56.07 26.782 4110 155 140
4.8 6 55.92 26.79 15:19:56 | 2005/11/30 | 55.863 26.766 3922/02 Obed 141
43 18 55.71 26.68 00:34:29 | 2005/12/01 | 55.863 26.766 3922/03 Obe3 142
4.6 22 55.69 26.64 17:29:28 | 2005/12/01 | 55.863 26.766 3960/01 Obed 143
4 96 55.76 2591 21:58:26 | 2005/12/01 | 55.863 26.766 3960/02 Obe3 144
3.7 25 55.63 26.84 00:30:57 | 2005/12/03 | 55.863 26.766 3960/06 Obed 145
3.6 41 56.22 26.95 14:36:01 | 2005/12/05 | 55.863 26.766 3960/08 Obe3 146
3.6 30 56.11 26.92 15:37:14 | 2005/12/05 | 55.863 26.766 3960/09 Obed 147
4.4 20 55.72 26.89 00:22:33 | 2005/12/06 | 55.863 26.766 3960/10 Obed 148
33 17 55.97 26.89 04:02:50 | 2005/12/06 | 55.863 26.766 3960/11 Obed 149
42 27 55.78 27 12:01:56 | 2005/12/06 | 55.863 26.766 3960/12 Obed 150
3.1 66 55.23 26.59 02:42:37 | 2005/12/11 | 55.863 26.766 3960/15 Obed 151
3.1 5 559 26.8 05:04:59 | 2005/12/14 | 55.863 26.766 3960/18 Obed 152
3.8 31 56.17 26.8 07:28:09 | 2005/12/17 | 55.863 26.766 3960/20 Obed 153
32 25 55.81 26.99 15:21:29 | 2006/01/10 | 55.863 26.766 4009/03 Obed 154
4 9 55.889 26.844 | 21:32:32 | 2006/01/12 | 55.863 26.766 4009/04 Obed 155
3 63 55.74 27.32 13:54:30 | 2006/01/21 | 55.863 26.766 4009/05 Obed 156
3.5 12 55.79 26.681 16:07:35 | 2006/01/24 | 55.863 26.766 4009/06 Obes 157
3 17 56 26.86 03:18:07 | 2006/01/27 | 55.863 26.766 4009/07 Obed 158
3.9 9 55.787 26.807 12:17:54 | 2006/02/01 | 55.863 26.766 4009/09 Obed 159
4.8 6 55.9 26.81 15:48:36 | 2006/04/16 | 55.863 26.766 4147/02 Obed 160
43 17 55.86 26.92 16:41:44 | 2006/04/19 | 55.863 26.766 4147/03 Obed 161
33 122 55.139 27.653 18:03:51 | 2006/06/01 | 55.863 26.766 4147/04 Obed 162
3.4 22 55.804 26.958 08:22:19 | 2006/06/03 | 55.863 26.766 4147/07 Obed 163
3 115 56.04 27.79 12:41:55 | 2006/06/03 | 55.863 26.766 4147/09 Obed 164
5.8 7 55.9 26.82 21:02:09 | 2006/06/28 | 55.863 26.766 4147/13 Obed 165
4.5 38 56.25 26.76 21:26:00 | 2006/06/28 | 55.863 26.766 4147/16 Obed 166
3.8 6 55.891 26.715 23:40:45 | 2006/06/28 | 55.863 26.766 4147/19 Obed 167
4.6 12 55.744 26.793 16:41:49 | 2006/06/29 | 55.863 26.766 4147/22 Obed 168
43 11 55.85 26.86 20:01:37 | 2006/07/07 | 55.863 26.766 4256/02 Obed 169
3.9 42 55.77 27.13 20:10:58 | 2006/07/07 | 55.863 26.766 4256/03 Obed 170
4.4 7 55.82 26.72 22:01:00 | 2006/07/17 | 55.863 26.766 4256/05 Obed 171
3 16 55.96 26.88 05:57:01 | 2006/07/22 | 55.863 26.766 4256/06 Obed 172
3.5 7 55.799 26.749 18:02:03 | 2006/11/27 | 55.863 26.766 4256/09 Obe3 173
3.6 52 55.55 27.509 23:00:37 | 2006/02/16 | 56.078 27.56 3982/01 Ol 174
4.1 47 55.669 27.348 05:37:30 | 2006/02/21 | 56.078 27.56 3993/01 Ol 175
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4 31 55.84 27.38 08:09:23 | 2006/02/21 | 56.078 27.56 3993/02 Ol 176
32 30 56.22 27.798 08:25:17 | 2006/02/21 | 56.078 27.56 3993/03 Ol 177
4.7 63 55.504 27.303 10:22:54 | 2006/03/25 | 56.078 27.56 4014/04 Ol 178
4.6 58 55.488 27.558 11:02:57 | 2006/03/25 | 56.078 27.56 4014/06 Ol 179
3.9 55 56.377 27.975 11:57:41 | 2006/03/25 | 56.078 27.56 4014/09 Ol 180
4.6 55 55.525 27.513 12:13:48 | 2006/03/25 | 56.078 27.56 4014/10 Ol 181
4 30 55.823 27.406 12:55:40 | 2006/03/25 | 56.078 27.56 4014/11 Ol 182
4 37 55.704 27.533 13:14:29 | 2006/03/25 | 56.078 27.56 4014/12 Ol 183
4.1 54 55.544 27.674 14:58:13 | 2006/03/25 | 56.078 27.56 4014/13 Ol 184
3.9 27 55.803 27.524 16:08:30 | 2006/03/25 | 56.078 27.56 4014/14 Ol 185
4 49 55.585 27.519 07:21:34 | 2006/03/26 | 56.078 27.56 4016 Ol 186
3.6 39 55.689 27.614 | 07:20:01 | 2006/03/27 | 56.078 27.56 4047/01 Ol 187
3.9 34 55.738 27.54 15:32:12 /| 2006/03/28 | 56.078 27.56 4047/02 Ol 188
4 84 55.231 27.458 12:23:33 | 2006/04/05 | 56.078 27.56 4047/03 Ol 189
3.6 48 55.604 27.671 01:28:16 | 2006/04/13 | 56.078 27.56 4062/02 Ol 190
3.2 30 55.818 27.424 | 02:56:46 | 2006/04/13 | 56.078 27.56 4062/03 Ol 191
6 26 55.81 27.56 07:28:54 | 2006/03/25 | 56.078 27.56 4012.01 Ol 192
53 38 55.703 27.494 | 09:55:16 | 2006/03/25 | 56.078 27.56 4014.02 Ol 193
53 32 55.79 27.697 10:00:41 | 2006/03/25 | 56.078 27.56 4014.03 Ol 194




