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Version history

Table 1 summarises version history for the MIE input model, named according to the ver-
sioning system described here, and indicating which version was used in each of the global
maps produced since 2018. Refer to the GEM Products Page for information on which
model versions are available for various use cases. The changelog describes the changes
between consecutive versions and are additive for all versions with the same model year.

Table 1 – Version history for the MIE input model.

Version 2018.1 2019.1 2022.1 2023.1 2026.1 Changelog

v2016.0.0 X X X First version of the model devel-
oped in EMME.

v2016.1.0 X Mmin extended to M4 for crustal
distributed seismicity. gmmLT.xml
updated with more recent GMPEs.
Source ids were revised to work
with disaggregation by source.

v2016.1.1 Source ids changed to be compati-
ble with the latest colon convention
rules required for disaggregation by
source. No change to the hazard.

v2026.0.0 X The latest model for the Middle
East built in a project coordinated
by ETH Zurich. The model in-
cludes two seismic source charac-
terisations - one by ETH Zurich and
one by GEM. The distributed model
uses a collapsed version of both
branches.

The following text describes v2026.0.0.
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Authors: L. Danciu, R. Styron, R. Basili, K. Bayliss, A. Rovida, D. DiGiacomo, S. Ceylan, B.
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1 Summary

The Middle East (MIE) is covered by the hazard model developed within the 2024 Earth-
quake Model of the Middle East (EMME24) Project led by ETH Zurich with the collaboration
of GEM and various scientists. The model covers the following countries: Afghanistan,
Armenia, Azerbaijan, Georgia, Iran, Jordan, Lebanon, Pakistan and Syria. The model was
originally developed for the OpenQuake (OQ) engine.

This model is composed of two sets of independently-developed source branches for the
active shallow crust, using different catalogues and fault information to derive the mod-
els. These two branch sets also use different zonations, declustering, and approaches to
calculating completeness. In contrast, for deep and subduction sources only one set of
sources is considered, and the tectonic regions of the sources are consistent such that a
single ground motion logic tree is applied.

2 Tectonic overview

The Middle East region is highly seismically active, having > 100 Mw > 7 earthquakes in
~1500 years. Most seismicity is due to complex convergence among the African, Arabian,
Indian, and Eurasian tectonic plates. The region includes three subduction zones and a
number of significant plate– or block–bounding faults. At the Hellenic and Cyprian sub-
duction zones, the African plate subducts northward beneath the Anatolian block (conver-
gence rate ~40 mm/yr), and the Makran subduction zone (~35 mm/yr) is the eastward
extent of the Arabian-Eurasian plate contact. The continental Anatolian block is bounded
to the north by the ~1500-km-long North Anatolian Fault (right-lateral motion and slip rate
of ~24mm/yr), and to the southeast by the East Anatolian fault (left-lateral motion and slip
rate of ~9 mm/yr). Internally, the block exhibits “escape tectonics” in the form of normal
faulting. The African and Arabian plates are separated by the Dead Sea Fault (left-lateral
motion and slip rate of 2-8 mm/yr). Convergence between the Arabian and Eurasian plates
(~20 mm/yr) is mostly accommodated by the Bitlis-Zagros fold and thrust belt. A num-
ber of other compressional and strike-slip structures are active within the continental crust
of these plates. The eastern extent of the region is also subject to hazard from the Indo-
Eurasian collision.

3 Basic Datasets

The two groups of source branches were constructed with two different datasets.
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The seismic source zones for the ETH branches were delineated and parameterised using
a unified catalogue constructed from local datasets, and information about active faults.
The catalogue was compiled from various local catalogues with help from the ISC, and
includes an improved catalogue of historic events.

The seismic source zones for the GEM branches are constructed using the GEM global
catalogue (Appendix A.1), with fault ruptures generated using Fermi.

Subduction sources were constructed from fault modelling by R. Basili, and deep sources
were defined by the GEM global catalogue.

The ground motion logic tree was developed using strong-motion data by B. Güryuva, O.
Kale, and A.Sandıkkaya.

4 Hazard Model

4.1 Seismic Source Characterisation

The source model incorporates information regarding tectonics, seismicity and faulting
characteristics of the region.

The seismic source model consists of two independent shallow crustal source models: A
‘GEM’ branch set with 3 branches, and an ‘ETH’ branch set with 9 branches.

• Branches 1-3: GEM branch set consists of 3 branches of 17 distributed seismicity
sources, modelled with point sources and a single set of fault sources modelled with
Fermi. The catalogue is split into on and off-fault seismicity with the ’off-fault’ events
defined as > 30 km from fault locations for M>6 and all seismicity for M<6. Each
branch employs a different approach to declustering (Gardner and Knopoff, Gruen-
thal, and Uhrhammer, see Appendix A.5), and uses a fixed-kernel smoothing approach
(similar to Frankel (1995)) to distribute rates spatially.

The ’on-fault’ seismicity is instead used to calibrate an inversion for multi-fault rup-
tures with Fermi.

These sources are then a combination of both distributed and fault components, with
different branches for declustering weighted at 0.15, 0.15 and 0.2 respectively.

• Branches 4-13: Development led by ETH. Crustal seismicity is modelled using sim-
ple faults with occurrence rates derived from fault slip rates, and point sources that
model observed seismicity smoothed over a grid. Earthquakes with Mw > 5.5 are
modelled on the faults, and the Mmax of point sources in the proximity of faults are
capped at this magnitude. The ETH branches reflect different estimates of slip rate
andmaximummagnitude, with low, medium and high branches for both parameters.
Different approaches to smoothing are also included, based on an adaptive smooth-
ing approach.
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Subduction interface seismicity is modelled using complex faults with occurrence rates
derived from estimates of plate convergence and coupling, with 6 branches exploring epis-
temic uncertainties in these quantities.

Subduction intraslab and deep seismicity are modelled by area sources and point sources
respectively.

The occurrence rates of all sources aremodelled using a truncated exponential magnitude-
frequency distribution, where Mmin = 4.0 and Mmax varies depending on the source typol-
ogy.

4.2 Ground Motion Characterisation

Table 1 shows the groundmotion logic tree, consisting of a set of groundmotion prediction
equations (GMPEs) for each tectonic region: Active Shallow Crust, Subduction Interface,
Subduction Inslab, and Deep Seismicity.

The ground motion logic tree for MIE 2026 considers a smaller number of core backbone
ground motion models (GMM) to which a set of adjustments are applied. The epistemic
uncertainties in ground motion are considered within these adjustments. For brevity, the
weights of the modifications are not shown here; in reality the ground motion model is
much more complicated than it appears.

Epistemic Uncertainties For every tectonic region, epistemic uncertainty is considered
within the backbone approach for the GMPEs, each with an associated logic tree weight.

Active Shallow Crust Weight
EMME24BB_GMM1SGM1 backbone 1.00
Subduction Interface Weight
BCHydroESHM20SInter backbone 1.0
Subduction Inslab Weight
BCHydroESHM20SSlab backbone 1.0
Deep Seismicity Weight
BCHydroESHM20SSlab bacbone 1.0

Table 2 –GMMweights by tectonic region. Note that backbone GMMs includemultiple branches
with scaling terms, not listed here for brevity.

5 Results

Hazard curves were computed with the OQ engine for the following:

• Intensity measure types (IMTs): peak ground acceleration (PGA) and spectral accel-
eration (SA) at 0.1s, 0.2s, 0.3s, 0.6s, 1.0s, and 2s
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• reference site conditions with shear wave velocity in the upper 30 meters (Vs30) of
760-800 m/s, as well as for Vs30 derived from a topography proxy (Allen and Wald,
2009)

Hazard maps were generated for each reference site condition-IMT pair for 10% and 2%
probabilities of exceedance (POEs) in 50 yrs. Additionally, disaggregation by magnitude,
distance, and epsilon was computed for the following cities: Jerusalem, Baghdad, Damas-
cus, Beirut, Amman, Yerevan, Baku, Islamabad, Ankara, Tehran, Tbilisi, Kuwait, Kabul and
Nicosia. The results were produced as csv files and bar plots for each of the following
combinations:

• hazard levels for 10% and 2% POE in 50 yrs

• PGA and SA at 0.1s, 0.2s, 0.3s, 0.6s, 1.0s and 2.0s

• Vs30=800 m/s

All calculations used a ground motion sigma truncation of 5. Onshore results were com-
puted for sites with 6 km spacing.

Visit the GEM Interactive Viewer to explore the Global Seismic Hazard Map values (PGA for
Vs30=800 m/s, 10% poe in 50 years). For a comprehensive set of hazard and risk results,
see the GEM Products Page.
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A Catalogues

Much of PSHA depends on the assumption that future seismicity will occur near ob-
served past seismicity, and at rates that can be approximated by empirical or physical
models. Thus, the early steps in PSHA include compiling and processing an earthquake
catalogue. Beyond collecting instrumental and historic earthquake records, catalogues
must be homogenized (expressed in uniform units), declustered (devoid of aftershocks
and foreshocks), and filtered for completeness. The assumptions and uncertainties in the
catalogue should be well understood by the modeler.

Most source types used in hazard models built by the GEM Secretariat use magnitude-
frequency distributions (MFDs, Section ??) based on seismicity. Together with ground
motion prediction equations (GMPEs), MFDs govern the computed hazard levels for time
frames of interest, and so their robust calculation - and thus careful preparation of the input
catalogue - is critical.

Here, we describe the GEM global catalogue which contributes themajority of earthquakes
used in hazardmodels built internally by GEM; theworkflow for combining other earthquake
records with the global catalogue; and the remaining steps to prepare the catalogue for rate
and spatial analysis. We emphasize that while most of these steps are routinely applied
outside of GEMmodels, the following explanations only account for our own best practices.

A.1 The GEM global catalogue

The GEM global catalogue us a homogensised catalogue combining three global cata-
logues: the ISCGEM catalogue (International Seismological Centre, 2025; Storchak et al.,
2013, 2015; Di Giacomo et al., 2018), the Global CMT catalogue (Dziewonski et al., 1981; Ek-
ström et al., 2012) and the comcat/ANSS (USGS, 2017) catalogue and includes events from
1900, homogenised to MW . This catalogue is periodically updated with new releases of the
ISCGEM catalogue and to include more recent events from GCMT and comcat.

Recent regional models developed by the GEM Secretariat use the GEM extended cata-
logue, augmented by data from local agencies when possible.

A.2 Processing of seismicity catalogues

A.3 Catalogue homogenization

In order to use the bulletins frommultiple agencies together in statistical analyses, records
must be homogenized to meet the same criteria, e.g., to use the same measure of mag-
nitude. Usually, moment magnitude (MW) is selected, since it does not saturate at high
magnitudes. Thus, magnitudes reported in other scales must be converted. When pos-
sible, this is done using empirical relations developed for independent local datasets, but
relies on global relations when too few calibration events are available.
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The homogenization methodology used to build the catalogues is described in detail in
Weatherill et al. (2016).

A.4 Completeness analysis

Catalogue completeness analysis accounts for the variability in instrumentation coverage
throughout the catalogue duration, admitting that any catalogue is missing earthquakes
beneath a magnitude threshold. This type of filtering prevents rate analysis of an incom-
plete catalogue - amodelingmistake thatwill propagate into hazard estimates. Importantly,
completeness analysis must be applied to a declustered catalogue as to not confuse de-
pendent earthquakes (such as aftershocks) with magnitude completeness.

The completeness algorithms that are applicable to any instrumental catalogue must de-
pend on properties of the earthquakes, and not the stations, thus focusing on the statis-
tics of the catalogue sample rather than the probability that a station at a known position
would record an earthquake. The most common algorithmic method is by Stepp (1971),
which compares the observed rate of seismicity to a predicted Poissonian rate for each
magnitude, and returns a spatially constant table of time-variable magnitude thresholds.
Importantly, the validity of this methodology is subject to the judgement of the user.

The Stepp (1971) is implemented in the OpenQuake Engine, and used in some steps of
the modeling procedure for hazard models built by the GEM Secretariat. In other cases,
we determine the completeness manually from 3D histograms that count earthquakes for
magnitude-time bins, visually identifying the timings at which the occurrences rates sta-
bilize. In recent models, we use a newly-developed approach that jointly estimates the
completeness and recurrence parameters, implemented in the OQ Model Builder’s toolkit
(MBTK, Pagani et. al, 2026). This approach reflects the inter-dependence of these param-
eters.

A.5 Declustering

Catalogue declustering is applied in order to isolate mainshock earthquakes - that is, earth-
quakes that occur independently of each other - from a complete catalogue. The resulting
declustered catalogue should therefore reflect the Poissonian rate at which earthquakes
occur within a greater tectonic region. PSHA aims to model the hazard from sesimicity
occurring at this background Poissonian rate.

Declustering algorithms identify mainshocks by comparing individual earthquakes to the
“cluster” of earthquakes that occurred within a given proximity and time to that earthquake,
choosing the largest for a given set of magnitude-dependent “triggering windows”. The the-
ory of declustering algorithms is described in detail in Stiphout et. al., 2012. The OpenQuake
Hazard Modeler’s Toolkit provides three different windowing options: the original imple-
mentation of Gardner and Knopoff (1974), and additionally the configurations of Uhrham-
mer (1986) and Gruenthal (see Stiphout et al., 2012).
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In subduction zones or other complex environments, we first classify the seismicity by tec-
tonic domain (described below), and then decluster groups of domains within which we
expect seismicity to interact (i.e., interface mainshocks can trigger crustal aftershocks),
and then separate the deemed mainshocks into subcatalogues based on their tectonic
classification. We typically use two groups: crustal, interface, and shallow slab seismicity
(that beneath the interface but with intraslab mechanisms); and deep intraslab seismicity.
The declustering algorithm comparing epicentral (not hypocentral) proximities, and thus,
declustering by groups is crucial for seismicity within slab-type volumes.

A.6 Classification of seismicity

Theworkflowused byGEM to construct seismic sourcemodels in complex tectonic regions
is dependent on the use of classified seismicity, that is, the assignment of each earthquake
to a tectonic domain. Separating earthquakes in this manner allows us to compute MFDs
from only the seismicity occurring within a delineated domain, thus more accurately char-
acterizing individual seismic sources or source zones. For example, in subduction zones,
we separate earthquakes occurring on the interface itself from those within the downgoing
slab or the overriding plate. This allows us to model the hazard from these source types
using the appropriate GMPEs.

At GEM, we classify seismicity using an procedure with similar theory to Zhao et al., (2015)
and Garcia et al., (2012), which assigns earthquakes to tectonic domains defined by the
modeler. In subduction zones, earthquakes are usually categorized as crustal, interface, or
intraslab based on hypocentral proximity to the Moho, and the interface and slab-top com-
plex surfaces defined by the (Subduction Toolkit). Where subduction zones aremodeled as
segmented interfaces or slabs, the domains are divided accordingly. Each tectonic domain
is defined by a surface and a buffer region based on general characteristics of the corre-
sponding cross sections. The modeler provides a tectonic hierarchy that chooses among
multiple assignments for earthquakes occurring within overlapping buffers of two or more
domains. Usually, we specify interface superseding intraslab, and intraslab superseding
crustal. Earthquakes that do not correspond to any of the defined domains are deemed
“unclassified”.

The classification routine includes workarounds to correct some common misclassifica-
tions, such as to seclude dominant groups of earthquakes beneath a polygon (e.g., volcanic
events); to classify largemagnitude earthquakes fromhistoric catalogues only by epicenter;
and the ability to manually classify earthquakes by their event IDs.
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