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ABSTRACT

This article presents the results of  disaggregation of  ground motion
hazard obtained for two of  Iran’s urban centers, Kermanshah and
Sanandaj. Disaggregation of  peak ground acceleration (PGA) and
spectral acceleration hazard corresponding to mean return periods of
475 and 50 years is performed. 12 area seismic sources in the study re-
gion as well as 15 area seismic sources in a 150-km distance from the
region are delineated. The scenario earthquakes are characterized by
bins of  magnitude, M, source-to-site distance, R, and number of  stan-
dard deviations, ε, that the ground-motion parameter is away from its
median value for that M-R pair as estimated by a prediction equation.
In most cases, the sources closer to the site dominate. Larger, more dis-
tant earthquakes contribute more significantly to hazard for longer pe-
riods than for shorter periods. Disaggregation plots can provide useful
information on the distance and magnitude of  predominant sources,
which can be used to generate scenario earthquakes and select corre-
sponding time histories for seismic design.

1. Introduction
For many earthquake and/or geotechnical engi-

neering analyses, time histories compatible with local
seismic activity are desired. It is desirable the selection
of  these time histories to be based on a probabilistic
seismic hazard assessment (PSHA) consistent with the
seismicity of  the region. PSHA aggregates ground mo-
tion contributions from all earthquakes of  all possible
magnitudes, as probability at all significant distances
from the site of  engineering interest. Therefore, the
PSHA results are not representative of  a single-design
earthquake. For a given site of  engineering interest, the
disaggregation of  the PSHA results provides a tool to
understand the relative contribution of  each source to
the overall seismic hazard. Precisely, the disaggregation
process extracts the combinations of  magnitude (M),

source-to-site distance (R) and the number of  standard
deviations (ε) by which a ground motion parameter dif-
fers from the median value predicted by a ground mo-
tion prediction equation (GMPE) given magnitude, M,
and distance, R. The hazard disaggregation portrays
the design or controlling earthquake from either the
mean or modal values of  M and R only, or ε as well.
The probabilistic disaggregation methodology is expli-
cated in great detail on the studies of  Chapman [1995],
McGuire [1995], Cramer and Petersen [1996], Frankel et
al. [1996], Bazzurro and Cornell [1999], Harmsen et al.
[1999], Frankel et al. [2000], Harmsen and Frankel
[2001], Campos Costa et al. [2002], Montilla et al. [2002],
Harmsen et al. [2003], Barani et al. [2009], Sousa and
Costa [2009], Chioccarelli and Iervolino [2013] and Sa-
betta [2013].

Based on the seismic hazard study conducted by
Shabani and Mirzaei [2007], the hazard assessment re-
sults have been disaggregated in terms of  magnitude,
distance and epsilon, to investigate the scenario earth-
quake contributing the most to the ground motion haz-
ard. The disaggregation was undertaken in accordance
with the procedure recommended by McGuire [1995].

Shabani and Mirzaei [2007], assuming that earth-
quakes follow a Poisson model, used a probabilistic
procedure to calculate seismic hazard for different re-
turn periods in the Kermanshah-Sanandaj region, an
area encompassed by 46-48°E longitudes and 34-36°N
latitudes. 12 seismic sources are delineated in the Ker-
manshah-Sanandaj region as well as 15 other seismic
sources in a 150-km distance from the region. 

The major aim of  this study is the disaggregation
of  seismic hazard for the two cities; Kermanshah and
Sanandaj in the west of  Iran. In this regard, the quan-
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tified hazard values in terms of  the peak ground ac-
celeration (PGA) over bedrock, following the national
building code (Vs30 > 750 m/s), are mapped for 10%
and 63% probabilities of  exceedance in 50 years on grid
intervals of  0.1°, using the NGA model of  Boore and
Atkinson [2008] and the GMPE developed in Am-
braseys et al. [1996]. Then, disaggregation of  the haz-
ard is done in terms of  magnitude-distance pairs, and
epsilon in each site of  Kermanshah and Sanandaj. 

2. Tectonic setting
Zagros continental collision zone is the most seis-

mic active region of  Iran. The Crushed Zone of  Za-
gros, also known as High Zagros, consists of  high
mountains parallel to the Zagros fold and thrust belt.
The Zagros Crushed Zone is bounding from north by
the Main Zagros Reverse Fault and the Main Recent
Fault (MRF) (Figure 1). Wellman [1966] identified the
Main Recent Fault, based on the stream pattern. Later,
Tchalenko and Braud [1974] presented a more detailed
description of  this conspicuous active structure. MRF
makes the boundary between the High Zagros and the
Sanandaj-Sirjan zones. From southwest to northeast,

rock units demonstrated higher grade of  deformation
that is maximized in the boundary zone where the
thrust sheets verge southwardly. The MRF is a promi-
nent right-lateral strike-slip fault system with a north-
west-southeast trend in the northeast Zagros border
zone. It is broadly parallel to, and younger than, the
Main Zagros Reverse Fault (Figure 1). The MRF is a
major seismogenic structure that comprises several seg-
ments (namely, the Dorud, Nahavand, Sahneh, Di-

navar, Morvarid and Piranshahr faults) with different
levels of  seismicity (Figure 1). More intense seismic ac-
tivity in Zagros is concentrated along the Main Recent
Fault, between 33°N and 35°N on the Dorud, Naha-
vand, Dinavar and Sahneh segments, while the Mor-
varid and Piranshahr segments to the north show
relative seismic quiescence [Tchalenko and Braud 1974,
Berberian 1995, Shabani and Mirzaei 2007]. 

3. Probabilistic seismic hazard analysis
PSHA is a process that integrates aleatory uncer-

tainties to calculate the mean annual rate of  exceeding
a given ground motion parameter value at a site. This
approach is able to provide the estimate of  ground mo-
tion with a specified confidence level (probability of  not
exceeding). 

Traditionally, the configuration of  individual seis-
mic sources could be points, lines, areas or volumes, de-
pending on the type of  source chosen and the ability to
define it in geologic space [Reiter 1990]. The point source
model is used when there is no evidence to define a
causative structure for the corresponding earthquakes.
Line sources are modeled for identified active faults. 

Potential seismic source zones are determined
using tectonic information of  the region, epicenter dis-
tributions of  earthquakes and other available geologi-
cal/geophysical information. Possible rupture segments
may be reflected by structural discontinuities of  the
fault. For instance, where strike-slip fault intersect and
offset the thrust is considered as a structural disconti-
nuity. Changes in orientation of  the fault, abrupt
changes in dip, changes in net slip [Knuepfer 1989] and
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Figure 1. Zagros mountains annotated with Major fault systems,
the Sanandaj-Sirjan zone. In set shows Main Recent Fault and the
relevant fault segments.

Figure 2. Potential seismic sources in the Kermanshah-Sanandaj
region [Shabani and Mirzaei 2007].
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changes in spatial pattern of  seismicity [Ye et al. 1995]
also may be considered to recognize the structural dis-
continuities. In this study, potential seismic sources are
modeled as area sources (Figure 2), in which configu-
ration of  each source zone is controlled, mainly, by the
size of  active faults, mechanism of  earthquake faulting
and the depth of  the earth crust in which large earth-

quakes originate [see Mirzaei et al. 1999]. Area sources
assume that the rate of  occurrence is uniform through-
out. Therefore, every location within the area has equal
probability that an event will occur. The maximum
earthquake magnitude (Mmax) for each seismic source is
determined in two ways: the maximum historical
earthquake approach or using the empirical relation-

DISAGGREGATION OF GROUND MOTIONS IN IRAN

Source No.

5.5 <M<=6.0 6.0<M<=6.5 6.5<M<=7.0 7.0<M<=7.5

Mmax Beta

1 0.0004 0.0002 6.5 1.9

2 0.0004 0.0002 6.5 1.9

3 0.0004 0.0002 6.5 1.9

4 0.026 0.003 0.001 7.0 2.4

5 0.010 0.003 0.001 7.0 2.4

6 0.011 0.003 0.001 0.006 7.5 2.4

7 0.027 0.027 0.0222 0.006 7.5 2.4

8 0.008 0.002 6.5 2.4

9 0.009 0.003 6.5 2.4

10 0.009 0.003 0.001 6.5 2.4

11 0.006 0.002 6.5 2.4

12 0.007 0.002 6.5 2.4

13 0.008 0.002 6.5 2.4

14 0.008 0.002 6.5 2.4

15 0.007 0.002 6.5 2.4

16 0.007 0.002 6.5 2.4

17 0.008 0.002 6.5 2.4

18 0.040 0.002 6.5 2.4

19 0.040 0.002 6.5 2.4

20 0.039 0.025 0.011 0.0001 7.5 2.4

21 0.007 0.002 6.5 2.4

22 0.007 0.002 6.5 2.4

23 0.002 0.0001 6.5 1.9

24 0.002 0.0001 6.5 1.9

25 0.0004 0.002 6.5 1.9

26 0.0004 0.0001 6.5 1.9

27 0.002 0.002 0.0001 0.0001 6.5 1.9

Occurence rate (number/year)

Table 1. The seismic parameters of  potential seismic sources of  the study region and surrounding areas.



ships proposed by Wells and Coppersmith [1994]. Esti-
mated values of  Mmax in potential seismic sources
range from 6.5 to 7.5. Table 1 includes the potential
seismic source characterization parameters, including

maximum magnitude and annual rates of  occurrence
in defined magnitude intervals for each potential seis-
mic source. Because of  the lake of  data in each poten-
tial source, Beta values are allocated from the
seismotectonic proviences. The minimum magnitude
(Mmin=4.0) is used to define the range of  earthquakes
used in hazard calculations. Earthquakes with magni-
tude 4.0 ≤ M < 5.5 are considered as background seis-

mic activity. Since there is no systematic difference be-
tween Ms and Mw within the range of  5.7 to 8.0, all
magnitude units are considered Ms. On the other hand
in the range of  4.7 to 5.0, Ms is systematically smaller

than Mw, the standard deviation of  the difference be-
tween each pair of  Ms and Mw is ~ 0.19 [Wells and Cop-
persmith 1994]. The annual mean occurrence rate of
earthquakes in potential seismic sources is calculated
by the concept of  spatial distribution function (SDF)
[Shi et al. 1992]. Based on SDF, the annual mean oc-
currence rate of  earthquakes in a seismotectonic
province should be allocated to each magnitude inter-
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Figure 3. Seismic hazard map of  the Kermanshah-Sanandaj region
in terms of  PGA for the 50-year return period.

Figure 4. Seismic hazard map of  the Kermanshah-Sanandaj region
in terms of  PGA for the 475-year return period.

Figure 5. Seismic hazard map of  the Kermanshah-Sanandaj region
in terms of  Sa(2.0 s) for the 50-year return period.

Figure 6. Seismic hazard map of  the Kermanshah-Sanandaj region
in terms of  Sa(2.0 s) for the 475-year return period.
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val in the corresponding potential seismic sources in
order to properly reflect the inhomogeneity of  seismic-
ity in time and space, and to avoid the underestimation
of  a potential hazard of  large magnitude earthquakes.
Different kinds of  seismological, tectonic, and geo-
physical data can be used to indicate the possible future
earthquake activities in the interest region, providing
basis for evaluation of  spatial distribution function. For
more details, one can refer to Shabani and Mirzaei
[2007]. In this study, four controlling factors [Shabani
and Mirzaei 2007] are considered for evaluation of  SDF:
the reliability of  delineation of  potential seismic
sources; tectonic setting of  potential seismic sources;
structural elements in potential seismic sources and
characteristics of  seismic activity in potential seismic
sources. For calculation of  spatial distribution function
based on the controlling factors, the method of  equal
weight summation given by Yan [1993] is used.

In PSHA, aleatory uncertainties, which are inher-
ently random, are accounted for by considering earth-
quake events with all possible magnitudes and distances.
Epistemic uncertainty is that which is due to potential
errors in the physical description of  seismic-wave at-
tenuation and associated source size [Harmsen et al.
1999]. It can be reduced with additional knowledge, in-
formation or data [Bozorgnia and Bertero 2004]. In this
study, two GMPEs are employed to model epistemic
uncertainty. The two attenuation relations, developed
in Ambraseys et al. [1996] and Boore and Atkinson
[2008], are given equal weights in the determination of
the conditional probability that response spectral ac-
celeration or peak ground motion acceleration exceeds
some reference ground motion, given the occurrence
of  an earthquake for sites of  the Kermanshah and
Sanandaj. There are very few GMPEs appropriate for
the study region in Zagros. Shoja-Taheri et al. [2010]
carried out a comprehensive study on comparison of
three Next Generation Attenuation (NGA) equations
[Boore and Atkinson 2008, Campbell and Bozorgnia
2008, Chiou and Youngs 2008] as representatives of  all
the NGA models, with the strong-motion data recorded
in Iran, and concluded that the three NGA models are
generally applicable to the presently available Iranian
dataset. Shoja-Taheri et al. [2010] also approved that the
NGA model of  Boore and Atkinson [2008] is somewhat
more applicable for Iran than the other two models,
since some of  the details on the near source effects in it
(e.g., effects of  hanging wall and footwall, distance of
the upper part of  the fault rupture to the surface, and
so on) are excluded. The GMPE developed in Am-
braseys et al. [1996] is employed which uses a large and
uniform dataset to find absolute spectral acceleration
ordinates in Europe and Middle East. This equation

used in the range of  magnitudes from Ms 4.0 to 7.5 and
for source-to-site distances of  up to 200km. 

Ground motion parameters PGA and Sa(T) are cal-
culated, where PGA is the peak horizontal ground ac-
celeration and Sa(T) represents the 5% damped spectral
acceleration for period T in seconds. We considered
PGA to be part of  the acceleration response spectrum
with a period of  0.01 sec, because most of  the NGA
models [Campbell and Bozorgnia 2008, Chiou and
Youngs 2008, Idriss 2008] have identical coefficients for
PGA and Sa (0.01 sec). Idriss [2008] notes that the ob-
served values of  PGA and Sa (0.01 sec) are generally
within 2% of  each other. Figures 3 to 6 show the hazard
maps in terms of  PGA and 2.0s spectral acceleration,
representing the mean acceleration values for the 475
and 50-year return periods. Hazard calculations were
carried out using the EZ-FRISK (version 7.43) code [Risk
Engineering 2010]. 

4. Disaggregating seismic hazard
The representation of  the hazard at a site provided

by the disaggregation procedure takes a step back from
the probabilistically framed final outcomes and displays
the hazard in terms of  the readily understandable pa-
rameters. When the hazard is disaggregated the result is
a suite of  magnitude-distance pairs that occur with var-
ious probabilities. The identification of  the most criti-
cal earthquake scenarios is therefore made relatively
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Figure 7. Disaggregated seismic hazard for a site in Kermanshah
for 63% and 10% in 50 years probability of  exceedances for PGA
and Sa(0.2 s). Bins of  width 0.4 in magnitude, 10 km in distance, and
0.2 in ε are used.



transparent to the end user of  PSHA. As well as disag-
gregating the total hazard with respect to magnitude
and distance one should also consider the contributions
to the hazard that are made by various values of  the de-
viation parameter in the GMPE (ε). When the hazard
disaggregation is performed in terms of  the three vari-
ables, M, R, ε , one is able to get a complete picture of
where the overall hazard comes from. An additional
method that provides even greater clarity is the 4D dis-
aggregation methodology proposed by Bazzurro and
Cornell [1999] in which the positional contributions are
also included by disaggregating the distance, further
into latitude and longitude. In this study we performed
2D disaggregation in terms of  M-R and, 1D disaggrega-
tion in terms of  ε.

Usually, both mean and modal values of  M, R and
ε are reported for identifying the dominant event, be-
cause each of  them has its advantages and disadvan-
tages. The mean values            and are independent
of  the bin size, but they may correspond to a scenario
that is not realistic, if  there are two or more sources
with a significant contribution to the hazard. The
modal values represent the most likely event that may
induce the specified acceleration level at the site. The
values depend on the dimension of  the bins [Bazzurro
and Cornell 1999]. 

The seismic hazard results are disaggregated for
Kermanshah and Sanandaj cities to help understand the
relative contributions of  the earthquake sources in
terms of  distance and magnitude. Bins of  width 0.4 in
magnitude, 10 km in distance, and 0.2 in ε  are used.
Disaggregation results are generated by EZ-FRISK (ver-
sion 7.43) computer program [Risk Engineering 2010],
in terms of  magnitude-distance, and epsilon separately. 

For the sites of  Kermanshah and Sanandaj, disag-
gregation of  PGA and 0.2, 0.5, 1.0 and 2.0s spectral ac-
celeration hazard is performed and mean and modal
values are computed. Table 2 presents the variation of
mean and modal values of, R, and ε with spectral pe-
riod for Kermanshah and Sanandaj. 

The acceleration values disaggregated corresponds
to return periods of  50 and 475 years. For an MRP of  50
yr,        (mean) and M∗ (modal) tend to increase slightly
with period. The difference between mean and modal
values of  R for periods greater than 1.0 sec indicates
that more than one scenario contributes significantly to
the site hazard for those spectral periods (Table 2). Sim-
ilar observations can be made for an MRP of  475 years.
Once again, examining the behavior of  ε indicates that
both the mean and modal values increase as the MRP
increases in Kermanshah. While for, Sanandaj, ε does
not show some specific trend. Moreover, for this latter
site, it is clearly evident that the contribution from
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Figure 8. Disaggregated seismic hazard for a site in Sanandaj for
63% and 10% in 50 years probability of  exceedances for PGA and
Sa(0.2s). Bins of  width 0.4 in magnitude, 10 km in distance, and 0.2
in ε are used.
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DISAGGREGATION OF GROUND MOTIONS IN IRAN

Figure 10. Spectral accelerations for earthquake scenarios in Kermanshah; (a)     =4.8 at     =22 km for Sa (0.01 s) and MRP of  50-year, (b)
=5.7 at      =42 km for Sa (0.01 s) and MRP of  475 yr, (c)     =4.9 at     =21 km for Sa (2 s) and MRP of  50 yr, (d)     =6.1 at     =45 km for Sa

(2 s) and MRP of  475-year. 

Figure 11. Spectral accelerations for earthquake scenarios in Sanandaj; (a)     =5.4 at     =56 km for Sa (0.01 s) and MRP of  50-year, (b)     =6.3
at     =98 km for Sa (0.01 s) and MRP of  475-year, (c)     =5.8 at     =48 km for Sa (2 s) and MRP of  50-year, (d)     =6.8 at     =92 km for Sa
(2 s) and MRP of  475-year.
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stronger and distant events increases with spectral pe-
riod. As an example, in the case of  Sa (0.5 sec),   in-
creases from 1.6 to 2.1 when the MRP changes from 50
to 475 years. Similarly, for the same spectral period, ε∗

changes from 1.5 to 1.9. 
In a same way, mean and modal values resulting

from the disaggregation of  the values of  5% damped
spectral accelerations are calculated for Sanandaj
(Table 2).Mean estimates of  distance and magnitude
are chosen, they are independent of  bin sizes and lo-
cations and other binning details.

Scenario earthquakes in Kermanshah ranging
from a magnitude     =4.8 at     =22 km for Sa (0.01 s),
to a magnitude     =5.7 at     =42 km for Sa (2.0 s) has
been determined to represent the relatively likely
ground motion having a 63% chance of  being exceeded
in 50 years. For less probable, extreme ground motions
with a 10% chance of  being exceeded in 50 years, the
selection might be a magnitude =4.9 at     =21 km for
Sa (0.01 s) or a magnitude      =6.1 at     =45 km for Sa
(2.0 s) (Figure 7). The vertical axis is probability density
function vary between zero and one.

In a same way, seismic hazard has been disag-
gregated to determine scenario earthquakes for the
two design levels for Sanandaj. Scenario earthquakes
ranging from a magnitude     =5.4 at    =56 km for Sa
(0.01 s), to a magnitude =6.3 at    =98 km for Sa (2.0
s) has been determined to represent the relatively
likely ground motion having a 63% chance of  being
exceeded in 50 years in periods 0.01 and 2.0 seconds,
respectively. For less probable, extreme ground mo-
tions with a 10% chance of  being exceeded in 50
years, the selection might be a magnitude     =5.8 at

=48 km for Sa (0.01 s) or a magnitude =6.8 at     =
92 km for Sa (2.0 s) (Figure 8).

The annual rate of  exceedance for each source as
the contribution of  seismic sources are also examined for
PGA and periods of  0.2, 0.5, 1.0 and 2.0 seconds. Distri-
bution of  contribution level of  seismic sources are
shown with the most contributing seismic sources in Fig-
ure 9. Results of  disaggregating the hazard into the indi-
vidual source contributions shows the most contributing
ones are sources 6, 7 and 8 corresponding to 50yr return
period for the city of  Kermanshah and sources 4, 5, 6 and
7 for the city of  Sanandaj. The most contributing seis-
mic source corresponding to 50yr return period is the
source 7 with Mmax =7.5 in periods longer than 0.2s in
Kermanshah and in all periods in Sanandaj.

The controlling earthquakes are substituted in two
attenuation relations developed in Ambraseys et al.
[1996] and Boore and Atkinson [2008]. Figures 10 and
11 present the spectral shapes for scenario earthquakes
in Kermanshah and Sanandaj using the above attenua-
tion relations. One aspect associated with these values
used to define dominant scenarios is that, when the M-
R is incorporated into the predictive equation, the iden-
tified scenarios might generate the target ground motion
level, or will exceed the target ground motion level. It is
important to note that the present disaggregation
methodology, considers that the identified scenario, de-
fined by the M-R, will exceed the target ground motion
level. Harmsen and Frankel [2001] as well as, Bazzurro
and Cornell [1999] have shown that for some regions in
the western United States, the range of  exceedance of
the target ground motion level was small, with values
ranging within 15-20% of  the median value.
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Period (s) M∗ R∗ M∗ R∗

0.01 5.0 4.8 25 22 1.3 1.4 5.4 5.4 45 56 2.1 1.7

0.2 5.0 4.9 25 23 1.5 1.6 5.4 5.4 45 59 2.1 1.9

0.5 5.4 5.2 25 27 1.5 1.6 5.4 5.8 45 76 2.1 1.6

1 5.4 5.4 25 34 1.5 1.5 5.4 6.2 55 87 0.5 1.2

2 5.4 5.7 25 42 1.7 1.5 6.6 6.3 55 98 0.3 1.2

0.01 5.0 4.9 25 21 1.7 2.0 5.4 5.8 45 48 1.1 1.7

0.2 5.4 5.0 25 22 1.9 2.1 5.4 5.8 45 52 2.7 2.0

0.5 5.4 5.3 25 26 1.9 2.1 7.0 6.4 55 71 1.3 1.7

1 5.4 5.8 25 35 1.9 2.0 7.4 6.8 55 82 1.1 1.4

2 5.4 6.1 25 45 4.1 4.0 7.4 6.8 55 92 1.1 1.5

Kermanshah Sanandaj
M

R
P

 =
 4

75
yr

M
R

P
 =

 5
0y

r

Table 2. Modal and mean values of  magnitude, distance and epsilon for spectral periods in Kermanshah and Sanandaj, Sa (0.01s) repre-
sents the PGA.
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5. Results
PGA and spectral acceleration values associated

with MRPs of  50 and 475-yr in two cities of  Kerman-
shah and Sanandaj are evaluated. In Kermanshah for an
MRP of  50 yr, controlling earthquakes have magnitude
range between 6 and 6.4. Events with magnitude rang-
ing from 6.4 to 6.8 have the most contribution to the
hazard for an MRP of  475 yr and long periods, while the
smaller magnitude ranging from 6 to 6.4 are dominant
for shorter periods and PGA. Regarding disaggregation
results, it could be concluded that events with most con-
tribution to corresponding hazard levels are affected by
the potential seismic sources number 6 and 7.

The results indicate that, the PGA hazard for Ker-
manshah is controlled by the earthquake scenario of

=4.9 at     =21 km which is the most critical to the
seismic performance of  the more vulnerable low rise
buildings including soft-storey buildings. The alterna-
tive scenario of      =6.1 at     =45 km which is relative
to a longer period (2.0 s) can be used for the assess-
ment of  taller buildings. The PGA hazard for Sanandaj
is controlled by the earthquake scenario of       =5.8 at

=48 km, which is the most critical to the seismic per-
formance of  the more vulnerable low rise buildings in-
cluding soft-storey buildings. The alternative scenario
of       =6.8 at     =92 km which is relative to a longer
period (2.0 s) can be used for the assessment of  taller
buildings. 

Relatively high values at Kermanshah in values of
ε∗ and in Table 2 for MRP =475Y and Period =2s is

a consequence of  many distant and local sources af-
fecting the hazard additively.

Generally, the trend of  the disaggregation results
with spectral period (T) show that the mean rate of  ex-
ceeding long-period spectral accelerations is controlled
by earthquakes that are larger in size and farther from
the site than those dominating the PGA and short-pe-
riod spectral acceleration hazard. It is also observed
that the larger the MRP, the greater the contribution
from closer and higher magnitude events. Also, both
the mean and modal values of  ε  tend to increase with
increasing MRP. 
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