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Sarpol-e Zahab, in the west of Iran, is subjected to a high earthquake risk. Located
in the north part of the Zagros seismic belt and is surrounded by several active
faults that show some M7+ earthquake records. Nowcasting refers to the process of
determining the uncertain state of the seismicity at the present time by indirect
means for the seismically active regions, where the goal is to estimate the current
state of risk, the current state of the fault system, and its current level of progress
through the earthquake cycle. The local catalog of earthquakes is used, using "small"
earthquakes to determine the level of hazard from "large" earthquakes in the re-
gion. To evaluate the statistical distribution of the inter-event counts of small events
that occur between large events, the natural time concept was used rather than
clock time (Origin Time of Earthquake). This method does not involve any model
other than the idea of an earthquake cycle. Rather, a specific radius and a specific
large earthquake magnitude of interest are defined, ensuring that we have enough
data to span at least ~10 or larger earthquake cycles in the region. We then compute
the earthquake potential score (EPS) which is defined as the cumulative probabil-
ity distribution P (n<n(t)) for the current count n(t) for the small earthquakes in the
region. The EPS was calculated as the total number of small earthquakes after
the last large occurrence in the studied area. EPS is therefore the current level of
hazard and assigns a number between 0% and 100% to every region so defined, thus
providing a unique measure. Physically, the EPS corresponds to an estimate of
the level of progress through the earthquake cycle in the defined region at the
current time. We have determined the EPS values to consider events of Mw≥ 4.4
within two different radii (250 and 350 km) around Sarpol-e Zahab. The EPS
values for Sarpol-e Zahab at 250 km corresponding to Mw?5.5 and six events
were found to be almost 0.86 and 0.97, respectively, while at 350 km these values
are equal to 0.73 and 0.50 for Mw≥ 5.5 and six events, respectively..
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ABSTRACT

1. Introduction

Studying the seismic hazard and evaluating
and predicting the seismically active areas require
knowledge of earthquake cycles and current state
of fault system. The Alpide-Himalayan belt in Iran
is defined by a broad band of diffused seismicity
and contains several mobile belts surrounding
small and relatively stable blocks. The Iranian
Plateau, characterized by active faulting, active
folding, recent volcanic activities, mountainous
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terrain, and variable crustal thickness, has been
frequently struck by earthquakes resulting in the
massive loss of life. The active tectonics of Iran
is dominated by the northward motion of Arabia
with respect to Eurasia. Berberian (1976) has
divided Iran into four major seismotectonic zones,
viz., Zagros active folded belt, central Iran,
Alborz and Koppeh-Dagh in northeast Iran.
Shortening and earthquake deformation within
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Iran is mainly accommodated by distributed
faulting in the Zagros, Alborz, Kopeh-Dagh and
west of the Lut block in Kerman Province.
Convergence between Eurasia and Arabia varies
along the Zagros belt (Gentili et al., 2019; Walker
et al., 2003). The persistent tectonic activity causes
high seismicity throughout the region including a
number of devastating earthquakes, such as the
1978 Tabas earthquake (Mw 7.3), 1987 Qaenat
earthquake (Mw 7.2), 1990 Rudbar earthquake
(Mw 7.4), 2003 Bam earthquake (Mw 6.6), 2012
Ahar-Varzaghan earthquakes (Mw 6.5 and 6.3),
2013 Saravan-Khash intraslab normal-faulting
earthquake (Mw 7.7) in the Makran subduction
zone, and the most recent 2017 Sarpol-e Zahab
earthquake (Mw 7.3) in the Iran-Iraq border
(Figure 1).

On 12 November 2017, at 21:48 local time
(18:18 GMT), a destructive earthquake (Mw 7.3)
occurred 5 km north of Ezgeleh and 43 km north
of Sarpol-e Zahab (in Kermanshah, Iran), near the
border of Iran-Iraq, causing hundreds of deaths,
thousands of injuries, and building damage and
collapse, mostly in Kermanshah. The epicenter was

located in the Northwestern part of the Zagros
mountain range, an active belt that originated
from the Arabia-Eurasia collision and shook
western regions of Iran. Before the occurrence
of this earthquake in the Sarpol-e Zahab region, it
was commonly thought that such a major event
was unlikely where it occurred.

The region belongs to the Zagros mountain
range, one of the youngest and most seismically
active belts on Earth, originated by the Arabia-
Eurasia collision in Late Paleogene, and extending
from South-East Turkey to the south of Iran. The
accommodation of the convergence between
Arabia and Eurasia differs along the Zagros belt
(Walpersdorf, et al., 2006). Tectonically, the prin-
cipal differences in parts of Zagros are due to the
orientations of major dextral faults and in their
relationships with young thrusts and folds (Walker
et al., 2003; Bachmanov et al., 2004).

Seismicity in Zagros is characterized mostly
by moderate-size earthquakes (Mw ≤ 6), with few
sporadic events having a magnitude Mw ≥ 7.
Most of the earthquakes occur in the lower
folded-sedimentary cover; in the southern part, in

Figure 1. Seismicity of Sarpol-e Zahab and nearby regions with earthquakes M ≥  4 that occurred between 1 December 1955
and 9 January 2020.
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particular, the weak Hormuz salt at the base of
the cover confines most faulting and limits the
earthquake magnitudes up to 6.0 (Nissen et al.,
2019). The northern part of Zagros, including the
zone affected by the 2017 Sarpol-e Zahab earth-
quake with a magnitude of Mw 7.3, has experienced
a smaller number of earthquakes than the southern
part of it. In the northern part of Zagros, the crustal
deformation occurs mostly seismically, while
aseismic strain dominates crustal deformation in
Southern Zagros (Ramezani et al., 2018; Palano
et al., 2017; Mahood & Hamzehloo, 2008, 2011).

Earthquake nowcasting is a modern method of
estimating seismic risk by evaluating the progress of
the earthquake cycle in fault systems. Earthquake
nowcasting evaluation is based on a new concept
of time, termed 'natural time'. The nowcasting
concept has studied (a new method of statistically
classifying seismicity and seismic hazard), which
examines the current uncertain situation of earth-
quake risk assessment in Sarpol-e Zahab and the
surrounding areas, and then, time series analysis of
interevent counts. Many of these earthquakes will
be aftershocks of the last largest event. The rate
of occurrence of small earthquakes has counted
to nowcast the probability of occurrence of more
significant earthquakes. The occurrence of various
seismic events in the area allows studying the
seismic cycle and earthquake potential score (EPS)
within a 250-300 km radius of this region The
nowcasting approach is used for major events of
Mw ≥ 6, often causing damage to infrastructure
systems and adverse economic effects. Once the
current state of the fault system in the defined
area is better understood, it should be possible to
better characterize the future state of the region
and the calculation of forecast probabilities.

Kanamori (2003) illustrated that earthquake
forecasting is the probabilistic assessment of
general earthquake seismic hazards, including the
frequency and magnitude of damaging earthquakes
in a given area over years or decades. While
forecasting is usually considered a type of predic-
tion, earthquake forecasting is often differentiated
from earthquake prediction, whose goal is to specify
the time, location, and magnitude of future earth-
quakes with sufficient precision so that a warning
can be issued.

2. Nowcasting Method

The nowcasting method is a concept borrowed
from economics and finance (Rundle et al., 2016).
It refers to the process of determining the uncertain
state of the economy or markets at the current time
by indirect means. Rundle et al. (2016) have
applied this idea to seismically active regions,
where the goal is to determine the current state of
the fault system and its current level of progress
through the earthquake cycle by counting the
number of small earthquakes that occurred over
time between two large earthquakes in a given
region. As in financial nowcasting where the aim
is to characterize the current dynamical state of
the economy or in meteorological nowcasting
where the goal is to describe the current uncertain
state of weather conditions, the earthquake
nowcasting in a seismogenic area seeks to define
the current state of hazard, rather than to produce a
forecast that looks ahead in time (Rundle et al.,
2019, 2020). Recent studies have shown that
nowcasting is a new technique for calculating
the seismic risk level based on natural time
(Rundle et al., 2019, 2020; Luginbuhl et al., 2018).
This is emphasized that the earthquake cycle
refers to repeated events in the seismic zone
(Sornette & Knopoff, 1997). Nowcasting uses the
catalog of seismicity in the region. Two earthquake
magnitudes are selected, one large say Mλ, and
one small say Mσ. The method utilizes the number
of small earthquakes that occur between pairs of
large earthquakes. A major advantage of now-
casting is that it relies on 'natural time', earthquake
counts, between events rather than clock time,
and the major advantage of using the natural
time measure is that it eliminates the need for
declustering a catalog to remove aftershocks from
the background seismicity and results do not depend
on the clock time dependence of the seismicity
(Rundle et al., 2019, Panakkat, 2009). Small events
can therefore be used as a kind of "clock" that
marks the "natural time" between the large events.
The count of small earthquakes since the last large
earthquake is the natural time that has elapsed
since the last large earthquake (Rundle et al., 2019;
Panakkat & Adeli, 2009; Fox et al., 2022). Luginbuhl
et al. (2018) by the recent 2004 Mw 9.0 Sumatra
earthquake, the 2010 Mw 8.8 Maule, Chile earthquake,
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and the 2011 Mw 9.1 Tohoku, Japan earthquake
which make up half of the six largest earthquakes
on record, analyzed the temporal clustering of
large global earthquakes concerning natural time,
or inter-event count, as opposed to regular clock
time.

The Gutenberg-Richter magnitude-frequency
relation can be used to show that the number of
small earthquakes having magnitudes larger than
Mσ but less than magnitude Mλ is an average
known value N. N can be calculated by using the
Gutenberg-Richter law for the average number N
of earthquakes greater than M:

= −Log N a bM                                               (1)

where the b value is typically a number near 1, and
the value of a is set by the level of seismicity in
the region (Faghih et al., 2015). The b value is also
set by the level of seismicity and might be lower
or higher than 1, but based on Faghih et al. (2015)
b value is considered 1.

The average number N of small earthquakes
between large earthquakes will be called the mean
inter-event count. Mathematically, we can express
the progress through the regional earthquake cycle,
or earthquake potential for a large earthquake to
occur having a magnitude larger than Mλ, by
computing the cumulative distribution function
(CDF) of small earthquakes of magnitude larger
than Mσ but less than .:λ σ λ≤ ≤M M M M

To compute the CDF, we tabulate the number of
small earthquakes for each large earthquake cycle
from an appropriate database from global seismic
catalogs including the United States Geological
Survey (USGS) Catalog (U.S. Geological Survey
2017). We then use this to define the probability
density function (PDF) and the CDF by standard
methods (e.g., Bevington & Robinson, 2003). Once
we have the CDF, we can then use the current count
of small earthquakes n(t) at time t to compute the
current value of the CDF, P{n ≤  n(t)}. Note that t
is the (calendar) time since the last large earthquake,
and n(t) is the number of small earthquakes since
the last large earthquake. This value is defined to
be the earthquake potential score (EPS) at time t:

 { ( )}≡ ≤EPS P n n t                                               (2)

The EPS is interpreted as the potential for

the occurrence of the next large earthquake having
a magnitude larger than Mλ within the defined
geographic region. By construction, EPS will
increase monotonically with time since the last
large earthquake. It will reset to =EPS

{ ( 0)} 0≤ = =P n n t  immediately after the next
large earthquake, and then again begin to increase
monotonically until the next large earthquake
occurs. It is noted that the nowcasting method
does not, a priori, involve a model; it is only a
process of tabulating and interpreting data. How-
ever, to the extent that the results have meaning, it
is a transparent way of estimating the progress of
a region through the seismic cycle of large earth-
quakes. Since our analysis is independent of the
rate of seismic, we can apply it either to the large
geographic area used to obtain statistics or to any
smaller region within the larger region. Rundle et
al. (2016) emphasized that the nowcasting method
yields no information about the future. For
example, an EPS value of 50 in a location with
few small earthquakes may reside in that state for
many years. On the other hand, an EPS value of
50 in a very active location would see a rapid
increase in EPS over a very short time.

3. Result and Discussion

It is noted that the presence of small earthquakes
requires an estimation of the magnitude of com-
pleteness (Mc), which is the minimum magnitude
of events that the network is likely to report
without omission. The Mc parameter is not only
defined by the network capability, but also is a
crucial parameter for estimating the seismic rate
and the b-value of the G-R distribution, at least
for the most commonly used methods.

To assess Mc, the calculation of the a- and
b-values of the G-R law as a function of the
lowest magnitude was conducted using the max-
imum likelihood estimation to compute these
parameters and their confidence limits. Using the
maximum curvature method, the Mc and b-values
are equal to 4.4 and 1.03 ± 0.06, respectively for
the study region (Figure 2).

To evaluate the current state of earthquake
hazards for the Sarpol-e Zahab area using the
nowcasting method and natural time as the count
of small earthquakes (4.4 ≤ Mw≤ 6) since the last
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large earthquake (Mw≥ 6), we initially consider
Mw ≥ 4.4 magnitude earthquakes within the range
of radius 250 and 350 km around Sarpol-e Zahab.
Since December 1, 1955, 643 earthquakes within a
radius of 250 km and 1081 earthquakes within a
radius of 350 km with Mw ≥ 4.4 have occurred
around Sarpol-e Zahab. It is noted that, among
them, there were 7 and 11 earthquakes with Mw≥ 6
for the circle of radius 250 and 350 km, the most
recent significant event of which occurred on 11
Nov 2017 with Mw 7.3.

Here, results are focused on defining the
theoretical distribution of the interevent natural
time. Time-dependent and time-independent fits
have been considered in the data in the statistical
seismology. The Time-independent exponential
distribution is assumed to be an essential model,
while time-dependent probability models, namely
Weibull, gamma, and lognormal have been widely
used in inter-event time modeling (Rundle et al.,
2017; Nishenko & Bullard, 1987; Utsu, 1984;
Yadav et al., 2010). Hence, six candidate probability
distributions, namely normal, lognormal, gamma,
exponential, Weibull, and inverse Gaussian are
considered to characterize the observed natural time
and are used to provide important modeling
advantages of statistical seismology.

Based on the non-parametric Kolmogorov-
Smirnov (K-S) test, Akaike information criterion

Figure 2. G-R plot of the cumulative number of events
versus magnitude for Sarpol-e Zahab and adjacent regions.
[Cumulative (squares) and non-cumulative (triangles) numbers
are represented by squares, the red curve is the fitting curve].

(AIC), and Bayesian information criterion (BIC),
Johnson et al. (1995), introduced model selection.
To evaluate the current number of small earthquake
counts, the cumulative distribution is the best-fit
model in order to provide a numerical earthquake
potential score for the studied area (Figures 3 and 4).
The estimated value of the maximum likelihood
model parameters are included in the Tables (1)
and (2). The calculated K-S and AIC and BIC
values related to the cumulative distribution
function versus small interevent earthquakes for
each conditions are shown in Figures (3) and (4).

Figure 4. K-S statistical plots for interevent counts of
small earthquakes between large earthquakes. CDF versus
interevent earthquakes (Mσ = 4.4, Mλ = 5.5, R = 350 km).

Figure 3. K-S statistical plots for interevent counts of
small earthquakes between large earthquakes. CDF versus
interevent earthquakes (Mσ = 4.4, Mλ = 5.5, R = 250 km).
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The studied distributions are ranked by the
measurement of the AIC and K-S test statistical
values, and the obtained data showed that the K-S
test is the best-fit model, whereas according to
the compromise between model complexity and
model fit, AIC and BIC are the most suitable
models (Johnson et al., 1995). The K-S test is
recommended for comparing and validating the
considered distributions based on two advantages,
the non-parametric nature and the ability to
evaluate the overall fitting analysis of the K-S plot.

The approximate K-S statistic values corres-
ponding to the gamma and Weibull distributions
appear to be the least among all K-S values.
Thus, the K-S test indicates that the Weibull
and gamma models are the most fitting to reflect
the current earthquake catalog of Sarpol-e Zahab
and its surrounding areas. Also, the AIC and BIC
models for the normal distribution are the lowest
of all competitive distributions (Table 3). Thus,
although normal distribution is the most economical
model, the gamma distribution is best suited to
the natural time data observed (Figures 3 and 4
and Tables 1 and 2).

Figure (5) shows the results of the EPS value
calculations for Mλ ≥ 5.5 and 6.0 within a 350 km

Table 1. Maximum likelihood model parameters (Mσ = 4.4,
Mλ = 5.5, R = 250 km).

Table 2. Maximum likelihood model parameters (Mσ = 4.4,
Mλ = 5.5, R = 350 km).

Table 3. Nowcast values for earthquakes in Sarpol-e Zahab region (on 9 Jan 2020).

radius of the Sarpol-e Zahab area. The CDFs
P  [n ≤ n(t)] of the histogram values are shown by the
blue curves. Bold circles represent the number of
small earthquakes since the last large earthquake.
The blue data-derived curve is the best-fitting
Weibull distribution. The obtained EPS score for
Mw ≥ 5.5 recovered to an average value of 73%,
showing that this area is in a comparatively mature
seismic state, while the current EPS for Mw≥ 6.0
is estimated at 50%, suggesting that the studied
region is halfway through its great earthquake
cycle (Table 3 and Figure 5).

We used the natural time concept and the
nowcasting approach to evaluate large earth-
quakes that occurred during the time period and in
the study area to provide a seismic map of the
considered geographical region. Figure (6) depicts
the estimated current EPS values as a risk map
(Wessel & Smith, 1995, Mirhoseini et al., 2021).
The hazard level is lower in regions of lower
altitudes and higher in areas of elevated altitudes.
The elevated altitudes describe active and unstable
regions with high risk (Faghih, 2015).

The increasing blue curve is the CDF=
P  [n ≤ n(t)] calculated from the large earthquake
intervals. 64 earthquakes have occurred in the
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Figure 5. Nowcast for the Mw ≥ 5.5 and 6.0 earthquakes in the Sarpol-e Zahab region (R = 350 km). Blue curves are the
best CDF. The Bold dots represent the current number of small earthquakes after the last large earthquake of Mw 5.5 and 6.0 on
6 January 2019 and 25 November 2018, respectively.

Figure 6. Current state of earthquake hazard for Kermanshah region.

area with Mw ≥ 4.4, since the last Mw ≥ 6.0 on
25 November 2018, while for the last Mw≥ 5.5 on
6 January 2019, we had only 45 earthquakes. After
the last large earthquake, the natural time count of
Mw≥ 6.0 events using the cumulative number of
small earthquakes N and the estimated current
potential magnitude MP of the forthcoming great
earthquake at the present time is given by:

1 log = +  
 

 P C SM M N
b                                     (3)

where Mc reflects the catalogue completeness

magnitude, Ns is the current count of small
earthquakes increasing in time, and b denotes the
G-R b-value. By applying Equation 3 with Mc = 4.4,
b = 1.19, and Ns = 64 in the Sarpol-e Zahab region,
an approximation of the possible magnitude of the
latest potential great earthquake as MP = 5.9 can be
found (Figure 7). This is consistent with the
potential for the next earthquake in Figure (2)
(G-R magnitude frequency data of the Sarpol-e
Zahab), which suggests that an earthquake with
a magnitude of nearly 5.9 will occur in the near
future.
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Figure (7) shows the Seismicity of the study
region from January 2020 to February 2024, Mw > 5.
This figure shows 12 earthquakes with Mw > 5 have
occurred within a 350 km radius of Sarpol-e Zahab.

The BASS (branching aftershock sequence)
model proposed by Holliday et al. (2008) is a
preferred alternative to the widely studied
epidemic-type aftershock sequence model. In the
BASS model an initial, or seed, earthquake is
specified. The subsequent earthquakes are obtained
from the statistical distributions of magnitude,
time, and location. The magnitude scaling is based
on a combination of the Gutenberg-Richter
scaling relation and the modified Bath's law for
the scaling relation of aftershocks relative to the
magnitude of the seed earthquake. Omori's law
specifies the distribution of earthquake times, and
a modified form of Omori's law specifies the
distribution of earthquake locations. Since the BASS
model is specified by the four scaling relations, it
is fully self-similar.

In the BASS model, the distribution of after-
shocks is checked after a mainshock, but in the
nowcasting, the seismicity of a region with all the
big and small earthquakes that have occurred is
used to process of determining the uncertain
state of the seismicity at present where the goal is

Figure 7. Seismicity of study region from January 2020 to
February 2024, Mw > 5.

to estimate the current state of risk, the current
state of the fault system, and its current level of
progress through the earthquake cycle.

According to the cycles of earthquakes in each
region, measures can be taken for earthquake
preparedness and mitigation, to reduce the risk
before an earthquake occurs. More studies in
smaller areas, micro zonation of earthquake risk
can be estimated, and effective measures can be
taken. Strengthening structures, and checking the
condition of infrastructure systems, vital and relief
arteries is one of the first measures.

4. Conclusions

The goal of nowcasting is to determine the
current state of the fault system, or put another
way, the current state of progress through the
earthquake cycle. This is in contrast to forecasting,
which is the calculation of probabilities of future
large earthquakes. We applied the nowcasting
idea to the practical development of methods to
estimate the current risk state for the Sarpol-e
Zahab in Kermanshah region.

In the nowcasting method, we construct the
cumulative probability distribution function (CDF)
for the number of small earthquakes between
large earthquakes during a sequence of earthquake
cycles. These cycles occur in a large region
around the area of interest, typically a local
region around a specific geographic location. An
advantage of this method is that it offers a system-
atic means of ranking locations as to their current
exposure to earthquake hazards. We calculate an
Earthquake Potential Score (EPS) that is found by
determining the number of small earthquakes since
the last large earthquake, by using the CDF found
from the regional earthquake cycles.

For dates between 1st December 1955 and 9
January 2020, we used the nowcasting approach
to estimate earthquake hazard in Kermanshah
province, namely Sarpol-e Zahab and the surround-
ing area. The nowcasting applicability requires
that the studied seismicity satisfies the G-R fre-
quency magnitude with a reasonable approximation.
The least-squares fit of the truncated G-R gives
Mmax ≈ 7.0.

In the nowcasting approach, we calculate the
CDF for the number of small earthquakes between
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large earthquakes during a sequence of earth-
quake cycles. The Weibull distribution has the best
goodness-fit tests within a radius of 250 and 350 km
around the studied region. Choosing the search
radius depends on data distributed in the study
region. With different radii similar to 200 km, we
didn't find any reliable relation in the earthquake
cycle. The EPS was calculated as the cumulative
number of small earthquakes since the last large
event. A statistical measurement of observed
seismicity is crucial for understanding earth-
quake dynamics and future risk. The EPS values
for M≥ 6.0 occurrences, within radius circles of
350 km neighboring Sarpol-e Zahab city are 50%,
suggesting that the studied region is halfway through
its great earthquake cycle. Active regions with EPS
estimated at more than 90% for Mw≥ 6.0 are near
the end of their current earthquake cycle for events
Mw≥ 6.0.

This method offers a rapid and easily repro-
ducible model to estimate the current level of
progress through the earthquake cycle for any local
region subject to seismic hazard worldwide.
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