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1. Introduction

Intensity is one of the useful information in extract earthquake analyzing of a
region; then, preparing a complete dataset of themis necessary for each region. One
of the best intensity information of the most historical and several instrumental
earthquakes in Iran (from year 658 to 1979) was reported in an intensity scale with
five degrees. There are also several earthquakes with reported intensity information
in other three 12-degree intensity scales. Intensity values of these earthquakes
could be more useful, ifthey are converted to a uniform scale, especially in a recent
12-degree intensity scale. In this study, the intensity values were re-estimated for
the earthquakes with different reports of intensity. These estimations were performed
based on the definition of both the European Macroseismic Scale to consider the
building damages and Environmental Seismic Intensity Scale to consider environ-
ment effects.Orthogonal Regression was also selected to estimate the relationships
between different reported intensity scales (0.61 <o < 1.80). By considering the
results of the relationships of this study, the intensity values of Iranian earthquakes
with various intensity information, only descriptions, only intensity values, or both
ofthem, could be re-estimated in a uniform intensity scale.

Earthquake destruction and damage is one of the
most important factors that could be effective on
seismologist decisions of each region. In seismology,
this factor could be defined as a value called
intensity value, which could be a way of studying
seismic activity. The most reliable intensity values
are the ones determined according to the complete
descriptions of each earthquake.

Various types of intensity scales introduced in
different periods of time, and in different parts of
the world were applied more than the others in
each area. In the selected area, Iran, the intensity
values were reported in four types of intensity
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scales; one 5-degree scale (AMS; [1]) and three
12-degree intensity scales, Modified Mercalli (MM:
MMI; [2-3]), the Medvedev-Sponheuer-Karnik
(MSK; [4]), and the European Macroseismic Scale
(EMS; [5-6]). Most earthquake descriptions of
this region were reported by Berberian [7-12],
Zare and Memarian [13], Ambraseys [14], and
Ambraseys and Moinfar [15]. Moreover, a few
earthquakes were reported by other authors used in
this study, which a list of some articles on these
studies is presented in Appendix.

These earthquakes were reported in four types
of mentioned intensity scales (AMS, MMI, MSK,
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and EMS). Studying on the earthquakes with
different reported intensities could be useful to
extract the relationships between different intensity
scales for converting the intensity values in a unique
intensity scale. Then, in this study, all earthquake
descriptions and their reported intensity values in
different intensity scales were collected from
available references. Then, the intensity values of all
earthquakes were re-estimated in a new intensity
scale. In the following, Orthogonal Regression
method was applied to estimate the new relationships
to convert various intensity scales to each other.
Therefore, re-estimating the intensity values of
earthquakes in a uniform intensity scale could be
possible in this study.

2. Dataset

Intensity information of Iranian earthquakes
was collected from available books, articles, and
published reports of different Iranian research
centers including International Institute of Earth-
quake Engineering and Seismology (IIEES), Building
and Housing Research Center (BHRC), Geological
Survey of Iran (GSI), and National Geoscience
Database of Iran (NGDIR).

Two main types of avialable intensity information
consist of the descriptions and the values of intensity.
From all earthquakes, about 350 earthquakes have
different descriptions; some of them with the
reported intensity values and some of them without
any intensity values. Other earthquakes have only
got the reported intensity values without any
descriptions. For several earthquakes, the descrip-
tions of some macroseismic data points (MDPs)
were also reported. All of this information was used
to estimate the relationships.

3. Method

Estimating the relationships between different
intensity scales to convert the intensity values in a
uniform intensity scale was the main purpose of this
study. Ordinary least square is the most popular
regression for fitting the data and estimating the
parameters [16-20]; however, this regression
assumes that the uncertainties of the independent
variables are negligible. Orthogonal Regression
(OR) or General Orthogonal Regression (GOR) is
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another regression with the assumption of different
uncertainties for each variable [21-22]. To estimate
the simple regression between two intensity scales,
each one of which has independent uncertainty,
the regression method should consider the uncer-
tainties of each variable. Orthogonal Regression could
be suitable for this estimation. This method was
selected to estimate the relationships between
several types of intensity scales which have inde-
pendent variables.

In seismology, in some cases such as magnitude
conversion, the results of OR are more preferable
than the ordinary one [23-25]. The basic definition of
this regression defined by Fuller [26] and used also
by Castellaro et al [21], Lolli and Gasperini [22] and
Shahvar et al [27] for earthquake catalogs. In this
regression, two main assumptions are considered, in
which =1 (OR) and n = 1 (GOR), which obtained
by minimizing
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The values of n in our estimation are not 1,
then according to Castellaro et al. [21] the general

orthogonal estimator of slope is:
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where s2, si and s,, are the variance of the x, y,
covariance between y and x; and the estimator of
the intercept is:
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4. Conversion Intensity Values in Different
Scales

All intensity values reported in four types of
intensity scales could be more useful if they are
re-estimated in a uniform intensity scale, especially
if this scale is in a 12-degree scale. Using all
available information of the reported intensity
values and also considering their descriptions in
different scales collected in this study, the relation-
ships between different types of intensity scales were
calculated. For each relationship, the earthquakes
with values at least in two types of scales were
used.

4.1. Re-Estimating the Reported Intensity Scale

Maximum number and descriptions of intensities
for earthquakes in Iran, occurred from year 658 to
1979, were reported by Ambraseys and Melville
[1]. After introducing MSK intensity scale, for 34

earthquakes of those earthquakes in AMS scale,
Ambraseys [14] reported their new intensity values
in MSK scale. On the other hand, these 34 earth-
quakes were reported by Ambraseys [1, 14] in
both AMS and MSK intensity scales. With intensity
values of earthquakes in four reported intensity
scales, the relationships between 5-degree scale of
Ambraseys and Melville [1] and other scales were
calculated. Results of converting AMS scale to
other scales estimated by Orthogonal Regression
are presented in Table (1) and Figure (1).

The intensity values of earthquakes, especially
in recent decades were reported in 12-degree scales
but in different types of scales. Although, there are
not many earthquakes reported in different intensity
scales, it is possible to estimate the relationships
between them with considering those with reported
intensities in more than one scale. There are not
many earthquakes with the reported EMS scale, but
it is possible to estimate it to some of the earthquakes
with the descriptions on building damage. Then,
these descriptions used to estimate their intensities
in EMS scale; and the values applied to calculate the
relationships. Results of regression coefficients of
converting different types of 12-degree scales
reported for Iranian earthquakes are presented in
Table (1) and Figure (2).

4.2. Uniform Intensity Scale

Environmental Seismic Intensity (ESI) is another
intensity scale introduced to consider environmental
effects that are partially neglected in other intensity
scales. This scale was introduced by Michetti et al

Table 1. Coefficients of the relationships between different reported intensity scale.

Relationship Between Beta' Unc_Beta® Alfa' Unc_Alfa® Std’(x) Std’(y) N*
AMS-MMI 1.16 0.07 5.14 1.58 0.74 0.85 88
AMS-MSK 1.36 0.17 5.78 1.75 0.61 0.83 33
AMS-EMS 1.66 0.15 5.10 2.07 0.91 1.52 175
MSK-MMI 0.90 0.11 1.14 6.78 1.02 0.91 32
EMS-MMI 0.69 0.10 1.29 7.26 1.43 0.99 84
EMS -MSK 0.74 0.15 1.28 8.54 1.44 1.06 37

! Coefficients of relationship based on the reported intensity values

% Uncertainty of coefficients by fitting orthogonal regression

3 Standard deviation of the x, y series of data
4 Number of data for each intensity
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Figure 1. Plot of intensity dataset of AMS intensity scale versus other intensity scales using orthogonal regression; the coefficients

are presented in Table (1).
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Figure 2. Plot of intensity dataset of MSK, MMI, and EMS intensity scale against each other using orthogonal regression.

[28-29] and has the support of the International
Union for Quaternary Research [29] by considering
the comparison of three most diffused intensity
scales (MCS, MSK, and MM).

Some Iranian earthquakes have several descrip-
tions not on building damages but on environmental
effects. To improve the dataset, ESI intensity scale,
which was not used for Iranian earthquake before,
was also used to re-estimate the relationships and
intensity values. On the other hand, by considering
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the descriptions of both EMS intensity scale as the
recent complete scale on building damage and ESI
intensity scale to consider environment effects, the
new intensity values of earthquakes in Iran were
re-estimated using both EMS and ESI scales
simultaneously. Then, all reported intensity values
could be re-estimated in a uniform scale (called
EMS-ESI in this study). Plot of these regressions
and their coefficients are presented in Figure (3)
and Table (2).
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Relationship between EMS-ESI and MSK Scale
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Figure 3. Plot of intensity dataset of all intensity scales versus EMS-ESI intensity scale using orthogonal regression; the slope of
relationship between AMS and EMS-ESI scale is different from the others, because the maximum intensity of this scale

is 1 instead of 12 in other scales.

Table 2. Coefficients of the relationships between EMS-ESI intensity scale and other reported intensity scales (for more explanation

see Table 1).
Related to Beta Unc_Beta Alfa Unc_Alfa Std (x) Std (y) N
AMS 1.70 0.14 3.67 2.35 1.06 1.80 333
MMI 0.67 0.08 1.51 6.32 1.63 1.10 148
MSK 0.76 0.11 1.14 7.66 1.27 0.96 50
EMS 1.03 0.11 -0.35 7.06 1.51 1.55 250

4.3. Accuracy of Relationships

Re-estimating the new uniform intensity values
considering all descriptions could estimate more
reliable results. Moreover, estimating the mean of
standard deviation of converting each intensity
scale showed that the maximum differences of
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uncertainties belonged to convert MSK scale that
could be because of its reports by different authors
(Tables 1 and 2). However, with considering
EMS-ESI intensity scale, all intensity values could
be converted to the values in a unified intensity
scale. In converting different scales with respect to

63



H. Amini and Mehdi Zare

EMS-ESI scale, the range variation of the mean of 5. Conclusion

standard deviations changed between the values 0.96
and 1.80, Table (2) and Figure (4).
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Figure 4. Mean of standard deviation of EMS-ESI intensity

scale against other intensity scales; their variations
of standard deviation change between 0.61 and 1.8.
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Intensity information of Iranian earthquakes
consist of the earthquakes with only the reported
intensity values, with only the descriptions and with
both the descriptions and the intensity values. Most
of the historical and several instrumental earthquakes,
occurred from 658 to 1979, were reported by
Ambraseys and Melville [1] in five degrees. More-
over, the intensity values of different instrumental
earthquakes were reported in 12-degree scale by
different authors; such as MMI scale by Berberian
[7-12], MSK scale by Ambraseys [14], and EMS by
Zare and Memarian [13].

In this study, Orthogonal Regression (OR/GOR)
was selected to estimate the relationships between
intensity scales, which their variables are indepen-
dent. With applying this regression, the relationships
between different reported intensity scales and the
scale used to convert all intensities to the uniform
scale were calculated (Tables (1) and (2)). Based on
two intensity scales, EMS scale that considers the
building damages and ESI scale that considers
environment effects, the intensity values were
reestimated in a new and uniform intensity scale
called EMS-ESI in this study for the earthquakes in
Iran.

In the following, with fitting OR, the new
relationships were calculated to convert each type
of reported intensity scales to the EMS-ESI scale
(Tables 1, 2 and Figures 1 to 4). Range variation
of the mean of standard deviation of these
conversions, changed between the values 0.61 and
1.80, Table (3) and Figure (4), show that this
regression could estimate almost the best intensity
values.

Most of the earthquakes are the historical
earthquakes reported by Ambraseys and Melville
[1] in a 5-degree scale, which were re-estimated in
EMS-ESI intensity scale in this study. Although
more than 5500 earthquakes with magnitude more
than 4 were occurred in this region, according to this
study, only 512 earthquakes have the intensity
values; therefore, more investigation is necessary
to complete the intensity dataset.

6. Data and Resources

International Institute of Earthquake Engineering
and Seismology (IIEES) with searching on

JSEE/VWl. 18, No. 1, 2016
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www.iiees.ac.ir/fa/eqreports/, Building and Housing
Research Center (BHRC) with searching on
http://bhrc.ac.ir/, Geological Survey of Iran (GSI)
with searching on http://www.gsi.ir/General/Lang_fa,
and National Geoscience Database of Iran (NGDIR)
with searching on http://www.ngdir.com/Downloads/

PDownloadList.asp.
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