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ABSTRACT

The aim of this document is to develop a globally consistent characterisation of the world’s subduction
interface plate boundary faults, to be used as a basis for generating earthquake event sets for inclusion
in earthquake hazard and risk modelling. Given the obvious complexity of processes operating in
subduction zones, and the recognition that the historical period is too short to provide a good basis for
determining the frequency and maximum magnitude of earthquakes, there is a clear need to find a
pragmatic approach that uses as much of the available knowledge as is possible, in a way that is neither
too conservative nor too optimistic. In addition to outlining a viable approach to integrating subduction
interface earthquake sources into a hazard model, we develop a comprehensive database of preferred
source parameters and associated uncertainties to use for all of the world’s subduction zones (see Table
and Appendices). The development of these parameters is based on an extensive literature search, and
via consultation among the co-authors of this report.

Keywords: subduction interface; earthquake source; source parameters; maximum magnitude
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1 Introduction

As a component of the hazard models being developed by GEM (http://www.globalquakemodel.org/) our
project (http://www.globalquakemodel.org/what/global-projects/active-faults-database/) has sought to

develop a globally consistent characterisation of the world’s approximately 55,000 km of subduction
interfaces as a basis for generating earthquake event sets for inclusion in earthquake hazard and risk

modelling.

Subduction zones are where the majority of global seismic energy is released and, because of their
dimensions, are where the largest and some of the most damaging earthquakes and associated tsunami have
occurred. Recent examples include the Mw 9.2, December 26th, 2004 Sumatra earthquake and the Mw 9.0,
March 11th, 2011 Tohoku earthquake. Thus, to underpin a global earthquake risk assessment,
characterisation of subduction zones are crucial ingredients.

In December 2011 an invited group of scientists (the report authors) with extensive knowledge of subduction
zones around the world met for four days to discuss the approach we should take to compile a database and
also to begin populating the attributes of the 40 subduction zones identified (Figure 1). The process of
attribution and discussion has continued to June 2014, refining the parameters and uncertainties. Note that
the segments defined are not intended to represent rupture segments. They are largely chosen where plate
motion rate or azimuth of subduction undergoes a change, or where there is a change in the plate pairs that
are juxtaposed at the boundary. Where the segments link-up geometrically the possibility of multi-segment
rupture must be included in the hazard model.

There is a rich scientific legacy of work on subduction zones globally, and a wealth of historical data to draw
on, but the 2004 Sumatra earthquake, and more recently the Tohoku earthquake, have surprised many
researchers in terms of the size of the event (see McCaffrey, 2008 for recent review). Many investigators
have attempted to explain subduction seismogenesis by correlating the frequency and magnitude of
earthquakes with geodynamic parameters, such as subduction rate, subducting plate age, subduction
interface thermal structure, or the presence of subducting sediment (e.g., Uyeda and Kanamori, 1979; Ruff
and Kanamori, 1980; Peterson and Seno, 1984; Kanamori, 1986; Ruff, 1989; Scholz and Campos, 1995, 2012;
McCaffrey, 1997). However, recent large earthquakes, and further research, question the utility of some of
the correlations as proxies for seismogenesis (e.g., Subarya et al., 2006; Stein and Okal, 2007; McCaffrey,
2008). In the Hikurangi subduction zone of New Zealand, Wallace et al. (2009b) suggest that there is a
complex interplay between upper and lower plate structure, subducting sediment, thermal effects, regional
tectonic stress regime, and fluid pressures, and all of these factors probably control the extent, and thus the
possible maximum magnitude of subduction thrust earthquakes. In the Japan region there have been great
earthquakes in both the northeast where the incoming plate is old and the rate of subduction is fast (>80
mmy/a) and in the southwest where the plate is young and the rate is only half of that in the northeast.
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Figure 1.1 Location of the subduction zones identified in this database modified from Hayes et al. (2012) reproduced
with permission of John Wiley and Sons. This is Figure 1 in the paper, Slab1.0: A three-dimensional model of global
subduction zone geometries’ by Hayes, Wald and Johnson published in the Journal of Geophysical Research, Volume
117, B01302, Copyright 2012. Several subduction zones are divided into segments. Therefore, the subduction zone labels

are not sequential, and correspond with the listing in Table 3.1.

Given the obvious complexity of processes operating in subduction zones, and the recognition that the
historical period is too short to provide a good basis for determining the frequency and maximum magnitude
of earthquakes in any, let alone all of the Earth’s subduction zones, there is a clear need to find a pragmatic
approach that uses as much of the available knowledge as is possible, in a way that is neither too
conservative nor too optimistic. The tools and techniques that we have used include improved understanding
of the geometry of most of the global subduction zones via the SLAB1.0 model (Hayes et al., 2012), plate
motions incorporating upper plate rotations and backarc motions (e.g., Bird, 2003; Bird et al., 2009),
historical event catalogues (e.g., Heuret et al.,, 2011), increasingly robust plate models built from GPS
velocities (e.g., DeMets et al., 2010), and the widely used, but nevertheless debated methods of earthquake
hazard assessment (e.g., Stein et al., 2012; Hanks et al., 2012).

In this report we assess the parameters associated with the plate interface itself and do not include
seismicity within the down-going plate or overriding plate. To accurately estimate the total hazard associated
with subduction zones, one also needs to consider plate-bending earthquakes and earthquakes associated
with deformation of the down-going plate before it enters the subduction zone — so-called ‘outer rise’
events, as well as events occurring in the upper plate. These are outside of the scope of this report. In
characterising the subduction interface we adopt some aspects of the approach presented by McCaffrey
(2008), including a procedure for prescribing length-limited estimates of maximum magnitude. In the
absence of adequately long records of earthquakes for most subduction zones, and the occurrence of
unexpectedly large and long ruptures in Indonesia and Japan, we conclude that earthquake magnitude is
probably only limited by available subduction length. The approach presented here provides a basis for



developing earthquake event sets for the subduction zones of the World on a consistent basis using an up-to-
date synthesis of available published data. We assign the maximum magnitude to each subduction zone
based on its total length. If the total length of the subduction zone exceeds what can realistically rupture
with the generally accepted maximum magnitude of Mw 9.6 then we propose that the earthquake events
should ‘float’ along the whole subduction zone, using the available seismic moment respecting the maximum
magnitude and the Gutenberg and Richter b value, in the manner developed by Parsons et al. (2012) for the
Nankai Trench in Japan. The key, and perhaps most contentious assumption in this approach is that any
subduction zone may rupture a surprisingly long segment along strike regardless of its geological conditions,
but the recurrence time of such events will vary dramatically between subduction zones according to those
geological conditions. A recent example of a subduction event rupturing through what had previously been
considered a segment boundary is the 2007 Mw 8.1 earthquake on the Solomon Islands subduction zone
(Taylor et al., 2008a). The recurrence time for all earthquakes in the subduction zone further depends on the
fraction of the plate motion convergence rate that is released as earthquakes, the so-called coupling
coefficient. A very conservative treatment is to assume all relative plate motion is converted to seismic
moment release (i.e., 100% coupling) but observations have shown this to be an unlikely end-member
model. The initial assessment of subduction zones into “Chilean type” and “Mariana type” (Uyeda &
Kanamori, 1979) still demonstrates some first-order coherence in terms of variations in seismic coupling
among subduction zones. Together with other data, particularly the interpretation of campaign and
continuous GPS velocities (see Appendix B), these observations provide a basis for assessments of seismic
coupling that ranges from near to 90% in Cascadia and Nankai to as low as 15% at the Manila trench. Despite
this low coupling in subduction zones like the Manila Trench, following the assumption of McCaffrey (2008),
very large events can still occur there because the subduction zone is sufficiently long. What makes the
short-term hazard low at the Manila trench is the extremely long recurrence time of full-margin rupture.

Determination of the Gutenberg & Richter b-value (the long-term ratio of small to large events that comprise
the co-seismic component of plate motion measured over the duration of a seismic cycle) is a key requisite
for calculating hazard. The b-value is an important driver of seismicity rate calculations, and seemingly small
changes to the b-value can result in significant differences in hazard estimates, an observation directly
attributable to the log-linear relationship between frequency and magnitude. For example, a distributed
seismicity source model with a b-value range of 0.6 to 1.0 (all else held constant) produces hazard estimates
(e.g., peak ground accelerations) that vary by about 30%. In continental settings the b-value is observed to
fall in the range of about 0.6 to 1.5. Bird and Kagan (2004) deduced a global average subduction b-value of
0.96 with a 95% confidence interval of 0.90 to 1.02, but this includes plate-bending earthquakes in the
downgoing plate as well as interface events. Suckale and Griinthal (2009) reported a lower b-value of 0.71
from historical events in the New Hebrides region. On closer inspection the historic events upon which these
assessments have been made should more correctly be termed b-values from the subduction zone region, as
they often include only sparse events from the locked part of the interface, as well as crustal and plate-
bending events in the downgoing plate. Thus, for characterising likely future major events on the locked part
of the interface these studies may not be the most appropriate.

A long record of large interface events has been obtained by Goldfinger et al. (2012) using paleoseismic
methods in the Cascadia margin of western North America. Studies in this region suggest a paucity of
moderate magnitude events in this region but the data are almost certainly incomplete. Nevertheless it
appears that some subduction zones are highly productive while others are “quiet” suggesting that much of
the available seismic moment on the locked part of the interface is released in infrequent large events. At
these margins the b-value is likely to be lower over complete seismic cycles than for productive regions such



as the New Hebrides. Heuret et al. (2011) examined seismicity rates specifically on the thrust interface of
subduction zones (Figure 2) and identified low rates of 2Mw 5.5 events on the Hikurangi, Caribbean,
southern Chile, western and eastern Aleutians, Java, and the Makran interface zones. For these unproductive
zones the b-value is likely to be substantially lower than the global average b-value which has been obtained
from locations where there has been significant activity in the instrumental period. Conversely, Heuret et al.
(2011) also identify some margins where the rate of interface events of 2Mw 5.5 is high which are those
regions where the ‘global average’ of Bird and Kagan (2004) is likely to be representative.

To further illustrate likely variability in b-values at subduction zones, we have compiled a list of published b-
values (Table 3.2). At individual subduction zones (such as the Tonga Trench), estimated b-values can vary by
as much as 0.5 or more between studies. The lowest b-values in Table 3.2 are ~0.6 (New Hebrides, Solomon
Islands), while the highest ones are ~1.5 (Marianas). To encompass this uncertainty, we assume a minimum
b-value for all subduction zones of 0.7, and a maximum of 1.2. In cases where published studies have
estimated b-values that are less than 0.7, or exceed 1.2, we use the published values to inform the minimum
or maximum value in our table. In addition to these three principal parameters of seismogenesis — maximum
magnitude, seismic coupling coefficient, and b-value — we also need to define the potential upper and lower
extent of rupture in future interface earthquakes to position the rupture plane with respect to the land
surface above, as input to hazard and risk calculations.

When implemented in a seismic hazard model, the procedure should be to generate earthquakes of
appropriate size and frequency within a subduction zone that uses the available seismic moment as defined
for that region. Here, we define the maximum magnitude for each subduction zone, and the moment from
earthquakes in a seismic hazard model should be balanced over the entire fault surface, similar to that
proposed for the fault slip component of a California hazard model developed by Hiemer et al. (2013), and by
the ‘earthquake simulator developed by Parsons et al. (2012) for the Nanakai subduction zone.

In the database we constrain lower bound maximum magnitudes in each subduction segment as the largest
earthquake that has occurred in the instrumental record as defined in most recent literature. In some places,
such as for the 1960 rupture in Chile this may narrow the range of Mmax because the 1960 Mw 9.5 is close to
the theoretical maximum magnitude proposed by McCaffrey (2008) of Mw 9.6. Where no great earthquakes
(Mw > 8) have occurred in the instrumental period the range applied to Mmax is often at least one
magnitude unit. By capturing some estimate of uncertainty in many of the key parameters the database
lends itself to creating alternate event sets for each subduction segment via Monte Carlo sampling, and for
frequent updating as new data come to hand.
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Figure 1.2 Subduction zone interface seismicity and trench segmentation, from Heuret et al. (2011) reproduced with
permission of John Wiley and Sons. This is Figure 1 in the paper ‘Physical characteristics of subduction interface type
seismogenic zones revisited’ by Heuret, Lallemand, Funiciello, Piromallo and Faccenna published in Geochemistry,
Geophysics, Geosystems 12: Q01004, Copyright 2011. The figure and part of the following caption are reproduced with
permission of John Wiley & Sons. The rupture area of the Mw 2 8.0 subduction interface events (1900-2007) is
represented by red and black ellipses. The rupture areas were taken from McCann et al. (1979), Kanamori (1986),
Schwartz et al. (1989), Byrne et al. (1992), Tichelaar and Ruff (1993), Johnson et al. (1994), Ishii et al. (2005), Fedotov
et al. (2007), Ruppert et al. (2007), Bilek (2010), and Madariaga et al. (2010). Red crosses are used here to indicate Mw >
8.0 events that did not have available rupture area data. Colored dots represent, by each 1° of trench, the number of
Mw 2 5.5 subduction interface events (1976—-2007). Subduction velocities (Heuret, 2005) are represented by blue
arrows, although in this study we use velocities from more recent geodetic studies (see Appendix B) and Bird (2003),
rather than the ones shown here. In this study we relax the segmentation model delimited by Heuret et al. (as black lines

in this figure), and propose to ‘float’ earthquakes along the whole subduction zone as discussed in the text.



2 Procedure

To populate the database we have firstly defined subduction zones, and in some cases segments, where
there is a change in kinematics at the subduction zone (usually due to the juxtaposition of different plate
pairs and/or major changes in plate boundary orientation). These segments are largely defined for kinematic
convenience when calculating the plate rates at the segment endpoints, but in some cases these segments
represent possible rupture segments (as in the Alaska case; Wesson et al., 2007). In the database, we record
the plate pairs at each subduction segment, define the segment coordinate endpoints, the average dip of the
seismogenic portion of the interface, the dip direction, and the trench depth. Most of these values are
inferred from observations. The down-dip geometry of subduction zones are those identified in the SLAB 1.0
model of Hayes et al. (2012) which is available on-line from US Geological Survey (see:
http://earthquake.usgs.gov/data/slab/). The geometry of zones in Slab 1.0 is determined from careful
examination of instrumental seismicity. In subduction zones where there is little seismicity this basis for
defining geometry is not available and so we have assigned estimates of dip angle from the literature.
Uncertainty in the dip angle could also be incorporated into the estimate of fault area and maximum
magnitude, but for this study we consider this to be relatively well constrained and uncertainty will have a
relatively small impact on hazard compared with uncertainty in coupling coefficients and b-values.

Important judgments are then made for the maximum up-dip extent of ruptures, including uncertainty
estimates (min, preferred, max), and the down-dip extent of ruptures, again with uncertainty (min,
preferred, max). The down-dip rupture width can then be calculated. Another parameter requiring
considerable judgement is the coupling coefficient in the particular subduction segment and again we assign
uncertainty (min, preferred, max). We outline the rationale behind our choice of coupling coefficients for
each subduction zone in Appendix B. For all segments, we assume a range of Mmax values, with the largest
possible Mmax based on rupture length of the entire segment (or combination of segments), using scaling
relationships between subduction zone (or segment) length and magnitude in McCaffrey (2008). The
minimum Mmax value is taken as the largest earthquake observed in the historical record on that segment.
As a default for the preferred value, we take the average of the minimum and maximum Mmax values. The b-
value for the subduction zone is also a significant judgement as discussed above, and so considerable
uncertainty is applied to this parameter also.

With all of these parameters defined or calculated, a series of earthquake event sets can then be calculated
for each subduction segment defining the frequency-magnitude distribution and the recurrence of each
earthquake. Monte Carlo sampling of the range of event sets can determine uncertainty statistics for each
event set.



3 Results

A wide range of possible earthquakes have been identified in this project, reflecting widely varying
parameters (Table 3.1). Subduction segment lengths range from as little as 229 km (Halmahera segment in
the Molucca Sea) to 6536 km for the South American margin. The dip on the seismogenic interface ranges
from 6° in the Prince William Sound segment of the Alaska subduction zone to 28° in a segment of the New
Hebrides subduction zone. The up-dip extent of rupture is often thought to be 5-10 km below the seafloor,
although in many places the possibility of rupture to the trench is given some weight. The down-dip limit of
rupture is also expected to vary significantly — as shallow as 15 km in the Yakataga segment of Alaska or as
deep as 50 km in Japan and Chile. With these wide ranges of dip and rupture limits, the rupture widths vary
from as little as 40 km in the Yakataga segment of Alaska and parts of the New Hebrides region, to as much
as 240 km in the shallowly-dipping Prince William Sound segment of the Alaska subduction margin.

The wide range of segment lengths and widths is responsible for the range of maximum earthquake
magnitudes expected in global subduction zones (Figure 3.1). The preferred maximum magnitude
earthquakes expected in the Hjort (south of New Zealand), Calabria, and east Luzon subduction zones are
only Mw 7.8, and, while at the other end of the spectrum a Mw 9.5 is the calculated preferred estimate for
central Chile, and in several subduction zones the available length in the subduction zone cannot preclude
the occurrence of the generally accepted global maximum Mw 9.6 event. Accepting uncertainties in the
estimated parameters, and in delineation of segments of subduction zones, we find that maximum
magnitude earthquakes of Mw 9.6 appear possible in 10 of the 79 subduction zones or their segments as
defined in this project, and a maximum of Mw 9.0 to 9.5 is possible in an additional 36 of the 79 subduction
zones or their segments (Table 3.1).

Figure 3.1 shows that there is a clear positive correlation between magnitude and area (R=0.81), and a
weaker but positive correlation between magnitude and coupling coefficient (R=0.51) (red and orange
symbols tend to sit above blue symbols). There appears to be a weaker or no correlation (R=0.28) between
maximum magnitude and average velocity across the plate interface (larger symbols tend to fall in the lower
magnitude and lower area quadrants of the plot). Similarly, there is poor correlation between coupling
coefficient and area (R=0.27). The correlation between magnitude and area is expected because magnitude is
derived in large part from the area. A positive correlation between coupling coefficient and magnitude can
be understood as larger locked patches on the fault plane resulting in larger earthquakes. The finding that
relative plate velocity is poorly correlated with magnitude is somewhat surprising, but it may be that higher
velocities result in more fracturing and break-up of the down-going plate and therefore smaller area of
locked patches. Higher velocities could also lead to less fault healing and hence lower coupling.
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Figure 3.1 Plot showing relationships between maximum magnitude, rupture area, coupling coefficient and relative velocity across the interface for each of the 79

subduction interface zones and their possible segments considered in this study.
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Table 3.1 Subduction Interface Zone Parameters as defined in Appendix A.
*Note all subduction zones divided into segments (Alaska, Central America, much of the South American margin) are considered to be plausible segments based on trench geometry and
kinematics. However, an alternative and recommended treatment of these very long subduction zones is to define a maximum magnitude and allow earthquakes to ‘float’ along the
total length with the earthquake event set determined by plate convergence rates, coupling coefficient and b-value of the interface source zone. The abbreviated names of the

overriding/subducting plates follow those defined in Bird (2003) (see table 1 in that publication).

. Left REL_V  Left_REL _ _ Right REL  Right_REL_
I L T
(mm/yr) (°) (mm/yr) (°)
1 AIaSk?/ Whole margin PA\NA 164.066 55.209 74.6 311 -140.128 60.381 49.0 350 4130
Aleutians
2 Alaska Komandorski PA\NA 164.066 55.209 74.6 311 170.700 52.498 74.3 313 531
3 Alaska Western Aleutians PA\NA 170.700 52.498 74.3 313 -162.413 53.367 64.0 329 1963
4 Alaska Shumagin PA\NA -162.413 53.367 64.0 329 -157.986 54.101 61.0 332 302
5 Alaska Semidi PA\NA -157.986 54.101 61.0 332 -154.160 55.239 58.4 336 279
6 Alaska Kodiak PA\NA -154.160 55.239 58.4 336 -149.220 56.925 55.0 340 361
7 Alaska ESESZ William PA\NA -149.220  56.925 55.0 340  -144316  59.918 51.4 347 444
8 Alaska Yakataga PA\NA -144.316 59.918 51.4 347 -140.128 60.381 49.0 350 250
9 Cascadia JFANA -130.850 51.612 47.8 58 -124.742 40.313 32.7 58 1415
10 Japan/Kurile Whole margin PA\OK 141.992 34.666 93.0 294 164.066 55.209 78.7 308 2965
11 Japan/Kurile Japan Trench PA\OK 141.992 34.666 93.0 294 144.454 40.847 91.1 295 742
12 Japan/Kurile Kurile-Kamchatka PA\OK 144.454 40.847 90.9 296 164.066 55.209 78.7 308 2223
13 Kanto PS\OK 138.674 35.034 36.0 317 141.883 34.213 34.1 312 312
14 Nankai/Ryukyu  Whole margin :SS\\%“IG' 122.501 23.643 134.0 314 138.674 35.034 44.4 310 2202

15 Nankai/Ryukyu Nankai PS\AM 132.824 30.754 55.7 310 138.674 35.034 44.4 310 762
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. Left REL_V  Left_REL _ _ Right REL  Right_REL_
o N e s M TG T e o B T e
(mm/yr) (°) (mm/yr) (°)
16 Nankai/Ryukyu Ryukyu PS\ON 122.501 23.643 134.0 314 132.824 30.754 58.0 311 1440
17 lIzu-Bonin PA\PS 143.522 24.391 47.1 292 141.883 34.213 61.4 284 1128
18 Marianas PA\MA 143.503 11.494 76.3 277 143.522 24.391 49.1 281 1822
19 North Yap PA\PS 138.359 9.379 3.0 297 143.097 11.569 9.0 311 690
20 Palau-South Yap CL\PS 134.521 6.990 1.6 318 138.359 9.379 7.1 324 554
21 :Lt::::gic'm"ga' Whole margin PQIT-I(F)' 175.503  -42.059 19.5 236 -173.407 -14.584 269.5 256 3412
22 H-T-K Hikurangi PA\HF 175.503 -42.059 19.5 236 179.838 -37.476 65.5 247 660
23 H-T-K Kermadec PA\KE 179.838 -37.476 45.3 258 -174.985 -23.750 98.1 257 1627
24 H-T-K Tonga PA\TO -174.985 -23.750 112.6 248 -173.407 -14.584 269.5 256 1125
25 Puysegur AU\PA 168.770 -44.021 36.6 68 163.235 -50.079 29.9 51 834
26 Hjort see notes 157.615 -57.474 25.2 19 161.228 -61.457 18.9 342 493
27 Solomons Whole margin ‘{Avllj\\l:,ﬁ' 153.083 -5.750 91.1 49 164.612 -10.892 88.4 80 1460
28 Solomons Northwest WL\PA 153.083 -5.750 91.1 49 156.296 -8.174 107.0 47 465
29 Solomons Southeast AU\PA 156.296 -8.174 98.1 75 164.612 -10.892 88.4 80 995
30 New Hebrides Whole margin ﬁl:l\:llllx-l' 164.612 -10.892 94.7 78 174.277 -22.667 45.8 7 1923
31 New Hebrides North AU\PA 164.612 -10.892 94.7 78 166.106 -13.634 90.7 79 400
32 New Hebrides Central AU\NH 166.106 -13.634 33.7 74 167.350 -18.022 102.3 74 500
33 New Hebrides South AU\NH 167.350 -18.022 102.3 74 169.954 -22.325 174.9 68 560
34 New Hebrides Matthew-Hunter AU\MH 169.954 -22.325 49.1 8 174.277 -22.667 45.8 7 463
35 New Britain WL\SB 147.283 -7.000 48.7 21 153.083 -5.750 160.0 -3 660
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. Left REL_V  Left_REL _ _ Right REL  Right_REL_
I A
(mm/yr) (°) (mm/yr) (°)
36 ?;"r‘:ci”i“ea Whole margin P'Lc\t'\“BGHH’ 143.743  -3.200 92.6 251 132,515  0.017 22.1 183 1364
37 NGT east PA\NGH 143.743 -3.200 92.6 251 138.793 -1.159 84.1 259 600
38 NGT west CL\BH 138.793 -1.159 28.1 185 132.515 0.017 22.1 183 764
39 Manus Trench Whole margin PA,CL\NB 154.955 -4.550 10.0 181 142.246 -2.693 8.7 141 1709
40  Manus East PA\NB 154.955 -4.550 10.0 181 149.270 -0.650 6.9 162 809
41  Manus West CL\NB 149.270 -0.650 16.9 152 142.246 -2.693 8.7 141 900
42  Sunda Trench Whole margin AU\BU,SU 92.068 13.715 12.4 178 120.886  -11.493 69.3 8 4874
43 An-Sunda Tr. Andaman IN or AU\BU 92.068 13.715 12.4 178 96.202 1.345 50.8 90 1579
44 An-Sunda Tr. Sumatra AU\SU 96.202 1.345 46.4 1 104.576 -8.167 55.7 11 1438
45  An-SundaTr. Java AU\SU 104.576 -8.167 55.7 11 120.886 -11.493 69.3 8 1857
46  Calabria AF\EU 15.775 37.282 2.0 306 17.415 39.071 2.0 306 245
47  Hellenic Trench  Whole margin AF\AS 19.912 37.731 23.0 26 28.726 36.579 10.0 37 1032
48 Hellenic Tr. western segment AF\AS 19.912 37.731 23.0 26 25.288 34.202 35.0 35 620
49 Hellenic Tr. eastern segment AF\AS 25.228 34.202 10.0 37 28.726 36.579 10.0 37 412
50 Cyprus western segment AR\AT 28.726 36.579 14.0 30 32.254 34.729 9.0 30 380
51 Cyprus eastern segment AR\AT 32.160 34.604 7.0 40 35.169 34.824 7.0 40 276
52 Makran AR\EU 57.057 26.049 19.5 14 65.028 24.382 19.5 17 941
53  South America  Whole margin NZ\SA,ND -78.646 7.337 53.0 80 -76.006 -45.659 78.7 80 6526
54 S.America Ecuador- NZ\ND -78.646 7337 53.0 80 81599 -3.245 60.9 83 1329
Colombia
55  S. America Peru NZ\SA or AP -81.599 -3.245 70.0 82 -71.307 -21.965 63.9 78 2502
56  S. America North Chile NZ\SA -71.307 -21.965 79.5 77 -73.246 -34.290 80.5 78 1394
57  S. America Central Chile NZ\SA -73.246 -34.290 80.5 78 -76.006 -45.659 78.7 80 1301
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o et gy LRELYV LeRREL o Right REL  RightREL
ubduction eft eft ight ight engt
No. Segment Plate pairs -~ - - EL _AZI ght_t_ gnti_ _VEL AZI g
Zone LONG AT ) LONG LAT ) (km)
(mm/yr) (°) (mm/yr) ()
58  Patagonia Whole margin AN\SA,SC  -76.006  -45.659 21.3 93 -56.925  -60.565 10.8 94 2308
59 Patagonia N. Patagonia AN\SA -76.006 -45.659 21.3 93 -76.483 -52.068 19.3 93 731
60  Patagonia S. Patagonia AN\SC 76483  -52.068 15.1 85 56.925  -60.565 10.8 94 1577
61  South Shetland AN\SL 56.925  -60.565 10.0 150 63.969  -62.422 10.0 156 435
62  South Sandwich SA\SW 26071  -60.391 84.1 262 28647  -55.005 66.3 266 791
g3 Mexico/Central o margin  RVCOWAC 06890 21799 13.6 21 -82.875  7.366 79.1 29 3185
America APM
64  Mexico/CA Jalisco RI\NA -106.890  21.799 13.6 21 105247  18.762 36.3 50 396
65  Mexico/CA Michoacan- CO\NA 105247  18.762 44.0 36 90.898  12.584 78.8 33 1710
Guatemala
66  Mexico/CA £l Salvador- CO\CA 90.898 12584 713 21 86.648  10.235 80.0 23 546
Nicaragua
67  Mexico/CA anflgamRa:ca'WESt CO\PM 86.648  10.235 70.8 27 82.875  7.366 79.1 29 533
68 Antilles SAor NA\CA  -58.157  10.160 20.1 263 63360  19.691 17.0 263 1400
69  Manila SU\PS 120452 21.632 92.0 118 119.255  16.556 97.8 116 610
70 Philippine Trench see notes 129.197 1.059 43.0 255 124.891 14.704 29.4 256 1633
71  Fastluzon see notes 122263  15.633 14.2 257 123.483  18.067 11.9 247 290
Trough
72 Cotabato Trench see notes 123.500 7.000 18.8 76 125.150 5.600 18.2 78 250
73 SuluTrench seenotes  122.500 8.660 18.9 72 119.607  6.333 19.4 76 445
74 x;“nac:assa seenotes  123.430 2.006 19.1 184 119249  0.714 51.6 170 591
75  Seram Trough BH\BS 132717  -4.440 74.2 257 126.167  -2.750 66.1 267 815
76  Timor BS\TI 132689  -6.681 23.4 132 120543  -7.812 35.4 149 1382
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o et pe L efRELY Left_REL one e mone | FEMREL Right REL_ o

ubduction eft eft ight ight engt

No. Segment Plate pairs - - - - EL _AZ| ENt_E- ght_ _VEL AZ| &
Zone LONG AT ) LONG LAT ) (km)

(mm/yr) (°) (mm/yr) ()

77 ~ Manokwari PS\BH 132.515 0.017 21.8 206 129.197  1.059 15.0 210 389
Trench

78  Halmahera MS\BH 126.426 1.706 100.9 116 125969  -0.278 89.6 117 229

79  Kepulauan MS\SU 125.263 -0.446 16.5 288 126426  1.706 5.0 264 282

Sangihe
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15

Trench  Updip_ Updip  Updi Down-dip  DOWMAP Downdip i Width
renc i i ip— own-di i i . .
Subduction Dip Paip_ P ) P pdip P depth — depth — . Width - Coupling
No. Segment depth pref  -min max depth — pref . —pref  —min max  coefficient -

Zone () min max

(km) (km) (km) (km) (km) (km) (km) (km) pref
(km) (km)
1 Alaska/Aleutians Whole Margin 14 6 12 6 24 40 26 48 122 30 192 0.55
2 Alaska/Aleutians Komandorski 15 5.5 10.5 5.5 24 35 25 45 95 30 153 0.5
3 Alaska/Aleutians & oo 18 7 12 7 27 50 30 55 123 30 155 05
Aleutians

4 Alaska/Aleutians Shumagin 14 6 11 6 16 26 20 32 62 30 107 0.2

Alaska/Aleutians Semidi 14 6 11 6 24 30 25 50 79 30 182 0.7
6 Alaska/Aleutians Kodiak 8 4.5 9.5 4.5 24.5 28 25 50 133 30 327 0.8
7 Alaska/Aleutians z;':rclz William ¢ 4.5 145 45 24.5 42 25 50 263 30 435 0.8
8 Alaska/Aleutians Yakataga 15 4 9 4 9 15 10 20 30 30 62 0.5
9 Cascadia 15 2.5 7.5 2.5 12.5 25 20 30 68 30 106 0.8
10 Japan/Kurile Whole Margin 16 8 12 8 14 50 40 61 142 97 197 0.77
11 Japan/Kurile Japan 15 7 7 7 50 40 65 166 128 224 0.7

. Kurile-
12 Japan/Kurile 16 8 13 8 16 50 40 60 134 87 189 0.8
Kamchatka

13 Kanto 15 1 6 9 25 20 30 73 43 112 0.9
14 Nankai/Ryukyu Whole Margin 15 5 10 5 13 22 17 27 45 31 83 0.44
15 Nankai/Ryukyu  Nankai 15 3.5 8.5 3.5 11.5 25 20 30 64 33 102 0.9
16 Nankai/Ryukyu  Ryukyu 15 6 11 6 14 20 15 25 35 30 73 0.2
17 Izu-Bonin 15 7.5 12.5 7.5 15.5 35 25 45 87 37 145 0.2
18 Marianas 15 8 13 8 16 35 25 45 85 35 143 0.2
19 North Yap 15 7 12 7 15 35 25 45 89 39 147 0.2
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Down-dip

Down-dip

Subduction Dip Trench  Updip_ Upd'ip Updip — Down-dip depth - depth - Width Widj(h Width — Coupling
No. Zone Segment ) depth pref - min max depth — pref i ax —pref  —min max coefficient -
(km) (km) (km) (km) (km) (km) (km) (km) (km) (km) pref
20 Palau-South Yap 15 5 10 5 13 35 25 45 97 46 155 0.2
21 :L':::::gj:'mnga' Whole margin 13 6 11 6 15 32 20 a1 91 38 154 0.31
22 H-K-T Hikurangi 10 2.5 7.5 2.5 125 30 25 35 130 72 187 0.54
23 HKT Kermadec 12 7 12 7 15 30 15 40 87 30 159 0.3
24 HKT Tonga 17 8 13 8 16 35 25 45 75 31 127 0.2
25 Puysegur 15 5 10 5 13 35 30 45 97 66 155 0.7
26 Hjort 22 6 11 6 14 20 15 25 30 30 51 0.5
27 Solomons Whole margin 26 3.6 8.6 3.6 11.6 40 35 60 72 53 129 0.70
28 Solomon Northwest 26 6 11 6 14 40 35 60 66 48 123 0.7
29 Solomon Southeast 26 2.5 7.5 2.5 10.5 40 35 60 74 56 131 0.7
30 New Hebrides = Whole Margin 24 6.0 11 6 14 31 25 35 51 33 74 0.37
31 New Hebrides North 23 6 11 6 14 30 25 40 49 30 87 0.25
32 New Hebrides Central 23 6 11 6 14 40 30 45 74 41 100 0.7
33 New Hebrides South 23 6 11 6 14 30 25 40 49 30 87 0.25
34 New Hebrides Matthew-Hunter 28 6 11 6 14 25 20 30 30 13 51 0.25
35 New Britain 26 6.5 115 6.5 14.5 40 30 50 65 35 99 0.7
36 ?r‘:'r“’cf‘”i“ea Whole Margin 15 3.6 8.6 3.6 11.6 35 25 45 102 52 160 0.70
37 NGT East 15 8 11 35 25 45 104 54 162 0.7
38 NGT West 15 4 9 4 12 35 25 45 100 50 158 0.7
39 Manus Tr. Whole Margin 15 3.5 8.5 3.5 11.5 35 25 45 102 52 160 0.50
40 Manus Tr. East 15 3.5 8.5 3.5 115 35 25 45 102 52 160 0.5
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Trench  Updip_  Updip  Updi Downdip  CoWndip Downdip o Width
. renc | | p - own-di | | . .
Subduction Dip PAiP_ P ) P paip P depth — depth — ' Width - Coupling
No. Segment depth pref  -min max depth — pref . —pref  —min  max  coefficient -
Zone (°) min max
(km) (km) (km) (km) (km) (km) (km) (km) pref
(km) (km)
41  ManusTr. West 15 3.5 8.5 3.5 11.5 35 25 45 102 52 160 0.5
42 Andaman-Sunda ol Margin @ 14 44 7.6 4.4 123 32 26 45 102 57 163 0.54
Trench
43 An-Sunda Tr. Andaman 14 3 5 3 11 40 35 45 145 99 174 0.7
44  An-SundaTr. Sumatra 14 5 10 5 13 35 25 50 103 50 186 0.8
45 An-SundaTr. Java 15 5 8 5 13 25 20 40 66 30 135 0.2
46  Calabria 20 4 10 4 12 45 40 60 102 82 164 0.5
47  Hellenic Tr. Whole Margin 35 24 17 24 10.4 a5 40 50 50 53 86 0.60
48  Hellenic western 30 2 17 2 10 45 40 50 56 60 9% 0.6
segment
49 Hellenic eastern segment 42 3 17 3 11 45 40 50 42 43 70 0.6
50  Cyprus western 39 2 10 2 10 50 40 60 64 48 92 0.5
segment
51 Cyprus eastern segment 42 2 10 2 10 50 40 60 60 45 87 0.5
52  Makran 8 3 9 3 11 35 30 40 187 137 266 0.5
53 S. America Whole Margin 14 5 10 5 13 50 40 60 172 116 236 0.80
54  S. America Ecuador- 15 3 8 3 11 50 40 60 162 112 220 08
Colombia
55 S. America Peru 13 5 10 5 13 50 40 60 178 120 244 0.8
56 S.America N. Chile 15 6 11 6 14 50 40 60 151 100 209 0.8
57 S. America Central Chile 12 5 10 5 13 50 40 60 192 130 265 0.8
58 Patagonia Whole Margin 15 4 9 4 12 35 25 45 100 50 158 0.5
59  Patagonia North 15 4 9 4 12 35 25 45 100 50 158 0.5



Trench  Updip_  Updip  Updi Downdip  CoWndip Downdip o Width
. renc | | p - own-dai | | . .
Subduction Dip PAiP_ P ) P paip P depth — depth — ' Width - Coupling
No. Segment depth pref  -min max depth — pref . —pref  —min  max  coefficient -
Zone (°) min max
(km) (km) (km) (km) (km) (km) (km) (km) pref
(km) (km)
60 Patagonia South 15 4 9 4 12 35 25 45 100 50 158 0.5
61  South Shetland 15 8 1 35 25 45 104 54 162 0.5
62  South Sandwich 15 7 12 7 15 35 25 45 89 39 147 0.2
Mexico/Central .
63 : Whole Margin 35 2.4 17 2.4 10.4 45 40 50 50 53 86 0.60
America
64 Mexico/CA Jalisco 16 4 9 4 12 25 20 35 58 30 112 0.5
65  Mexico/CA Michoacan- 16 4 9 4 12 20 15 30 40 30 94 0.7
Guatemala
66 Mexico/CA El Salvador- 21 5 10 5 13 25 20 35 42 30 84 03
Nicaragua
. Costa Rica-west
67  Mexico/CA 15 2.5 7.5 25 10.5 25 20 35 68 37 126 0.5
Panama
68  Antilles 15 4.5 9.5 45 12.5 35 25 45 99 48 156 0.5
69  Manila 15 4 9 4 12 35 25 45 100 50 158 0.15
70  Philippine 25 11 14 35 25 45 57 30 92 0.25
71  Fastluzon 20 5 10 5 13 35 25 45 73 35 117 05
Trough
72 Cotabato Trench 15 9 12 35 25 45 100 50 158 0.5
73 SuluTrench 15 9 12 35 25 45 100 50 158 0.5
74 ~Minahassa 15 35 8.5 35 115 35 25 45 102 52 160 05
Trench
75  Seram Trough 15 6 11 6 14 35 25 45 93 43 151 0.5
76  Timor 15 3 8 3 1 35 25 45 104 54 162 0.5
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Trench  Updip_  Updip  Updi Downdip  CoWndip Downdip o Width
. renc | | p - own-dai | | . .
Subduction Dip PAiP_ P ) P paip P depth — depth — ' Width - Coupling
No. Segment depth pref  -min max depth — pref . —pref  —min  max  coefficient -
Zone (°) min max
(km) (km) (km) (km) (km) (km) (km) (km) pref
(km) (km)
77 ~ Manokwari 15 4 9 4 12 35 25 45 100 50 158 05
Trench
78  Halmahera 15 2 7 2 10 35 25 45 108 58 166 05
79  Kepulauan 15 2 7 2 10 35 25 45 108 58 166 05

Sangihe
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Table 3.1 Continued.

No  Subduction Zone Segment Coupling c?efficient Coupling coefficient-  Mmax - Mm'ax - Mmax - B-value - B-va!ue - B-value -
- min max pref min max pref min max
1 Alaska/Aleutians Whole Margin 0.42 0.77 9.40 9.20 9.60 0.93 0.67 1.20
2 Alaska/Aleutians Komandorski 0.30 0.70 8.40 8.00 8.80 0.95 0.70 1.20
3 Alaska/Aleutians Western Aleutians 0.30 0.70 9.40 9.20 9.60 0.92 0.63 1.20
4  Alaska/Aleutians Shumagin 0.10 0.70 7.93 7.50 8.35 0.95 0.70 1.20
5  Alaska/Aleutians Semidi 0.60 0.90 8.50 8.34 8.50 0.95 0.70 1.20
6  Alaska/Aleutians Kodiak 0.90 1.00 9.20 8.63 9.20 0.95 0.70 1.20
;  Alaska/Aleutians ::Srfz William 0.90 1.00 9.20 9.00 9.20 0.95 0.70 1.20
g  Alaska/Aleutians Yakataga 0.30 0.70 8.10 8.00 8.10 0.95 0.70 1.20
9 Cascadia 0.70 0.90 9.00 8.80 9.20 0.95 0.70 1.20
10 Japan/Kurile Whole Margin 0.67 0.90 9.30 9.00 9.60 0.91 0.62 1.20
11 Japan/Kurile Japan Trench 0.60 0.90 9.08 9.00 9.16 0.91 0.61 1.20
12 Japan/Kurile Kurile-Kamchatka 0.70 0.90 9.30 9.00 9.60 0.92 0.63 1.20
13 Kanto 0.80 1.00 8.21 8.00 8.42 0.95 0.70 1.20
14 Nankai/Ryukyu Whole Margin 0.34 0.80 8.95 8.50 9.41 0.91 0.61 1.20
15 Nankai 0.80 1.00 8.70 8.50 8.90 0.91 0.61 1.20
16 Ryukyu 0.10 0.70 8.54 8.00 9.09 0.91 0.61 1.20
17 Izu-Bonin 0.10 0.70 8.21 7.20 9.21 0.95 0.70 1.20
18 Marianas 0.10 0.70 8.34 7.20 9.48 1.08 0.68 1.47
19 North Yap 0.10 0.70 8.07 7.20 8.93 0.95 0.70 1.20
20 Palau-South Yap 0.10 0.70 8.02 7.20 8.83 0.95 0.70 1.20
21 Mikurangi- Whole Margin 0.21 0.72 8.85 8.10 9.60 0.95 0.70 1.21

Kermadec-Tonga
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No  Subduction Zone Segment Coupling cc?efficient Coupling coefficient-  Mmax - Mm.ax - Mmax - B-value - B—va!ue - B-value -
- min max pref min max pref min max
22 H-K-T Hikurangi 0.40 0.70 8.50 8.00 9.00 0.95 0.70 1.20
23 H-K-T Kermadec 0.20 0.75 8.76 8.10 9.42 0.96 0.70 1.21
24 HKT Tonga 0.10 0.70 8.58 8.00 9.17 0.96 0.70 1.21
25  Puysegur 0.50 0.80 8.43 7.80 9.07 0.95 0.70 1.20
26  Hjort 0.30 0.70 7.78 7.20 8.36 0.95 0.70 1.20
27  Solomon Whole Margin 0.60 0.80 8.70 8.10 9.31 0.90 0.60 1.20
28  Solomon Northwest 0.60 0.80 8.36 8.10 8.62 0.90 0.60 1.20
29  Solomon Southeast 0.60 0.80 8.60 8.10 9.09 0.90 0.60 1.20
30 New Hebrides Whole Margin 0.27 0.73 8.83 8.30 9.37 0.90 0.60 1.20
31  New Hebrides North 0.15 0.70 8.02 7.60 8.44 0.90 0.60 1.20
32 New Hebrides Central 0.6 0.80 8.50 8.30 8.70 0.90 0.60 1.20
33 New Hebrides South 0.15 0.70 8.12 7.60 8.64 0.90 0.60 1.20
34 New Hebrides Matthew-Hunter 0.15 0.70 8.19 8.00 8.39 0.90 0.60 1.20
35  New Britain 0.60 0.80 8.41 8.00 8.82 0.90 0.60 1.20
36 New Guinea Trench Whole Margin 0.60 0.80 8.78 8.20 9.37 0.95 0.70 1.20
37 New GuineaTrench  East 0.60 0.80 8.25 7.60 8.90 0.95 0.70 1.20
38 New Guinea Trench west 0.60 0.80 8.61 8.20 9.03 0.95 0.70 1.20
39 Manus Whole Margin 0.30 0.70 8.50 7.50 9.50 0.95 0.70 1.20
40 Manus East 0.30 0.70 8.28 7.50 9.07 0.95 0.70 1.20
41 Manus West 0.30 0.70 8.31 7.50 9.13 0.95 0.70 1.20
g2 ~Andaman-Sunda e Margin 0.44 0.79 9.30 9.00 9.60 0.94 0.67 1.20
Trench
43 Andaman-Sunda Andaman 0.60 0.80 9.30 9.00 9.55 0.94 0.67 1.20
44 Andaman-Sunda Sumatra 0.70 0.90 9.20 9.00 9.40 0.94 0.67 1.20
45 Andaman-Sunda Java 0.10 0.70 8.61 7.80 9.42 0.94 0.67 1.20
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No  Subduction Zone Segment Coupling cc?efficient Coupling coefficient-  Mmax - Mm.ax - Mmax - B-value - B—va!ue - B-value -
- min max pref min max pref min max
46  Calabria 0.30 0.70 7.74 7.10 8.38 0.95 0.70 1.20
47 Hellenic Trench Whole margin 0.20 1.00 8.50 8.00 9.00 0.95 0.69 1.20
48 Hellenic western segment 0.20 1.00 8.37 8.00 8.74 0.95 0.69 1.20
49 Hellenic eastern segment 0.20 1.00 8.21 8.00 8.42 0.95 0.69 1.20
50 Cyprus western segment 0.30 0.70 8.00 7.50 8.49 0.95 0.70 1.20
51 Cyprus eastern segment 0.30 0.70 7.89 7.50 8.29 0.95 0.70 1.20
52  Makran 0.30 0.70 8.71 8.10 9.33 0.95 0.69 1.20
53 South America Whole Margin 0.70 0.90 9.55 9.50 9.60 0.88 0.56 1.20
54 S. America Ecuador-Colombia 0.70 0.90 9.14 8.80 9.49 0.95 0.70 1.20
55  S. America Peru 0.70 0.90 9.30 9.00 9.60 0.87 0.53 1.20
56  S.America N. Chile 0.70 0.90 9.05 8.60 9.49 0.87 0.53 1.20
57 S.America Central Chile 0.70 0.90 9.51 9.50 9.53 0.87 0.53 1.20
58 Patagonia Whole Margin 0.30 0.70 8.80 8.00 9.60 0.95 0.70 1.20
59  Patagonia North 0.30 0.70 8.50 8.00 9.00 0.95 0.70 1.20
60  Patagonia South 0.30 0.70 8.72 8.00 9.45 0.95 0.70 1.20
61  South Shetland 0.30 0.70 8.11 7.50 8.71 0.95 0.70 1.20
62  South Sandwich 0.10 0.70 8.26 7.50 9.01 1.09 0.70 1.48
63 ,'L\\n::rc.:a/ Central Whole Margin 0.37 0.81 8.90 8.20 9.60 0.91 0.62 1.20
64  Mexico/CA Jalisco 0.30 0.70 8.34 8.20 8.49 0.89 0.58 1.20
65  Mexico/CA ZJZT:;C;;‘ 0.50 0.90 8.61 8.00 9.23 0.89 0.58 1.20
66  Mexico/CA El Salvador- 0.10 0.70 8.29 8.00 8.58 0.95 0.70 1.20

Nicaragua
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No  Subduction Zone Segment Coupling cc?efficient Coupling coefficient-  Mmax - Mm.ax - Mmax - B-value - B—va!ue - B-value -
- min max pref min max pref min max
67  Mexico/CA Costa Rica-west 0.30 0.70 8.20 7.70 8.71 0.95 0.69 1.20
Panama
68  Antilles 0.30 0.70 8.69 8.00 9.37 0.92 0.64 1.20
69  Manila 0.05 0.70 8.25 7.60 8.90 0.95 0.70 1.20
70  Philippine 0.10 0.75 8.45 7.60 9.30 0.94 0.68 1.20
71 East Luzon Trough 0.30 0.70 7.84 7.30 8.38 0.95 0.70 1.20
72  Cotabato Trench 0.30 0.70 8.19 8.00 8.38 0.95 0.70 1.20
73  Sulu Trench 0.30 0.70 8.36 8.00 8.72 0.95 0.70 1.20
74  Minahassa Trench 0.30 0.70 8.39 7.90 8.89 0.95 0.70 1.20
75 Seram Trough 0.30 0.70 8.50 8.00 9.04 0.95 0.70 1.20
76  Timor 0.30 0.70 8.00 7.50 9.38 0.95 0.70 1.20
77 Manokwari Trench 0.30 0.70 8.12 7.60 8.64 0.95 0.70 1.20
78  Halmahera 0.30 0.70 8.33 8.30 8.35 0.95 0.70 1.20
79 Kepulauan Sangihe 0.30 0.70 8.39 8.30 8.47 0.95 0.70 1.20
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Table 3.2 Compilation of published subduction interface zone b-values.
“Bayrak” values are from Bayrak et al. (2002), “Hayes” values were calculated by Gavin Hayes (USGS) as part of this GEM exercise, and the superscripts on the b-values in the “other”
column refer to the following papers: ‘Power et al,( 2012); ’Cao and Gao (2002), *Suckale and Griinthal (2009); “Ghosh et al. (2008), *Bird and Kagan (2004) (which uses all shallow

seismicity including plate-bending earthquakes); ®Molchan et al. (1997) (note on Molchan et al. (1997); we use the b-values determined from mainshocks only, see their Table 1)

Subduction Zone Bayrak Hayes other
Aleutian Trench 0.63 0.94
Middle America Trench/Mexico 0.58 0.69
Antilles Trench 0.64
Peru-Chile Trench 0.53 0.71
Tonga Trench 0.72 1.21
Kermadec Trench 1.21 1.12*
South Sandwich Trench 0.74 1.48
Hellenic Trench 0.69
Makran Trench 0.78
Sunda Trench (Sumatra-Java) 0.67 0.69
Philippine Trench 0.68 0.84
Nankai Trough/Ryukyu Trench 0.61 0.9
Kurile Trench 0.63 0.81
Japan Trench 0.61 0.81 0.73-0.86°
Mariana Trench 0.68 1.47
New Hebrides 0.6 0.95 0.71°
Solomon Islands/New Britain 0.6 0.95
Costa Rica 0.69 1.06*
Global Subduction Zones 0.96°
Global Subduction zones (<15 km) 0.93°
Global Subduction zones (16-33 km) 0.63°

Global Subduction zones (34-70 km) 0.83°
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4 Discussion and Conclusions

Subduction zone earthquakes release approximately 90% of the long-term seismic moment outside of
collision belts (Bird and Kagan, 2004). Here, we have reported on the development of a globally consistent
characterisation of the world’s subduction plate boundary interfaces. This can be used by seismic hazard
analysts as a basis for generating earthquake event sets for inclusion in earthquake hazard and risk
modelling.

In this report we assess the parameters associated with the plate interface itself and do not include
seismicity within the down-going plate or overriding plate. To accurately estimate the total hazard associated
with subduction zones, one also needs to consider plate-bending earthquakes and earthquakes associated
with deformation of the down-going plate before it enters the subduction zone — so-called ‘outer rise’
events, as well as events occurring in the upper plate. These are outside of the scope of this report.

Using geophysical data, supplemented by the past history of earthquakes in subduction zones, a database
has been developed to derive earthquake event sets on any segment of the globe’s 55,000-km-long
subduction interface zones. We have defined the likely maximum magnitude earthquake that could occur,
the ratio of small to large earthquakes typical of each region (the Gutenberg-Richter b-value), a seismic
coupling coefficient, and the relative plate velocity. Event sets for any subduction zone can then be created
from these, consistently-derived, simple parameters.

The maximum magnitude of each subduction zone is based on its total length (McCaffrey, 2008). If the total
length of the subduction zone exceeds what can realistically rupture with the generally accepted maximum
magnitude around Mw 9.6 (e.g., Kagan and Jackson, 2013; Rong et al., 2014) then the Mmax is capped at
this. When implemented, we propose that the earthquake event sets should ‘float’ along the whole
subduction zone in the manner developed by Parsons et al. (2012) for the Nankai Trench in Japan, with the
moment rate balanced against the convergence rates, coupling coefficients.

In this database we have defined suitably large uncertainties to encompass the plausible range of values to
the input parameters and thus envelope the hazard posed by the subduction interface seismic zones. The
database thus derived suggests that earthquakes above Mw 9 could be expected in as many 50% of the
global subduction zones and their possible segments, consistent with the growing awareness that the historic
period has been too short to accurately characterise the largest earthquakes on many of the subduction
interface zones worldwide.
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APPENDIX A Definition of Database Parameters

Subduction Zone: Name of subduction zone

Segment: Name of segment of the subduction zone. Note that these segments are not necessarily intended to
represent rupture segments. They are largely chosen where a change in plate motion rate and azimuth undergoes
a change, due to a change in the plate pairs that are juxtaposed at the boundary. The main exception to this is
Alaska, where we define segments similar to the most recent USGS seismic hazard model for Alaska (Wesson
etal., 2007).

Plate pairs: These are the plate pairs used in the calculation of convergence rate and azimuth on the subduction
zone. In all cases, except where specified with an asterisk (*) in Table 3.1 the plate abbreviations conform to the
tectonic model of Bird (2003), referred to as PB2002 for the remainder of these notes. Where there are
exceptions, we detail those within the supplementary notes.

Left_E_LONG, Right_E_LONG: The longitude of the left- and right-hand sides (respectively) of the trench for the
segment in this row. NOTE: The left and right hand endpoints of the trench are defined with an arbitrary
convention such that when the subduction zone is rotated so that the trench is at the bottom, the volcanic arc is at

the top, and the subducting plate moves relatively upward on the map.

Left_N_LAT, Right_N_Lat: The Latitude of the left- and right-hand sides (respectively) of the trench for this
segment.

Left_REL_VEL, Right_REL_VEL: Horizontal relative plate velocity in mm/yr, on the left- and right-hand sides
(respectively) of the trench, using the Plate pairs described in the Plate pairs column of Table 3.1. Unless otherwise
noted (in the following notes) these relative plate velocities are derived from PB2002. If a source other than
PB2002 is used, we detail the source in these notes.

Left_REL_AZI, Right_REL_AZI: Azimuth of relative plate convergence (on the left- and right-hand sides,
respectively) assuming a fixed overriding plate. Azimuths are listed in degrees clockwise from local north. Unless
otherwise noted in Appendix B these relative convergence azimuths are derived from PB2002. If a source other
than PB2002 is used, we detail the source in these notes.

Length: Distance along trench between segment endpoints (in km).

Dip: Average dip angle for the seismogenic portion of the segment. Unless otherwise noted (see additional notes
in Appendix B), the dips are determined from Hayes et al. (2012) database of global subduction zone geometries.
Where we have no information about the dip angle, we use a default value of 15°.

Trench depth: Vertical distance (in km) of the trench from mean sea level.

Up-dip depth (Pref, Min, Max): Vertical distance (in km below sea level) to the up-dip limit of seismic rupture on
the subduction interface (with preferred, minimum, and maximum values). In all cases, we use the intersection of
the trench with the Earth’s surface as a default “Up-dip depth-min” estimate, to account for the possibility that
rupture to the trench cannot be ruled-out anywhere. We use 5 km below the intersection of the subduction
interface and the seafloor as a default preferred value, and 8 km as a default maximum value where no other
information is available. Where we use values that depart from these assumptions, we explain our choices in
these notes. Where possible we use depths below sea level derived from Hayes et al. (2012) database of global
subduction zone geometries.



Down-dip depth (Pref, Min, Max): Vertical distance (in km below sea level) to the down-dip limit of seismic
rupture on the subduction interface (with preferred, minimum, and maximum values). For subduction zones
where we do not have knowledge of this, we assume a default value of 35 + 10 km. Where we use a value that
departs from this assumption, we justify this in these notes. Where possible we use depths below sea level
derived from Hayes et al. (2012) database of global subduction zone geometries.

Down-dip width (Pref, Min, Max): is the width along the dip of the interface (in km) of the seismogenic portion of
the subduction interface. This is calculated using the interface dip, up-dip depths, and down-dip depths in previous
columns.

Coupling Coefficient (Pref, Min, Max): is the seismic coupling coefficient (preferred, minimum, and maximum
values) for the subduction interface segment. Coupling coefficient is the proportion of relative plate motion that
will be eventually accommodated as seismic slip. Ideally, this is best determined from the knowledge of historic
and prehistoric subduction interface ruptures, but the short records for most subduction zones do not allow a
meaningful determination in this fashion. Therefore, where the megathrust locking ratio (the ratio of slip deficit
rate to plate convergence rate) is available from interpretation of geodetic measurements (see Appendix B for
delineation of which margins geodetic coupling estimates are available for), we use this value as a proxy for the
seismic coupling coefficient. We are mindful of the fact that the physical meaning of the locking ratio and its
relationship with the long-term seismic coupling coefficient is still uncertain, but we are not aware of other, better
ways of defining the coupling coefficient at present. For each subduction zone we outline the sources of data used
for the choice of coupling coefficients. At many subduction zones, it is not possible to determine coupling
coefficients, either due to a lack of geodetic data, and/or a lack of sufficient historical seismicity data. We assign
reasonably large uncertainties to those coupling coefficients. For subduction zones where the coupling coefficient
is highly uncertain, we use a default value of 0.5 + 0.2. We also do not allow the maximum coupling coefficient for
any subduction zone to be less than 0.7, even when independent data (geodetic, historical seismicity) exists to
help constrain this. This is to help incorporate our current lack of understanding of the relevance of contemporary
estimates of coupling (from geodetic and historic seismicity studies) to the long-term subduction plate interface
earthquake behaviour.

Mmax (Pref, Min, Max): the Maximum Magnitude earthquake expected for the subduction segment. For all
segments, we assume a default maximum Mmax based on rupture length of the entire segment (or combination
of segments), using the relationship between segment length and magnitude in McCaffrey (2008). The minimum
Mmax value is taken as the largest earthquake observed in the historical record on that segment. For the
preferred value, we take the average of the minimum and maximum Mmax values. For subduction zones where
little or no seismicity or paleoseismological data exist to constrain Mmax, we generally assume 7.5 as a minimum
Mmax. For all magnitudes discussed here, we use the moment magnitude scale of Hanks and Kanamori (1979).

b-value (Pref, Min, Max): Our understanding of b-values at subduction megathrusts is incomplete, and estimates
from individual subduction zones range from ~0.6 to >1.2 (see Table 3.1). To encompass this uncertainty, we
assume a minimum b-value for all subduction zones of 0.7, and a maximum of 1.2. In cases where published
studies have estimated b-values that are less than 0.7, or exceed 1.2, we use the published values to inform
the minimum or maximum value in our table.



APPENDIX B Additional notes on parameter choices for specific
subduction zones/segments

*Note that the subduction zones/segments are not necessarily ordered in an identical manner as Table 3.1.

B.1 Alaska/Aleutian

Most of the parameter values we use in the spreadsheet are derived from Wesson et al. (2007). However,
the coupling coefficients, dips, and down-dip limits for the Shumagin, Semidi, and Kodiak segments are
derived directly from geodetic studies of Fournier and Freymueller (2007; their fault planes 3 and 4 combine
to form the Shumagin segment, while plane 2 is the Semidi segment and plane 1 is the western part of the
Kodiak segment). For the maximum down-dip limit we assume the maximum value in Wesson et al. (2007),
and for the Kodiak and Semidi segments we assume a sigma on the coupling coefficient of 0.1. For the Prince
William Sound segment, we base the minimum and maximum seismogenic depths (and their uncertainties)
on the Mw 9.2 1964 Prince William Sound earthquake. Due to this segment’s propensity to produce
megathrust earthquakes Mw > 9.0, we assign a high coupling coefficient for this segment as well. Note that
the segments are largely defined for kinematic and plate boundary geometry purposes; multiple segment
rupture is possible and will be considered in any model.

The Wesson et al. (2007) report precedes the recent subduction margin studies which entertain the
possibility of larger earthquakes than has been observed historically (e.g., McCaffrey, 2008). Therefore, in
this report, we suggest it is prudent to allow for the possibility of larger ruptures than have occurred
historically, which largely forms the basis of the Wesson et al. (2007) study. We indicate this in Table 3.1 as
‘whole margin’ rupture, but in fact the total length of the margin is longer than reasonably associated with
the upper bound Mmax of 9.6. Therefore, we recommend that hazard analysts consider a logic tree approach
and provide some weight to a model where earthquakes up to Mw 9.6 could occur anywhere along the
Alaska-Aleutian subduction zone, and event sets respect the available seismic moment noting variation in
coupling coefficient, convergence rates and small variation in b-value along the length of the subduction

zone.

B.2 Cascadia

For down-dip depth and Mmax, we use values consistent with Frankel and Petersen (2007), and references
therein. Based on geodetic evidence for high interseismic coupling coefficients on the megathrust (relevant
studies discussed in Frankel and Petersen, 2007), we assign a high coupling coefficient (0.8 + 0.1).

B.3 Japan

The coupling coefficients and seismogenic depths are based on interseismic modelling of geodetic data
(Nishimura et al., 2004a; Hashimoto et al., 2009), and the updip limit and minimum Mmax values are based
on the recent Mw 9.0 Tohoku earthquake.



B.4 Kanto

The coupling coefficients and down-dip limit of the seismogenic zone are based on interseismic modelling of
geodetic data (Nishimura et al., 2007), and the maximum rupture depth of the 1923 M 7.9 Kanto earthquake
(e.g., Wald and Somerville, 1995). The minimum Mmax value is based on the estimated M 8.0 Genroku
earthquake in 1703.

B.5 Nankai

The down-dip limit of the Nankai Trough seismogenic zone is based on models of rupture in previous great
earthquakes there (Ando, 1975; Sagiya and Thatcher, 1999) and models of interseismic coupling (lto and
Hashimoto, 2004). High coupling coefficients are justified on the basis of the interseismic coupling models
from GPS and the large amount of plate boundary slip required in historic great earthquakes at the Nankai
Trough. The minimum Mmax (8.5) is based on the largest historic events observed at the Nankai Trough,
which involved simultaneous rupture of all segments of the Nankai Trough in a single event (Ando, 1975).

B.6 Kurile

Due to the propensity of this subduction zone to produce Mw 8.0 -9.0 earthquakes, we assign a high coupling
coefficient. A minimum Mmax of 9.0 is used based on the largest historical earthquake on this subduction
zone (the 1952 earthquake). However, due to the great length of this subduction zone, it certainly may be

capable of generating larger events.

B.7 Ryukyu

Despite the very high convergence rates at the Ryukyu Trench (up to 130 mm/yr) no large historical
earthquakes have occurred here (e.g., larger than Mw 8.0). Thus, we assign a relatively low coupling
coefficient to the Ryukyu Trench. GPS measurements from Kyushu and the Ryukyu arc also suggest little or
no interseismic coupling on the Ryukyu Trench (Nishimura et al., 2004b; Wallace et al., 2009a), although this
is particularly difficult to resolve for most of the Ryukyu Trench due to the distance of land-based geodetic
studies from portions of the thrust that could undergo interseismic locking (Ando et al., 2009). The largest
historic earthquake thought to be on interface occurred in 1911 and is estimated to be M 8.0 (Utsu, 1989).
The upper plate is rifted continental margin crust so we also include a relatively shallow down-dip limit to the
seismogenic zone.

B.8 lzu-Bonin

No historic earthquakes larger than Mw 7.2 have been observed on the Izu-Bonin Trench. Due to the lack of
significant historical subduction thrust events (and a prevalence of more frequent moderate magnitude
events), we assign a low coupling coefficient (0.2 £ 0.1).



B.9 Mariana

No historic underthrusting earthquakes larger than Mw ~7.2 have been observed along the Mariana Trench.
Due to the lack of significant historical subduction thrust events (and a prevalence of more frequent
moderate magnitude events), we assign a low coupling coefficient (0.2 + 0.1).

B.10 North Yap, and Palau/South Yap

Little is known about the seismogenic potential of these trenches. We assign similar values as for the Izu-
Bonin-Marianas Trench. Convergence rates used are from DeMets et al. (2010), which has a more up to date
Philippine Sea Plate model.

B.11 Hikurangi

The parameters for the Hikurangi subduction zone are largely derived from Wallace et al. (2004a; 2009b) and
from the inputs for the Hikurangi subduction source to the updated New Zealand national seismic hazard
model (Stirling et al., 2012). Although we treat the Hikurangi Trough as a single source in this spreadsheet, in
the New Zealand seismic hazard model, it is treated as 3 segments, where the southern Hikurangi segment
has a higher coupling coefficient than the central and northern segments. For the purposes of this study, we
average the coupling coefficients over the length of the margin. The Mmax preferred is based on a plausible
scenario where rupture of the entire southern Hikurangi segment occurs, which is currently interseismically
coupled over a large area. The maximum Mmax is based on a scenario where rupture of the entire Hikurangi
margin occurs in a single event, which would produce an Mw ~9.0 (Wallace et al., 2009b; Stirling et al., 2012).
Convergence rates at each end of the trench are derived from the relative motion between the forearc
blocks of the Hikurangi margin relative to the subducting Pacific Plate (Wallace et al., 2004a, 2009b).

B.12 Kermadec

Most of the values for the Kermadec Trench are taken from Power et al. (2011). The convergence rates at the
Kermadec Trench are for the Kermadec Arc relative to the Pacific Plate, and are based on elastic block
modelling of a GPS velocity from a site in the Kermadec Islands (Raoul Island) and earthquake slip vectors and
transform orientations from events on the Kermadec Trench and in the Havre Trough (respectively) (Power
et al., 2011). The preferred down-dip limit of rupture and the maximum coupling coefficient (0.8) are based
on the depth of interseismic coupling on the megathrust in the Kermadec Islands (locking on the down to 30
km depth is required to fit GPS data from Raoul Island) (Power et al.,, 2011). We use a lower preferred
coupling coefficient (0.3), given the possibility that the coupling observed from GPS data at Raoul Island is
not representative of coupling on the Kermadec Trench elsewhere. The dip is based on the average dips of
the interface estimated from seismic surveys of the Kermadec Trench (Scherwath et al., 2008). The minimum
Mmax of 8.1 is based on the estimated magnitude of the largest historical event on the Kermadec Trench,
occurring in May 1917 (see Power et al., 2011).

B.13 Tonga

The convergence rates we prescribe for the Tonga Trench reflect motion between the Tonga arc and the
subducting Pacific plate; these are based on results from elastic block modelling of GPS velocities and
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earthquake slip vectors (Wallace et al., 2005). Despite the very high convergence rates at the Tonga Trench
(up to 250 mm/yr) no earthquakes larger than Mw 8.0 have occurred here and abundant Mw 6.0-8.0 events
have occurred on the subduction interface. Thus, we assign a relatively low preferred coupling coefficient to
the Tonga Trench. The largest historical earthquake on the Tonga Trench was an Mw 8.0 in 2009 (Beavan et
al., 2010b; Lay et al., 2010), so we use this as a minimum Mmax value, given that the historical record is short
and it is likely that earthquakes larger than Mw 8.0 are possible.

B.14 Puysegur

The Mw 7.8 Dusky Sound earthquake in July 2009 is the largest subduction thrust event recorded at the
Puysegur Trench. We base our preferred down-dip rupture limits on GPS observations that show slip down to
35 km depth in the event (Beavan et al., 2010). We use an upper limit on the rupture depth of 45 km, where
postseismic slip was observed following the 2009 earthquake (Beavan et al., 2010a). For the minimum Mmax
value, we assume Mw 7.8 based on the Dusky Sound earthquake. High interseismic coupling was observed
on the Puysegur Trench in the region of the Dusky Sound earthquake prior to that event (Wallace et al.,
2007), so we assume a relatively high coupling coefficient, but acknowledge that this has a large uncertainty
due to the short historical record and the lack of geodetic coverage above much of the Puysegur subduction

zone.

B.15 Hjort

Subduction of the Macquarie Plate beneath the Pacific Plate is accommodated at the Hjort Trench. Relative
motion between the Macquarie Plate and the Pacific Plate is low, and we use the estimates of DeMets et al.
(2010). Meckel et al. (2005) divide the trench into two portions: Northern Hjort (55.5°S-57.5°S) and Southern
Hjort (57.55-59.5S). Meckel et al. (2003) postulate a low angle oblique-slip fault at the Hjort Trench (between
55-58°S), dipping ~ 10°, at least down to 10 km (based on gravity data and seismic reflection data). Below 10
km, it is likely that the geometry of the fault steepens. At the southernmost part of the Hjort trench (59.5 deg
S), Meckel et al. (2003) suggest that the Trench likely steepens (to ~45°). We assume 22°average dip to
encompass this range of steep to shallow dip values. Meckel et al. (2003; 2005) suggest that there has only
been a small amount of underthrusting of the Macquarie Plate, so we restrict the down-dip limit of any
ruptures to ~20 km depth. Very little historical seismicity has been observed in the region of the Hjort
Trench, with no events larger than Mw 7.2.

B.16 Northwest Solomon

This segment comprises the eastern end of the New Britain Trench adjacent to Bougainville, and north of the
triple junction between the Woodlark, Pacific, and Australian Plates. Clusters of Mw 7.3-8.1 earthquakes
have been observed in the northwest Solomons approximately every 30 years for the last century (Lay and
Kanamori, 1980). More recently, the 2007 Mw 8.1 earthquake ruptured the southern half of this segment (as
well as the northern part of the San Cristobal Trench, south of the triple junction.) We define a minimum
Mmax of 8.1, consistent with historical seismicity. We use relatively high coupling coefficients for this
subduction source (0.7 = 0.1) based on the large (Mw >8.0) that occur along this trench on a relatively
regular basis.
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B.17 Southeast Solomon

This segment comprises the San Cristobal Trench, east of the triple junction between the Woodlark, Pacific,
and Australian Plates. The eastern boundary of this source is where a 90° turn is taken in the orientation of
the trench near Vanuatu. Overall, we use similar values for this subduction segment to those used for the
northwest Solomons. Possibilities for simultaneous rupture across northwest and southeast Solomons
segments must also be accounted for, as was observed to occur during the 2007 Mw 8.1 earthquake (Taylor
et al., 2008a).

B.18 New Hebrides

The New Hebrides Trench is divided into four segments, northern, central, southern, and the Matthew-
Hunter segment. Scenarios involving rupture across the first three segments should be considered. The
relative motion at the New Hebrides trench is determined by elastic block modelling of GPS velocities and
earthquake slip vectors (Power et al., 2011). The relative motion at the central and southern New Hebrides
segments are the New Hebrides forearc/arc blocks relative to the subducting Australian Plate, while the
relative motion at the Matthew-Hunter segment reflects the motion of the Matthew and Hunter Islands
relative to the Australian Plate. The northern segment reflects motion between the Australian and Pacific
Plates. GPS models of interseismic coupling suggest deep, high interseismic coupling along the northern New
Hebrides segment, while interseismic coupling appears lower on the southern New Hebrides segment. The
degree of interseismic coupling on the Matthew Hunter segment is not well-resolved. We use the down-dip
limit of interseismic coupling on the central New Hebrides segment (Power et al., 2011) to define our
preferred down-dip limit in that area. We make the down-dip limit on the southern and northern segment
slightly shallower due to the lack of geodetic evidence for deep interseismic coupling. Much of the upper
plate for the Matthew Hunter segment is recently rifted oceanic crust (related to north Fiji Basin
development), so the depth to the down-dip limit of possible rupture is likely to be lower than for the north
and south New Hebrides segments. Using subduction thrust events on the Matthew Hunter segment, Power
et al. (2011) estimate a b-value of 0.74, which we use as the minimum value for this segment. The largest
historical earthquake on the Matthew Hunter segment (in 1901) is estimated at Mw 8.4, although the data
are somewhat ambiguous (see review in Power et al., 2011), so we use this for our preferred Mmax value
and Mw 8.0 as our minimum Mmax value. The Mmax in a PSHA model developed for Vanuatu (Suckale and
Grunthal, 2009) is Mw 8.3 for the northern segment, and Mw 7.6 for the southern segment. These Mmax
values are based on historical data, so we adopt these as our minimum Mmax value. The slab is difficult to
define in the Matthew Hunter segment due to the relatively lower level of seismicity there, so we adopt an
average dip of 28° for the Matthew Hunter segment, following the slab geometry model developed by Power
et al. (2011).

B.19 New Britain

We consider the western end of the New Britain Trench as the point where the Ramu Markham Fault goes
offshore near Lae, Papua New Guinea. The eastern end is the cusp in the New Britain Trench where it bends
strongly to the southeast near 153°E. Convergence rates at the New Britain Trench reflect motion of the
Woodlark Plate relative to the South Bismarck Plate using poles of rotation from Wallace et al. (2004b). This
subduction zone is very seismically active, with frequent moderate to large events. The largest historical
subduction interface earthquakes that have occurred on the New Britain Trench have been Mw ~8.0 (e.g.,
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Park and Mori, 2007), so we use this as our minimum Mmax estimate. Due to the occurrence of some
subduction thrust events down to ~40 km depth (Park and Mori, 2007) we use this as the preferred down-dip
limit of seismogenic zone. Due to the similarities in the level of seismicity and tectonic setting as the San
Cristobal Trench offshore the Solomon Islands, we use the same coupling coefficients.

B.20 New Guinea

The eastern half of the New Guinea Trench accommodates southwest subduction of the Pacific, North
Bismarck, and/or Caroline Plates (note that the motion of all three plates is very similar) beneath the north
coast of the island of New Guinea. To determine the rate of convergence on the eastern half, we use the pole
of rotation of the Pacific Plate relative to the New Guinea Highlands (NGH) plate from Wallace et al. (2004b).
The relative motion in western half of the New Guinea Trench reflects motion between the Caroline Plate
and the Bird’s Head Block (e.g., Bird, 2003). We thus divide the New Guinea trench into two segments
reflecting this. The largest historic event on the eastern part of the New Guinea Trench was Mw 7.6 in 2002
(Tregoning and Gorbatov, 2004), while the largest historic event on the western segment was the Biak
earthquake in 1996 (Mw 8.2). The shallow geometry of the slab subducting at the New Guinea Trench is not
well known. We assume a 30 km maximum down-dip limit for seismogenesis, and an average dip of 15°.

B.21 Manus (east and west)

The Manus trench accommodates very slow southward subduction of the Pacific and Caroline Plates beneath
the north Bismarck Plate. Very little is known about the seismogenic potential of this feature, and whether or
not it is truly a subduction zone. Thus, we largely use default values to parameterize this source. In absence
of any major historical subduction thrust earthquakes on this trench, we assume a minimum Mmax of 7.5
here.

B.22 Andaman

We base many of our Andaman source parameters on geodetic and seismological studies of coseismic slip in
the 2004 Mw 9.0-9.3 earthquake that ruptured along much of the Andaman Trench. The 2004 earthquake is
the largest earthquake documented along the Andaman trench. We assign the northern and southern
boundaries of this source coincide with the limits of rupture in the 2004 earthquake. We assume average
dips (14°) and widths (~¥150 km), and depths (~40 km) of the source that are consistent with GPS studies of
coseismic deformation in the earthquake (Subaraya et al., 2006). Based on the large tsunami produced in this
event, we assume the updip limit of rupture to be within 2 km seafloor, with a maximum value of 5 km
depth. We also assume a relatively high coupling coefficient, given the proven ability of this trench to
produce large slip that helps to accommodate a major proportion of the plate motion budget.

B.23 Sumatra

Abundant seismological, paleoseismic and geodetic data (see reviews in Subaraya et al., 2006; McCaffrey,
2009; and Prawirodirdjo et al., 2010) exist to help constrain the source we use for the thrust accommodating
subduction of the Indo-Australian Plate beneath Sumatra. The largest observed historical earthquake on this
source segment was a Magnitude 9.0 in 1833, which we use as a minimum estimate for our Mmax.
Depending on the geometry of the subduction thrust, maximum interseismic coupling depths (and we



assume maximum rupture depths) are 25-50 km depth (Prawirodirdjo et al., 2010). Interseismic coupling
values from geodetic studies are close to one, so we assume high interseismic coupling for this segment in
this study.

B.24 Java

The largest historic subduction thrust events to occur at the Java Trench were the 1994 and 2006 Mw 7.8
earthquakes (Abercrombie et al., 2001; Ammon et al., 2006), the former caused a much larger tsunami than
expected from its magnitude. The main slip in the 1994 earthquake occurred at ~20 km depth, which we
assume as a minimum estimate for the down-dip limit of slip in earthquakes on this segment. We assume a
slightly deeper depth (25 km) as our preferred down-dip limit estimate, and account for the possibility that
even deeper rupture could occur (by assuming a maximum down-dip limit of 40 km). Much of the Java
Trench is thought to be dominated by aseismic creep, rather than deep interesismic coupling (in contrast to
Sumatra), so we assume a low coupling coefficient for this source. Fujii and Satake (2006) estimate very
shallow propagation of the 2006 rupture, based on interpretation and modelling of tsunami observations
from that event, justifying our choice of a shallow updip limit for the seismogenic zone.

B.25 Calabria

Most geometric and kinematic parameters of this source are drawn from the European Database of
Seismogenic Faults (EDSF) (Basili et al., 2013a) and literature review by Basili et al. (2013b). According to GPS
velocities and current plate models, relative motion between the subducting Africa plate and the European
plate at the Calabria margin results in a convergence rate of 2-5 mm/y (D'Agostino and Selvaggi, 2004; Devoti
et al., 2008; Serpelloni et al., 2010; D’Agostino et al., 2011). Very little is known about the seismogenic
potential of the slab interface in the Calabrian arc. We largely use default seismic values for this source.
However, there was a historic earthquake in 1905 with Mw 7.1, doubtfully associated with the subduction,
which we take as the lower end of our Mmax range.

B.26 Hellenic

Most geometric and kinematic parameters of this source are drawn from the EDSF (Basili et al., 2013 a) and
literature review by Basili et al. (2013b). According to GPS velocities and current plate models (e.g., Reilinger
et al., 2006; Ganas and Parsons, 2009), in the western part of the arc relative motions result in a convergence
rate of 35 mm/y. In the eastern part, where relative plate motion is oblique, the lateral component is of
about 10 mm/y. GPS velocities of the Aegean plate progressively decrease toward the northwest, where the
subduction zone approaches its lateral termination in the lonian Islands (Hollenstein et al., 2008). Very little
is known about the seismogenic potential of the Hellenic subduction zone from the instrumental period.
Much controversy exists over whether or not this subduction thrust is dominated by aseismic creep (Reilinger
et al., 2006; Shaw and Jackson, 2010) or if it has a very high coupling coefficient (Ganas and Parsons, 2009).
Thus, we assume a broad range of possible coupling coefficients. Shaw and Jackson (2010) observe shallowly
dipping thrust events on or near the interface between 15 km and 45 km depth, so we assume 45 km depth
as our preferred down-dip limit of the seismogenic zone. Some studies suggest that a magnitude 8.4
earthquake that caused uplift at Crete in AD 365 occurred on the subduction interface (Ganas and Parsons,
2009), while others suggest that it was on an upper plate fault (Shaw and Jackson, 2010). If this event
occurred on the subduction interface, the maximum rupture depth would have been 68 km, which we



assume as a constraint for the down-dip limit of the seismogenic zone. We use the AD 365 possible
subduction thrust event as our preferred Mmax. A magnitude 8.0 earthquake in eastern Crete in 1303
(Guidoboni and Comastri, 1997), could also be thought to represent rupture of the subduction interface. Also
note the shallow portion of the Hellenic Trench dips at a very low angle.

B.27 Cyprus

Most geometric and kinematic parameters of this source are drawn from the EDSF (Basili et al., 2013a).
According to GPS velocities and current plate models, relative motions result in an orthogonal convergence
of about 18 mm/y (Reilinger et al., 2006) or 14 mm/y in the western part of the arc, decreasing eastwards to
7-9 mm/y, where relative motion becomes oblique (Wdowinski et al., 2006). The Paphos Fault is thought to
accommodate about 10 mm/y of differential velocity between the eastern and western segments of the arc.
Little is known about the subduction thrust earthquake potential of the Cyprus Arc, so we largely use default
seismic values here. However, the largest historic earthquakes in the Cyprus area thought to have occurred
on the subduction thrust are the 342 AD and 1222. Magnitude estimates vary a lot for both, Mw 6.6 to 7.4
for the first one (Guidoboni et al., 2007; Cagnan and Tanircan, 2010) and Mw 6 to 7.5 for the second
(Guidoboni et al., 2007; Guidoboni and Comastri, 2005; Yolsal et al., 2007). We use the largest (Mw=7.5) of
these estimates as our minimum value for Mmax.

B.28 Makran

The largest subduction thrust event on the Makran Trench was an Mw 8.1 in 1945 that triggered a large
tsunami, killing up to 4000 people (Heidarzadeh et al.,, 2008). Vernant et al. (2004) show from GPS
measurements that convergence rates at the Makran Trench are 19.5 + 2 mm/yr. Seismic reflection profiles
across the Makran Trench show a dip angle between 2 and 8° (Koppa et al., 2000; Schluter et al., 2002), so
we assume an average dip of 8°, which is at the upper end of this range to also account for the possibility
that the slab steepens up with depth (beyond the range of seismic reflection imaging). The Makran system
has a very thick incoming sedimentary package (up to 7 km thick; Koppa et al., 2000), and the trench is not
well-defined morphologically (Schluter et al.,, 2002), so we assume a somewhat deeper updip limit of
seismogenic rupture compared to other places. Following the overview of historical seismicity at Makran in
Heidarzadeh et al. (2008), we assume 35 km as a preferred down-dip limit of the seismogenic zone.

B.29 Ecuador/Columbia segment of the Andean margin

The largest historical earthquake in this segment was an Mw 8.8 in 1906 (see review in Bilek, 2010). We
assume relatively high coupling coefficients for all of the Andean margin segments, due to the seismically
productive nature of this subduction system.

B.30 Peru segment of the Andean margin

The largest historical earthquake in this segment was an Mw 8.4 in 2004 (see review in Bilek, 2010).

B.31 Northern Chile segment of the Andean margin

The largest historical earthquake in this segment was an Mw 8.6 in 1906 (see review in Bilek, 2010).
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B.32 Central Chile segment of the Andean margin

The largest historical earthquake in this segment was an Mw 9.5 in 1960 (see review in Bilek, 2010; Cifuentes
and Silver, 1989). Using the length limited approach to assessing the maximum possible Mmax, we also
calculate 9.5.

B.33 Patagonia (north and south segments)

The convergence rates at the far southern end of the Chile Trench are much slower (10-20 mm/yr) compared
to further north. No significant historical seismicity has occurred on this segment of the Chile Trench. This
may be due to the low convergence rates in the segment of the subduction zone, and we cannot rule out the
possibility that large subduction thrust earthquakes occur here. Due to our lack of knowledge about the
behavior of the subduction thrust in this portion of the Andean margin, we largely use default values and
assume a minimum Mmax of 8.0.

B.34 South Shetland Islands

Very little is known about historical seismicity at this subduction zone. Convergence rates are very low at this
trench (<10 mm/yr; Taylor et al., 2008b), so the historical record is not likely to be representative of the
seismogenic potential of this subduction margin. Due to our lack of knowledge about the behaviour of this
subduction zone, we largely assign default values.

B.35 South Sandwich

Very little is known about the potential for large subduction thrust earthquakes subduction zone.
Convergence rates are reasonably high (70-90 mm/yr) and historical subduction thrust earthquakes larger
than Mw 7.0 have rarely been observed here, leading some to suggest that subduction here is largely
aseismic (Frankel and McCann, 1979). The exception is the far southern end of the trench (south of 59°S),
where earthquakes up to Mw 7.4 have been observed (Frankel and McCann, 1979). Based on this, we assign
a low preferred coupling coefficient (0.2 + 0.1) to this subduction source. Due to our lack of knowledge about
the behaviour of this subduction zone, we largely assign default values to the other parameters.

B.36 Jalisco segment of Middle America

The largest historic subduction thrust event to rupture this portion of the Middle America Trench was the
1932 Mw 8.2 earthquake. More recently, an Mw 8.0 earthquake occurred on this segment of the Middle
America Trench in 1995. Slip in the 1995 earthquake was largely focused shallower than 20 km depth, so we
assume 25 km depth as our maximum down-dip limit of rupture. Interpretation of GPS velocities from the
Jalisco region can fit the data assuming 50% coupling coefficient on the Middle America Trench (Selvans et
al., 2010), so we assume 0.5 + 0.2 for our coupling coefficient.

B.37 Michoacan to Guatemala portion of Middle America

A well-documented array of historical subduction thrust earthquakes have occurred on this portion of the
Middle America Trench. Based on the distribution of those events (see overview of previous studies in
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Pacheco and Singh, 2010) as well as observations of interseismic coupling and slow slip events in the Oaxaca
and Guerrero regions, we assign a preferred down-dip limit of coupling as 25 + 5 km. The largest historic
earthquake on this segment was an Mw 8.0 in 1985. In general, the down-dip limit of rupture in these
historical earthquakes is ~25 km, and slow slip event behaviour appears to occur down to ~35-40 km depth
(Larson et al., 2004). Due to the high seismic productivity of this portion of the Middle American Trench, and
high interseismic coupling estimates from campaign GPS (Larson et al., 2004) we assume a coupling
coefficient of 0.7 £ 0.2.

B.38 Middle America — El Salvador to Nicaragua

This portion of the Middle America Trench frequently experiences moderate sized subduction thrust
earthquakes (Mw 6.0-7.4), but rarely experiences really large earthquakes. The 2 September 1992 (Mw 7.6)
Nicaragua tsunami earthquake established the potential for shallow rupture to the trench. There is a
suspected M 8 subduction thrust event in 1915 (Ambraseys and Adams, 2001). GPS data suggest that if
interseismic coupling occurs on this portion of the Middle America Trench it must be shallow (<20 km depth,
La Femina et al., 2009) and that the coupling ratio is likely to be low. Thus, we assume a down-dip limit to the
seismogenic zone of 2045, and 0.3 for the preferred coupling coefficient.

B.39 Middle America — Costa Rica to west Panama

This segment of the Middle America Trench produces Mw 6-7.5 earthquakes on a regular basis,
approximately every decade or so. The largest historic subduction thrust event on this portion of the trench
was a Mw 7.7 earthquake beneath the Nicoya Peninsula in 1950. GPS studies of interseismic coupling
(Norabuena et al., 2004; LaFemina et al., 2009) on the Middle America Trench suggest interseismic locking
down to 20 km depth, and possibly deeper in some places. LaFemina et al. (2009) obtain an average
interseismic coupling coefficient of 0.5.

B.40 Lesser Antilles

Subduction of North America beneath the Caribbean Plate occurs at the Antilles Trench. Little is known about
the seismogenic potential of this feature, and the largest historic subduction thrust event is the 1843
Magnitude 7.5-8.0 earthquake at the northern end of the trench (Bernard and Lambert, 1988). Virtually
nothing else is known about the seismogenic zone geometry and potential for subduction earthquake
occurrence at this subduction zone, so we largely use default values for this source.

B.41 Manila

Galgana et al. (2007) use GPS to estimate low interseismic coupling (near zero) on the Manila Trench, so we
assume a coupling coefficient of 0.15 + 0.1. Results of Beavan et al. (2001) also suggest largely aseismic
deformation on the Manila Trench. Although data on historic subduction interface earthquakes at the Manila
Trench is sparse, Hamburger et al. (1983) noted two large earthquakes in 1934 and 1948 (magnitudes 7.6
and 7.2, respectively), which they suggest could represent interplate thrust events. Given the lack of
significant historic subduction thrust seismicity on the Manila Trench, we know very little about the depth to
the down-dip limit of the seismogenic zone, and other relevant parameters, so we largely use default values
for these.



X

B.42 Philippine

We use the motion of the southeast Luzon block relative to the Philippine Sea Plate from Galgana et al.
(2007) to determine the rate and azimuth of convergence on the Philippine Trench. The largest historic event
on the Philippine Trench was the 1907 M 7.0-7.6 earthquake (Hamburger et al., 1983). Little is known about
the earthquake potential of the Philippine Trench, and published GPS studies in the region of the Philippine
Trench are sparse. However Galgana et al. (2007) see some evidence for elastic strain accumulation on the
northern end of the Philippine Trench and estimate a coupling coefficient of 0.27.

B.43 East Luzon

The east Luzon Trough is the northward continuation of the Philippine Trench, and is thought to be
accommodating incipient subduction of the Philippine Sea Plate (Hamburger et al., 1983). Galgana et al.
(2007) estimate 9-15 mm/yr of convergence at the southern end of this feature. To calculate the rates of
motion on this feature we use the pole of rotation for northeastern Luzon relative to the Pacific Plate from
Galgana et al. (2007). The Luzon Trough seismogenic potential is not well-understood, although there are a
number of historic events with underthrusting focal mechanisms (Hamburger et al., 1983). Seismicity defines
a 20° dipping plate down to ~50 km depth (Hamburger et al., 1983). The largest historical earthquake
thought to be associated with the Luzon Trough was a magnitude 7.3 in 1968 (Hamburger et al., 1983). Due
to our lack of understanding of the Luzon Trough as a subduction earthquake source we use default values
for the other parameters defining this feature.

B.44 Cotabato

This inferred subduction zone accommodates subduction of the Celebes Sea crust beneath southwest
Mindanao, and has generated major earthquakes and tsunami over the last 40 years. The largest historic
event on this feature was the 1976 Mw 8.0 Moro Gulf earthquake, which caused a devastating tsunami in the
region. Although GPS coverage in the southern Philippines is sparse, we use the pole of rotation for
Mindanao relative to Sunda calculated by Galgana et al. (2007) to estimate convergence rates at the
Cotabato Trench. For most of the other parameters, we assume default values due to our lack of detailed
knowledge about this feature. We assume a dip of 15° for the subduction thrust, based on typical dips for

similar subduction zones.

B.45 Sulu

This inferred subduction zone accommodates subduction of the Sulu Basin beneath western Mindanao, and
is thought to have generated a major subduction thrust event in 1897 (magnitude ~8.0). Although GPS
coverage in the southern Philippines is sparse, we use the pole of rotation for Mindanao relative to Sunda
calculated by Galgana et al. (2007) to estimate convergence rates at the Sulu Trench. For most of the other
parameters, we assume default values due to our lack of detailed knowledge about this feature. We assume
a dip of 15° for the subduction thrust, based on typical dips for similar subduction zones.



XIvV

B.46 Minahassa

The Minahassa Trench along the north coast of Sulawesi accommodates subduction of the Celebes Basin
beneath the northern arm of Sulawesi. This feature produces significant subduction thrust earthquakes; the
largest historic event was an Mw 7.9 earthquake in 1996, which was followed by an eastward propagating
sequence of moderate to large subduction thrust events over the following year or two (Vigny et al., 2002).
To estimate convergence rates at the western end of the Minahassa Trench we use Socquet et al.’s (2006)
pole of rotation for the Sunda block relative to the north Sula block. For the eastern end of the Trench we use
Socquet et al.’s (2006) pole for the Manado block relative to the Sunda block. We assume an average dip of
15° for the subduction thrust, based on typical dips for similar subduction zones.

B.47 Seram

The largest historic earthquake in the region was an Mw 8.5 earthquake in 1938. Okal and Reymond (2003)
suggest a thrust mechanism at ~60 km depth. Although Okal and Reymond (2003) suggest that the
earthquake was either within the subducting slab, or within the mantle wedge (due to its depth and the fact
that it is ~100 km from the Seram Trough), we consider the possibility that this event occurred along the
deeper part of the seismogenic zone on the plate interface, so assume this as our preferred Mmax, with a
minimum Mmax of 8.0. Very little else is known about the subduction thrust earthquake potential of the
Seram Trough, so we largely use default values.

B.48 Timor

The Timor Trough is thought to have recently ceased activity due to the impingement of the Australian
continental margin, with most of the relative plate motion transferred onto reverse faults in the back-arc,
such as the Wetar and Flores thrusts. It is not known if this continues to accommodate active tectonic
motion. The historical seismicity on the Timor Trough is very sparse. Due to our lack of knowledge about the
seismogenic potential of the plate interface at the Timor Trough, we largely assign default values, and
assume Mw 8.0 for preferred Mmax, with Mw 7.5 as a minimum Mmax.

B.49 Manokwari

The largest historic underthrusting earthquake at the Manokwari Trench was a Mw 7.6 on 3 January 2009.
Very little else is known about the subduction thrust earthquake potential of the Manokwari Trench, so we
largely use default values.

B.50 Molucca Sea

The largest historic event in this region was the 14 May 1932 magnitude 8.3. Beyond that, we know very little
about the seismogenic potential of this complex region, and resort to default values to parameterize these

sources.



