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A regionalized seismicity model for subduction zones based on geodetic strain-rates,
geomechanical parameters and earthquake-catalog data .
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release that poorly captures the great variability among
subduction megathrust interfaces.

. INTRODUCTION

Megathrust earthquakes account for approximately 90% of the seismic
moment (Pacheco and Sykes, 1992) and 60% of the seismic activity
(Bird et al., 2010) worldwide observed .
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Fig. 1. Hypocentral locations of earthquakes listed in the 1904-2015 ISC_GEM
seismicity catalog.
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Fig. 2. Construction of seismicity models based on interseismic strain rates and
earthquake-catalog data.

Model A: Uncorrected SHIFT_GSRM Seismicity

Forecast

Bird et al.,, (2010) converted the Global Strain Rate Map (GSRM,;
Kreemer et al., (2003) to an indefinite- term earthquake rate model by
applying the hypotheses, assumptions and equations of Bird and Liu
(2007). SHIFT_GSRM assumes that the long-term seismic moment rate
of any large volume of permanently deforming lithosphere scales linearly
with geodetic strain rates as:
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During the 1977-2009.03 period, the uncorrected SHIFT_GSRM model
properly estimates earthquake rates in seismically-active continental
regions. However, it underpredicts seismicity rates in subduction zones
presumably due to the use of inappropriate geometric parameters.
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Fig. 3. Global regionalization schemes designed to divide the crust of the Earth into different §
zones of tectonic styles. Left: The regionalization framework of Kreemer et al. (2002). Right: 5“‘6"
The global regionalization model of Kagan et al., (2010). E
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Fig. 4. Map of subduction zones analyzed in this study to computing regional estimates of
SHIFT_GSRM seismicity, based on the trench segmentation proposed in Heuret et al., (2011).
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Fig. 5. Parameters defining the subduction plate interface seismogenic zone geometry
derived from the distribution of Mw 5.5-7.0 earthquakes. Modified from Heuret et al., (2011).
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Model G: Regional seismogenic thicknesses
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6. Mean regional earthquake parameters computed in this study. Left: We present as circles

weighted elastic shear moduli, and regional seismogenic thicknesses as gray thick bars. Right: We
report mean long-term hybrid coupling coefficients (circles) with their corresponding standard
deviations (thin black bars).
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7. Cumulative distributions of the ratios between observed and predicted seismicity, according to

(Left) retrospective and (Right) pseudoprospective tests. Our periods of observation comprise from 1
January 1977 to 31 December 2014 for calibration and retrospective evaluation and from 1 January
2015 to 31 December 2018 for pseudoprospective testing.

60°N

45°N

30°N [ -

30°s

45°5

100°E 120°E 140°E 160°E 180° 160°W 140°W 120°W 100°W 80°W 60°W
[ T ST ™
- S A :
- 1 ¥a f 60°N
- - 1"' 7 B l.
s “L - F
3 - TG B
gl / 3 z . G
{3 - r ?

» ¢ ~

- = | L.r
e g

45°N

30°N

15°N

15°S

| 30°s

45°5

100°E 120°E

140°E

160°E 180°

160°W

140°W 120°wW 100°W 60°W

10 Il[?.4

10 HAH

lDIIE.[? 10IH.2
EQs / (m? * year)

10 14. 4 1[} 13.6 10 12.8

Fig. 8. Long-term rates of shallow seismicity at or above a magnitude threshold m.> 5.66 in 37

subduction zones, according to the Subduction Megathrust Earthquake Rate Forecast (SMEREF;
Bayona Viveros et al., 2019) model.

IV) CONCLUSIONS AND PROSPECTS

- We show in six progressive steps that the uncorrected SHIFT_GSRM
forecast underestimates earthquake rates in subduction zones mainly due
to the use of a global probability function of seismic moment release, a
homogeneous coupling coefficient and a uniform subduction dip angle,
which poorly characterize seismicity patterns at regional scales.

 Independent prospective, pseudoprospective and prospective tests are
necessary to more reliably describe the capacity of SMERF to properly
estimate subduction-zone seismicity.

* We currently evaluate the impact of SMERF on the development, update
and improvement of hybrid seismicity models, such as the Global
Earthquake Activity Rate (GEART; Bird et al., 2015) forecast.

Fig.

40°E 80°E  120°E 160°E 160°W 120°W 80°W  40°W

10 13.8 10 13.2 10 12.6 10I12.[] lolll.-l 10I1I'I.h' 10 .2 10 9.6
EQs / (m? x year)

9. Global Tectonic Earthquake Activity Model (TEAM) forecast for earthquakes m. = 5.767, based

on SMERF estimates in 37 subduction zones and SHIFT2f (i.e., Bird and Kreemer, 2015) computations
outside of these interface margins.

REFERENCES

Bayona Viveros, J.A., von Specht, S., Strader, A., Hainzl, S., Cotton, F. and Schorlemmer, D., 2019. A Regionalized
Seismicity Model for Subduction Zones Based on Geodetic Strain Rates, Geomechanical Parameters, and
Earthquake-Catalog Data. Bulletin of the Seismological Society of America. doi: 10.1785/0120190034

Bird, P. and Kagan, Y.Y., 2004. Plate-tectonic analysis of shallow seismicity: Apparent boundary width, beta, corner magnitude,
coupled lithosphere thickness, and coupling in seven tectonic settings. Bulletin of the Seismological Society of America, 94(6),
pp.2380-2399.

Bird, P. and Liu, Z., 2007. Seismic hazard inferred from tectonics: California. Seismological Research Letters, 78(1), pp.37-48.

Bird, P., Kreemer, C. and Holt, W.E., 2010. A long-term forecast of shallow seismicity based on the Global Strain Rate Map.
Seismological Research Letters, 81(2), pp.184-194.

Bird, P., Jackson, D.D., Kagan, Y.Y., Kreemer, C. and Stein, R.S., 2015. GEAR1: A global earthquake activity rate model constructed
from geodetic strain rates and smoothed seismicity. Bulletin of the Seismological Society of America, 105(5), pp.2538-2554.

Bird, P. and Kreemer, C., 2014. Revised tectonic forecast of global shallow seismicity based on version 2.1 of the Global Strain
Rate Map. Bulletin of the Seismological Society of America, 105(1), pp.152-166.

Kreemer, C., Holt, W.E. and Haines, A.J., 2003. An integrated global model of present-day plate motions and plate boundary
deformation. Geophysical Journal International, 154(1), pp.8-34.

Kreemer, C., Blewitt, G. and Klein, E.C., 2014. A geodetic plate motion and global strain rate model. Geochemistry, Geophysics,
Geosystems, 15(10), pp.3849-3889.

Ekstrédm, G., Nettles, M. and Dziewonski, A.M., 2012. The global CMT project 2004-2010: Centroid-moment tensors for 13,017
earthquakes. Physics of the Earth and Planetary Interiors, 200, pp.1-9.

Heuret, A., Lallemand, S., Funiciello, F., Piromallo, C. and Faccenna, C., 2011. Physical characteristics of subduction interface
type seismogenic zones revisited. Geochemistry, Geophysics, Geosystems, 12(1).

Kagan, Y.Y. and Jackson, D.D., 2016. Earthquake rate and magnitude distributions of great earthquakes for use in global
forecasts. Geophysical Journal International, 206(1), pp.630-643.

Pacheco, J.F. and Sykes, L.R., 1992. Seismic moment catalog of large shallow earthquakes, 1900 to 1989. Bulletin of the
Seismological Society of America, 82(3), pp.1306-1349.

Ekstrom, G., Nettles, M. and Dziewonski, A.M., 2012. The global CMT project 2004-2010: Centroid-moment tensors for 13,017
earthquakes. Physics of the Earth and Planetary Interiors, 200, pp.1-9.

Heuret, A., Lallemand, S., Funiciello, F., Piromallo, C. and Faccenna, C., 2011. Physical characteristics of subduction interface type

Kreemer, C., Holt, W.E. and Haines, A.J., 2002. The global moment rate distribution within plate boundary zones. Plate boundary
zones, 30, pp.173-190.

Kagan, Y.Y., Bird, P. and Jackson, D.D., 2010. Earthquake patterns in diverse tectonic zones of the globe. Pure and applied
geophysics, 167(6-7), pp.721-741.

ACKNOWLEDGMENTS

This research is funded by both the Consejo Nacional de Ciencia y Tecnologia (CONACYT) and the Deutscher Akademischer
AustauschDienst (DAAD) under the Funding Program Number 57177537.



	Slide 1

