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Summary

Growing environmental and social concerns, both on the part of decision makers and
public opinion, have brought a new perspective to the perception of hazard assessments a
valid alternative in the long-term, and an effective complement in short and medium
terms, to traditional design procedure for a resistant and safe environment. Results of the
gradual development of research on the probabilistic seismic hazard assessment (PSHA)
in the past 40 years make a framework that could be used for estimation of probability of
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occurrences of earthquakes, at certain return periods on each site. The primary advantage
of the PSHA over alternative representations of the earthquake threat is that PSHA
integrates over all possible earthquake occurrences and ground motions to calculate a
combined probability of exceedance that incorporates the relative frequencies of
occurrence of different earthquakes and ground-motion characteristics. Features of the
PSHA allow the ground-motion hazard to be expressed at multiple sites consistently in
terms of the earthquake sizes, frequencies of occurrence, attenuation, and associated
ground motion. Potential seismic sources, seismicity models, ground motion prediction
equations (GMPE) and site effects, are the most important factors in seismic hazard
studies. In this research, a modified probabilistic seismic hazard assessment, developed
by Chinese researchers, is used to estimate the level of the potential seismic ground
motion in Iran. A unified catalog of de-clustered earthquakes containing both historical
and recent seismicity until late 2012 in the area encompassed by 22-42°N and 42-66°E is
used. An area source model which contains 238 potential seismic sources within 5 major
seismotectonic provinces in the study region has been delineated. Considering magnitude
uncertainty and incompleteness of the earthquake data, the seismicity parameters of the
seismotectonic provinces are determined. Spatial distribution function is used to
determine occurrence rates of potential seismic sources for different magnitude intervals.
Also, the background seismicity has been determined for each province. Seismic hazard
assessment of Iran for a grid of over 40,000 points with 10 km interval is carried out
using OpenQuake software by three different GMPEs and two models of seismicity for
potential seismic sources in a logic tree. The peak ground horizontal acceleration (PGA)
and spectral accelerations (SA) for 5% damping ratio at 0.2 and 2 seconds corresponding
to 10% and 63% probability of exceedances within 50 years (475- and 50-years mean
return periods, respectively) are calculated. The resultant seismic hazard maps display a
probabilistic estimate of PGA and 0.2 and 2 sec SA for different mean return periods of
50 and 475 years. Resultant peak ground horizontal acceleration for 475-years return
period varies from 0.63g in North-East of Lorestan to 0.1g in central Iran. The resultant
PGAs for the 475-year return period in provincial capitals indicate the maximum value
(0.35g) in Bandar Abbas and Tabriz, and the minimum one (0.11g) in Esfahan and Yazd.
Comparison of the results of this study with the last map of seismic hazard in the Iranian
code of practice for seismic resistance design of buildings, seismic macrozonation hazard
map of Iran, Standard 2800, shows significant differences. Seismic hazard levels
estimated in this study in southern Iran, Sistan-Baluchestan, Hormozgan and Fars
provinces, show significantly higher values.

Keywords: Seismic hazard assessment, Strong ground motions, Seismicity, Potential
seismic sources, Spectral acceleration
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Alborz-Azarbayejan

extreme part complete part
Period (years) 743-1849 1850-1902 1903-1919 1920-1962 1963-1992 1993-2012
Threshold magnitude all 6 5.5 5 4.5 4
Eﬁ;‘t‘;‘;’ﬁgl‘(’zs 39 18 23 140 226 277
Central-East Iran
Period (years) 1336-1902 1903-1922 1923-1955 1956-1971 1972-2001 zﬁggz(; 4
Threshold magnitude all 6.0 5.5 5.0 4.5 4.0
Number of Earthquakes 11 4 24 35 197 234
Kopeh Dagh
Period (years) 840-1869 1870-1916 1917-1939 1940-1974 1972-1994 | 2000-2012
Threshold magnitude all 6.0 5.5 5.0 4.5 4.0
Number of Earthquakes 13 6 14 33 63 100
Makran
Period (years) - 1919-1963 1964-2001 23222(;9
Threshold magnitude - 5.5 4.5 4
Number of Earthquakes 0 15 116 104
Zagros
Period (years) 840-1852 1853-1927 1928-1963 1964-1992 1993-2012
Threshold magnitude all 6 5.5 4.5 4
Number of Earthquakes 21 11 57 906 1215
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Ol G limasos 3 Sl o3 ) sl el Y dgder

A1

. . b-value Mfor Mumin=4.0) Mimax
Sismotectonic
provinces Hard Soft Hard Soft Hard Soft Hard Soft
bound bound bound bound bound bound bound | bound
Alborz-' 2.14+0.03 | 2.23+0.06 | 0.91+0.01 | 0.96+0.03 | 16.92+0.92 | 13.84+1.28 | 8.0+0.6 8.1+0.7
Azarbayejan
Ce“tlrrilr'lEaSt 224004 | 2.26£0.06 | 0.93£0.02 | 0.98+0.03 | 15.81+1.18 | 12.8+1.08 | 7.9+0.28 | 7.940.31
Kopeh Dagh | 2.06+0.06 | 2.15+0.08 | 0.88+0.02 | 0.91+0.04 | 6.13+0.71 | 5.07+0.62 | 7.7+0.74 | 7.8+0.87
Makran 2.0£0.09 | 2.02+0.11 | 0.85+0.04 | 0.86+0.05 | 6.33+0.81 6.33+0.78 | 8.5+1.08 | 8.5+1.27
Zagros 2.53+0.02 | 2.64+0.03 | 1.08+0.01 | 1.12+0.01 | 67.04+3.2 49.1+2.58 | 7.4+0.21 | 7.5+0.23
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Spatial distribution function
Source No. | Mmax
6.0<Mw<6.5 | 6.5<Mw<7.0 | 7.0<Mw<7.5 | 7.5<Mw<8.0
60 7.0 0.039 0.045
61 7.0 0.051 0.047
62 7.0 0.043 0.062
63 6.5 0.043
64 7.7 0.051 0.067 0.087 0.216
65 7.0 0.044 0.052
66 6.5 0.043
67 7.0 0.044 0.052
68 7.5 0.060 0.057 0.121
69 7.7 0.045 0.052 0.130 0.175
70 6.5 0.039
71 7.0 0.049 0.045
72 7.7 0.046 0.065 0.113 0.179
73 7.0 0.043 0.071
74 7.7 0.049 0.057 0.130 0.251
75 7.5 0.045 0.064 0.097
76 7.5 0.059 0.047 0.087
71 7.5 0.055 0.052 0.111
78 6.5 0.020
79 7.7 0.046 0.065 0.124 0.179
80 7.0 0.043 0.050
81 7.0 0.043 0.050
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PGA(g) SA(0-2s)(g) SA(2s)(g)

Name Long. Lat.
475yr | S0yr | 475yr | S0yr | 475yr | 50 yr
Ahvaz 49.88 | 31.53 0.312 | 0.109 0.68 0.215 | 0.063 | 0.016
Arak 49.68 | 34.08 0.136 | 0.053 | 0.272 | 0.106 | 0.049 | 0.013
Ardebil 48.328 | 38.217 | 0.258 | 0.079 | 0.564 | 0.162 | 0.065 | 0.016
Bandar Abbas | 56.293 | 27.193 | 0.353 | 0.111 | 0.785 | 0.219 | 0.081 | 0.018
Birjand 59.208 | 32.876 | 0.173 | 0.053 | 0.359 | 0.105 | 0.048 | 0.011
Bojnoord 57.314 | 37.482 | 0.269 | 0.085 | 0.577 | 0.173 | 0.077 | 0.017
Boushehr 50.837 | 28.977 | 0.226 | 0.092 | 0.431 | 0.166 | 0.029 | 0.011
Esfahan 51.68 32.65 0.112 | 0.042 | 0.218 | 0.083 | 0.026 | 0.008
Gorgan 54.385 | 36.839 | 0.228 | 0.072 | 0.477 | 0.143 | 0.055 | 0.011
Hamedan 48.534 | 34.869 | 0.184 | 0.059 | 0.381 0.118 | 0.057 | 0.014
Tlam 46.42 33.64 0.246 0.1 0.494 | 0.192 | 0.043 | 0.015
Karaj 50.96 35.82 0.25 0.077 | 0.543 | 0.154 | 0.058 | 0.014
Kerman 57.083 | 30.256 | 0.189 | 0.061 | 0.399 | 0.126 | 0.049 | 0.012
Kermanshah 46.42 34.35 0.233 | 0.099 | 0.468 | 0.191 | 0.043 | 0.015
Khoram Abad | 48.371 | 33.518 | 0.266 | 0.111 0.529 0.21 0.077 | 0.017
Mashhad 59.561 | 36.315 | 0.231 | 0.078 | 0.489 | 0.157 | 0.061 | 0.016
Orumieh 45.05 | 3753 0.153 | 0.056 | 0.321 0.115 | 0.038 | 0.012
Qazvin 50.011 | 36.281 | 0.235 | 0.077 | 0.496 | 0.156 | 0.061 | 0.014
Qom 50.89 | 34.64 0.175 | 0.055 | 0.368 | 0.111 | 0.039 | 0.012
Rasht 49.591 | 37.292 | 0.252 | 0.078 0.53 0.156 | 0.067 | 0.014
Sanandaj 47 353 0.157 0.06 0.334 | 0.123 | 0.045 | 0.013
Sari 53.069 | 36.607 | 0.181 0.07 0.377 | 0.138 | 0.039 | 0.012
Semnan 53.444 | 35592 | 0.219 | 0.071 | 0.441 0.14 0.045 | 0.012
Shahr-e-kord 50.83 32.36 0.231 0.09 0.45 0.167 | 0.046 | 0.013
Shiraz 52.531 | 29.625 | 0.305 | 0.109 | 0.648 | 0.216 | 0.066 | 0.017
Tabriz 46.28 38.05 0.354 | 0.084 | 0.775 | 0.166 | 0.095 | 0.015
Tehran 51.466 | 35.827 | 0.247 | 0.077 | 0.529 | 0.156 | 0.059 | 0.014
Yasuj 51.6 30.66 0.321 | 0.107 | 0.699 0.21 0.068 | 0.015
Yazd 54.37 | 31.89 0.111 0.04 0.216 | 0.076 | 0.014 | 0.005
Zahedan 60.85 29.45 0.158 | 0.051 0.33 0.101 0.031 0.008
Zanjan 48.49 36.67 0.191 0.07 0.388 | 0.138 | 0.043 | 0.013
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Name Long. Lat. | Vao(m/s) PeAR) SAG29E SACY®
475yr | S0yr | 475yr | S0yr | 475yr | S0yr
Ardebil 48.328 | 38.217 659 0.29 0.089 | 0.638 | 0.184 | 0.078 0.02
Bandar Abbas | 56.293 | 27.193 337 0475 | 0.161 | 1.031 | 0.338 | 0.181 | 0.038
Birjand 59.208 | 32.876 787 0.18 0.056 | 0.375 | 0.114 | 0.051 | 0.012
Bojnourd 57.314 | 37.482 504 0.32 0.104 | 0.707 | 0.223 | 0.114 | 0.026
Bushehr 50.837 | 28.977 511 0.271 | 0.113 | 0532 | 0.215 | 0.043 | 0.016
Gorgan 54.385 | 36.839 291 0.306 | 0.108 | 0.652 0.23 0.124 | 0.026
Hamedan 48.534 | 34.869 872 0.186 | 0.061 | 0.386 | 0.123 | 0.056 | 0.015
Kerman 57.083 | 30.256 202 0.284 | 0.112 | 0.611 | 0.241 | 0.144 | 0.038
Khoramabad | 48.371 | 33.518 821 0.275 | 0.118 | 0.559 | 0.227 | 0.082 | 0.021
Mashhad 59.561 | 36.315 707 0.25 0.085 0.532 0.174 0.07 0.019
Qazvin 50.011 | 36.281 456 0.286 | 0.098 0.63 0.21 0.101 | 0.024
Rasht 49.591 | 37.292 334 0.332 0.11 0.71 0.236 | 0.141 0.03
Sari 53.069 | 36.607 359 0.24 0.096 | 0.516 | 0.203 | 0.073 | 0.022
Semnan 53.444 | 35.592 393 0.277 | 0.094 | 0.587 | 0.199 | 0.084 | 0.021
Shiraz 52.531 | 29.625 345 0.395 | 0.156 | 0.867 | 0.328 | 0.138 | 0.036
Tehran 51.466 | 35.827 481 0.296 | 0.096 | 0.659 | 0.204 0.09 0.022
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