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ABSTRACT 

 

Traditionally, interseismic deformation in subduction zones has been modeled using simple 

elastic dislocation models (EDMs).  Such models have been extensively used over the past 

couple of decades as geodetic networks were being established around the world.  

However, with the availability of 3D (vector) velocity data with dense spatio-temporal 

coverage during the past decade, it becomes possible to explore more complex models of 

deformation.  Such models may allow us to infer higher-order properties of the megathrust 

interface or the subducting plate from the observed deformation field.  For instance, we 

show that it may be possible to infer the elastic plate thickness of the subducting plate (over 

the seismic cycle timescale) under certain conditions, especially if ocean-bottom geodetic 

measurements become routinely available in the near future.  The plate thickness can affect 

surface deformation on the overriding plate if only a small fraction of the flexural stresses 

at the trench are continuously released over the seismic cycle time-scale.  Another problem 

we address here is how the rheology of the megathrust interface affects the evolution of slip 

over the seismic cycle, and therefore, the seismic hazard inferred from geodetic data.  We 

model such slip evolution on a realistic 3D fault surface having a frictional rheology.  

Assuming that seismic rupture zones (or “asperities”) persist across several seismic cycles, 

we test the hypothesis that mechanical coupling on such asperities alone is sufficient to 

explain currently available geodetic observations in northern Japan.  We find that it is not 

necessary to lock large portions of the megathrust between ruptures – unlike recent EDM 

predictions for northern Japan – resulting in potentially large future earthquakes.  Instead, 

post-seismic slip around asperities immediately following seismic rupture can result in 

large “stress-shadow” regions, which experience negligible slip late in the cycle.  Such 

stress-shadow regions can mimic the long-wavelength “locked” zones inferred from EDMs 

for the interseismic period, and account for most of the present day GPS velocities in 

northern Japan.  The approach developed here can be extended to more complex models of 

deformation that include heterogeneities in crustal properties, multiple fault surfaces, and 

perhaps, even multiple rheologies over a single fault.   

 



 v

TABLE OF CONTENTS 

 
C h a p t e r  1  INTRODUCTION........................................................................................................1-1 

References........................................................................................................................................1-11 
C h a p t e r  2  AN ELASTIC PLATE MODEL FOR INTERSEISMIC DEFORMATION IN 
SUBDUCTION ZONES......................................................................................................................2-1 

2.1 Introduction ........................................................................................................................2-1 
2.2 The Elastic Subducting Plate Model (ESPM)...............................................................2-7 
2.3 End-member models of the ESPM..............................................................................2-11 
2.4 Effect of plate flexure on the ESPM surface deformation field .............................2-15 
2.5 Comparison of the ESPM and the BSM surface displacements.............................2-25 
2.6 Elastic stresses and strains in the half-space ...............................................................2-27 
2.7 Discussion..........................................................................................................................2-29 
2.8 Conclusions .......................................................................................................................2-33 
References........................................................................................................................................2-36 

C h a p t e r  3  A SENSITIVITY ANALYSIS OF ELASTIC DISLOCATION MODELS FOR 
INTERSEISMIC DEFORMATION IN SUBDUCTION ZONES..........................................3-1 

3.1 Introduction ........................................................................................................................3-1 
3.2 Transition zones adjoining the locked megathrust ......................................................3-3 
3.3 Inverting geodetic data using the ESPM vs. the BSM ................................................3-8 
3.4 Sensitivity of surface observables to parameterizing the BSM and the ESPM ....3-13 
3.5 Discussion..........................................................................................................................3-24 
3.6 Conclusions .......................................................................................................................3-25 
References........................................................................................................................................... 28 

C h a p t e r  4  MODEL SETUP AND VALIDATION..................................................................4-1 
4.1 Introduction ........................................................................................................................4-1 
4.2 Model visualization ............................................................................................................4-5 
4.3 Megathrust interface geometry & discretization ..........................................................4-6 
4.4 Kernels ...............................................................................................................................4-13 
4.5 Rheology ............................................................................................................................4-22 
4.6 Significant developments over the existing Matlab forward solver, EvolveSlip .....4-24 
4.7 Steps in running a model ................................................................................................4-26 
4.8 Future directions for research and development .......................................................4-28 
References........................................................................................................................................4-30 

C h a p t e r  5  ASPERITY MODEL FOR INTERSEISMIC DEFORMATION IN 
NORTHEASTERN JAPAN................................................................................................................5-1 

5.1 Introduction ........................................................................................................................5-1 
5.2 Summary of the forward modeling approach...............................................................5-3 
5.3 Asperity parameters for the Japan Trench megathrust ...............................................5-6 

5.3.1 Fukuyshima-oki — ruptures of 1938 ......................................................................5-7 
5.3.2 Miyagi-oki — ruptures of 1936, 1978, and 2005...................................................5-8 
5.3.3 Sanriku-oki — ruptures of 1931, 1968, and 1994.................................................5-9 
5.3.4 Tokachi-oki — ruptures of 1952 and 2003..........................................................5-10 
5.3.5 Nemuro-oki — rupture of 1973 ............................................................................5-12 
5.3.6 Summary .....................................................................................................................5-13 

5.4 Simulating rupture-sequences for the northern Japan asperity configuration ......5-14 

 



 

 

vi

5.4.1 Model Convergence for the Japan megathrust interface...................................5-15 
5.4.2 Model spin-up using a synthetic rupture catalog.................................................5-17 

5.5 Station velocity predictions for northern Japan using a realistic fault rheology...5-21 
5.6 Conclusions and future work.........................................................................................5-32 
References........................................................................................................................................5-34 



 vii

 
LIST OF FIGURES 

Figure 1-1. (a) Coseismic slip and (b) interseismic slip deficit (“backslip”) estimates for the megathrust 
interface off northeastern Japan.  Adapted from Yamanaka and Kikuchi [2003; , 2004] and Suwa et 
al. [2006]. 1-8 

Figure 2-1 Comparison of the BSM, the pBSM, and the ESPM.  The trench is defined by the intersection of 
the free-surface (horizontal solid line) and the (upper) dipping line; cross-sectional geometry is 
assumed to be identical along strike;  Dlock is the depth to the downdip end of the locked megathrust; 
xlock represents the surface projection of the downdip end of the locked megathrust; θ is the dip of the 
plate interface; H is the plate thickness in the ESPM; xG, represents the typical range for the location 
of the nearest geodetic observation from the trench.  The arrows represent relative motion at the plate 
boundary. 2-3 

Figure 2-2. Comparison of the velocity fields in the half-space for the BSM, the pBSM, and the ESPM. Top 
row illustrates the interseismic velocity fields predicted by the models (solid black line represents the 
locked zone), and the bottom row shows the imposed “geologic” steady state creep velocity field.  All 
velocities are computed relative to the far-field of the overriding plate (and normalized relative to the 
plate convergence rate, Vp).  Velocity vectors are drawn to the same scale in all panels (yellow vector 
at bottom left in each panel), relative to the plate convergence rate.  The steady state field for the 
BSM is only a schematic representation of “complex asthenospheric motions” assumed by Savage 
[1983], and not a computed field. 2-5 

Figure 2-3. Geometric comparison of the ESPM with planar (left column) and curved (right column) 
geometry.  In each column, the top row is the ESPM in the limit of a very thick plate (the BFM); the 
bottom row is the ESPM in the limiting case of negligible plate thickness (the BSM).  Note that the 
“dip” of the curved fault is defined at a point where the plate straightens out.  The dip of the curved 
fault at the trench is assumed to be zero.  Other notation and assumptions are identical to those in 
Figure 2-1. 2-12 

Figure 2-4.  Appropriate application of the BSM to curved faults.  Backslip must be applied to the curved 
interface geometry appropriate for a subduction zone, instead of to its tangent at the downdip end of 
the locked zone.  The curved fault (solid gray line) resembles the subduction thrust interface 
geometry below the island of Nias, offshore of Sumatra (θtop = 3°, θbot = 27°[Hsu et al., 2006]).  The 
tangent-approximation to the curved fault [Chlieh et al., 2004; Simoes et al., 2004; Chlieh et al., 
2008] is represented by the dashed black line.  The top panel presents the faults in cross-sectional 
view. x* (= x/DLock) is he dimensionless distance perpendicular to the trench; z*(= z/DLock) is the 
dimensionless depth.  The origin of the dimensionless x*-z* system is at the location of the trench 
axis.  Vertical surface velocity profile, Vz

* (middle panel), and horizontal surface velocity profile, Vx
* 

(bottom panel), are scaled by the uniform plate convergence velocity, Vp. 2-13 

Figure 2-5.  Comparison of deformation for the BSM and the ESPM with plates of different thickness, H, 
for a realistic curved fault geometry.  In all panels, the thick gray solid curves represent the BSM, and 
the extent of the locked zone is shaded in yellow.  The blue solid curve coinciding with the BSM 
surface velocities is the ESPM with zero plate thickness. The thick light-blue curve is the surface 
velocity field due to the buried thrust downdip of the locked zone (i.e., the BFM).  The thin dashed 
red curve coinciding with the BFM surface velocity field is the ESPM having an “infinite” plate 
thickness.  In all cases, the imposed uniform slip rate is in the normal sense for the BSM (backslip), 
and reverse (thrust) sense for the ESPM. Panel organization and non-dimensionalization of the plot 
axes is identical to that in Figure 2-4. 2-16 

Figure 2-6. Kinematics of plate bending. (a) Bending of the plate at the trench for the ESPM with linear 
fault interface geometry; Motion of subducting material through the trench results in shearing as 
indicated by the shaded area.  Axial hinges of folding can be kinematically represented by 

 



 viii

dislocations, across which incoming material in the plate experiences a change in direction, but not in 
magnitude.  (b) Bending of the plate at the trench for the ESPM with a non-planar (or curved) fault 
interface geometry.  The curved interface is represented by a number of linear segments having 
different slopes, and the number of hinges corresponds to the number of planar segments representing 
the discretization.  (c) Velocity vector diagram showing required slip rate on an axial hinge to 
kinematically restore strains due to bending at the hinge. 2-19 

Figure 2-7. The surface deformation field for the ESPM for a planar plate geometry: (a) the ESPM with no 
locked zone is equivalent to the long-term, steady state plate motion (solid black line).  The surface 
velocity field due to the axial hinge (thin dashed gray line) cancels the effect of plate flexure at the 
trench (thin solid black line), resulting in net zero long-term strain accumulation over the seismic 
cycle (thick solid black line).  (b) Effect of a single axial hinge on the ESPM with a locked 
megathrust fault.  Again, note that the ESPM predicts the correct sense of motion for the oceanic 
plate.  The sum of the ESPM (thin solid black line) and axial hinge (thick dotted gray line) velocity 
fields — shown as the thick dashed black line — exactly equals that for the equivalent BSM (thick 
solid gray line).  Panels and plot axes are as described in Figure 2-4. 2-22 

Figure 2-8. Surface deformation field for the ESPM for curved plate geometry: (a) the ESPM with no 
locked zone is equivalent to the long-term, steady state plate motion (solid black line).  The axial 
hinges or velocity gradient corrections are introduced at positions corresponding to the discretization 
resolution of the curved fault.  The surface velocity field due to axial hinges or a velocity gradient 
(thin dashed gray line) cancels the effect of plate flexure at the trench (thin solid black line), resulting 
in net zero long-term strain accumulation over the seismic cycle (thick solid black line).  Note that 
the peak uplift due to the bending of a curved plate is shifted arc-ward in comparison to the peak for 
the planar geometry (Figure 2-7).  (b) Effect of the plate flexural field (axial hinges or velocity 
gradient corrections) on the ESPM with a locked megathrust fault.  The sum of the ESPM (thin solid 
black line) and axial hinge (thick dotted gray line) velocity fields — shown as the thick dashed black 
line — exactly equals that for the equivalent BSM (thick solid gray line).  Panels and plot axes are as 
described in Figure 2-4. 2-23 

Figure 2-9. Comparison of predicted surface velocity profiles from the elastic plate bending flexural field 
[bottom panel, for plate thicknesses of 25 (dashed gray), 50 (gray), and 100 km (black)], with that of 
the long-term along-strike averaged trench-perpendicular topographic profile (middle panel, with 
error bars in blue) for the Sumatran subduction zone (top panel, and inset map).  Note that the 
location of the peak uplift-rate is independent of plate thickness, Hslab (bottom panel).  The trench 
profile in the map is from Bird [2003], and the rectangle indicates the zone of along-strike averaging 
of the plate geometry (top panel) as well as bathymetry (middle panel).  The geometry of the mean 
plate interface profile (top panel, only Hslab=100 km is shown) is similar to that assumed in [Hsu et 
al., 2006], and attains a dip of 30° at a depth of ~27 km below the islands.  Note the correspondence 
in the location of the peak values in the middle and bottom panels.  See text for details. 2-32 

Figure 3-1. Effect of doubling the width of the transition zones updip and downdip of the locked 
megathrust interface for the ESPM and the BSM.  ftr is the fractional length of the transition zone 
relative to the width of the locked megathrust, strans/slock.  For updip transition zones (parts a and b), 
results are presented for ftr = 0, 0.125, and 0.25. For downdip transition zones (parts c and d), results 
are presented for ftr = 0, 0.25, 0.5, and 1. Axes are as described in text. 3-7 

Figure 3-2. BSM inversions of ESPM synthetics.  Each column represents results for a given plate-
thickness to locking depth ratio: H/Dlock = 0.01 (BSM), 1, and 3.  (a) 1000 best-fit BSM in the slock-θ 
parameter space that fit as many samples of ESPM-based noisy synthetic data for the specified 
H/Dlock ratio.  Shown are the lowest misfit solutions satisfying only vertical data (top row), only 
horizontal data (middle row), and sum of the two datasets (bottom row). The corresponding 1-σ 
error-ellipses are shown in red.  (b) Misfit between the BSM at each point in the slock -θ parameter 
space and one of the synthetic data samples in (a). (c) Best-fit backslip model (solid red line), 
satisfying both the horizontal and vertical synthetic data (solid gray lines) — corresponding to the 
yellow ⊗ in the bottom row of (b).  The best-fit BSMs are as follows: θ = 25°, Dlock = 40 km 

 



 ix

(identical to the ESPM, for column 1); θ = 22.5°, Dlock = 38.3 km (column 2); and θ = 20°, Dlock = 
39.3 km (column 3).  The BSM corresponding to θ = 25°, and D = 40 km (dashed green line) is also 
shown.  The top row shows the subduction zone geometry, the middle row shows vertical velocities, 
and the bottom row shows horizontal velocities. Dashed vertical lines mark the nearest geodetic 
observation point to the trench 3-11 

Figure 3-3. Effect of curvature on the BSM surface velocity predictions.  The curved fault (solid black line) 
resembles the subduction thrust interface geometry below the island of Nias, offshore of Sumatra 
(θtop = 3°, θbot = 27° [Hsu et al., 2006]).  The gray solid line represents a planar fault having the same 
end-points as the curved fault, and the dashed gray line represents the tangent-approximation to the 
curved fault.  The dotted line represents a shallow dipping fault that approximates the shallow part of 
the curved interface.  See text for details.  The top row presents the fault in cross-sectional view.  In 
all cases, uniform normal slip was imposed on the fault patch.  Plot axes are as described in text. 3-14 

Figure 3-4. Schematic illustration of the relative locations of surface observables, xhinge, xlock, and xmax, using 
the vertical velocity profile for the curved fault presented in Figure 3-6. 3-16 

Figure 3-5. Location of the maximum vertical velocity (xmax), zero vertical velocity (xhinge), the surface 
projection of the bottom of locked fault (xlock), and the differences between them, as a function of the 
length of the locked fault patch, s, and dip angle,θ.  Each parameter is plotted for s ranging from 25 to 
200 km, in steps of 25 km.  Thicker curves represent fault lengths of 50, 100, 150, and 200 km. (a) 
Planar faults: Blue curves (cutting across the s-curves from the top left to bottom right) are lines of 
constant locking depth (10 to 50 km, in steps of 10 km).  Theoretical estimates are presented in dark 
yellow.  (b) Curved faults: Red curves (cutting across the s-curves from the bottom right to top left) 
are lines of constant radii of curvature (100 to 300 km, in steps of 50 km).  Blue curves are the same 
as in (a).  Theoretical estimates for planar faults are presented in yellow in the bottom two panels for 
comparison to (a). 3-18 

Figure 3-6. Dimensionless plots of the variation in the location of xmax and xhinge as a function of fault dip in 
the BSM having a planar (a, c) or curved (b, d) plate interface geometry, with (c, d) or without (a, b) 
a transition zone (of fractional length, ftr = 25%) downdip of the locked megathrust zone.  See text for 
definitions of y-axis parameters.  Top panels: Dimensionless relative distance between xmax and xlock 
(Δxm*) as a function of the dip of the BSM fault; Second-from-top panels: Dimensionless relative 
distances between xhinge and xlock (Δxh*); Third-from-top panels: Mean value of plots in top two 
panels; Second-from-bottom panel: Difference between the top two panels; Bottom panels: (xhinge 
/xmax).  Theoretical estimates for planar faults without any transition zone (thick gray lines from 
part(a)) are repeated for each panel in parts (b)-(d) for comparison purposes. 3-21 

Figure 4-1. Workflow for the Fslip software developed to generate, simulate and visualize models of slip 
evolution on realistic fault surfaces.  For simplicity, the exact long-from module names are not used 
for the lower level modules or Matlab pre-/post-processor scripts (e.g., Fslip.Model.Out, 
FslipMATproc, etc.).  The matlab component, EvolveSlip, solves the forward problem, given the fault 
traction and surface displacement kernels, rheology, initial and boundary conditions for the 3D 
megathrust surface.  The Matlab output is post-processed in two stages —  in a Matlab and then in 
Fslip to generate VTK files and “dashboards” for visualization.  See text for details. 4-5 

Figure 4-2. An automatically generated Paraview dashboard showing fault traction components (τS, top 
row; τD, middle row; τN, bottom row) due to dip-slip on all fault patches (column 1), slip on each 
asperity (column 2: the duller color is due to the use of transparency in Paraview to show all asperity 
contributions in a single panel), slip on the semi-infinite extensions of the fault (or backslip, column 
3), and the residuals obtained from the superposition (Equation 1).  For a planar fault, these residuals 
were found to be zero, as expected. 4-18 

Figure 4-3. An automatically generated Paraview dashboard showing fault traction components (τS, top 
row; τD, middle row; τN, bottom row) due to strike-slip on all fault patches (column 1), slip on each 
asperity (column 2: again, the duller color is due to the use of transparency in Paraview to show all 
asperity contributions in a single panel), slip on the semi-infinite extensions of the fault (or backslip, 

 



 x

column 3), and the residuals obtained from the superposition (Equation 1).  For a planar fault, these 
residuals are zero, as expected. 4-19 

Figure 4-4. An automatically generated Paraview quality control dashboard for unit dip-slip on the fault 
and asperities, showing the rheological parameter distribution (rightmost middle panel), initial slip 
distribution (bottom-right panel), tractions (top two rows of panels), and surface displacements.  Such 
figures are automatically generated and used for visualizing model inputs before a run or for 
debugging after a run.  All 3D plots are colored on a log-scale, to bring out any small-scale 
heterogeneities. 4-20 

Figure 4-5. An automatically generated Paraview quality control dashboard for unit strike-slip on the fault 
and asperities, showing the rheological parameter distribution (rightmost middle panel), initial slip 
distribution (bottom-right panel), tractions (top two rows of panels), and surface displacements.  Such 
figures are automatically generated and used for visualizing model inputs before a run or for 
debugging after a run.  All 3D plots are colored on a log-scale, to bring out any small-scale 
heterogeneities. 4-21 

Figure 4-6.  (a) Strike-slip, and (b) dip-slip components of the non-dimensional backslip velocity field 
applied to the 3D fault surface.  Color-scale indicates the same range of magnitudes in both figures as 
well as for the arrows. 4-27 

Figure 5-1.  Asperity configuration chosen for the northern Japan megathrust interface, and the epicentral 
locations of the last earthquake(s) prior to the year 2000 (blue stars, multiple around an asperity start 
indicate two ruptures within the same year). 5-14 

Figure 5-2. Convergence of spun-up fault tractions over a full cycle with increasing mesh resolution (RES0 
through RES2) around the asperity, for a JT2 mesh (see Section 4.7).  Significant improvement is not 
observed between RES1 and RES2, even though the latter has three-times as many elements in the 
asperity transition zone compared to the former. 5-17 

Figure 5-3.  Spin-up of mean fault tractions, and their moving averages for a linear viscous fault rheology 
with α΄=0.1.  The gray curve represents the mean tractions at every time-step.  The light blue curve at 
the bottom represents a single pick of the grey curve at the end of each cycle of duration equal to the 
reference time, T0.  The moving average window, Tmav = 8 (dark blue) corresponds to TCRS.  See text 
for details. 5-19 

Figure 5-4. Plot of slip-rate (left column) and cumulative fault slip (right-column) at the end of the first 
reference cycle (T0), post model spin-up, for the linear viscous rheology used in Figure 5-3.  Top 
rows show the strike-slip component, bottom rows show the dip-slip component.  As expected, the 
right column looks nearly identical to the input backslip velocities (Figure 4-6), except for the 
asperities themselves, which will match the surrounding fault only at the end of the TCRS-cycle.  See 
text for details. 5-21 

Figure 5-5. Spin-up tractions for northern Japan megathrust, for a rate-strengthening frictional rheology, 
with ρ ≈10, and α ≈ 105 Pa (α' ≈ 1) 5-23 

Figure 5-6. Evolution of tractions over the “present” reference cycle of 75 yrs.  Only the most recent events 
prior to the end-date of GPS velocity measurements (2000) are identified for each asperity.  The two 
unlabeled events correspond to the 1968 “Tokachi-Oki” event off  the Sanriku coast (but occurring in 
1964 due to the approximate rupture interval chosen in Section 5.3), and the 2003 M8.2 Tokachi-oki 
2003 event (here, occurring in 2002). 5-24 

Figure 5-7. (a) Synthetic Tokachi-oki coseismic displacements and (b) actual coseismic displacements from 
2003 Mw 8.2 Tokachi-oki earthquake [Koketsu et al., 2004].  The synthetic displacements are scaled 
relative to the imposed mean coseismic slip of 6.4 m (Table 5-1). 5-25 

Figure 5-8. Sample synthetic surface displacement time-series over the last 75 yr reference cycle for two 
stations (left: 960533; right: 950156; both located along the Sanriku coast).  Blue dashed lines 

 



 

 

xi

indicate the observed and synthetic GPS velocity estimation window, and the slopes used to infer the 
velocities are indicated as grey lines within this window. 5-26 

Figure 5-9. Observed (left), synthetic-backslip (middle), and residual (right) horizontal GPS velocity fields 
(relative to a fixed Okhotsk plate) for the period 1996-2000.  Synthetics were computed assuming 
that the fault is locked only at the asperities late in the cycle, and the rest of the fault surface is 
frictionless. Asperities are shaded in light gray and off-shore of the northern Japan coastline.  Thick 
black arrows indicate the plate convergence direction.  Velocities are scaled relative to the plate 
velocity of 8.3 cm/yr for the Pacific Plate off Tohoku.  The color intensity has the same scale in each 
plot. 5-28 

Figure 5-10. Observed (left), synthetic-frictional (middle), and residual (right) horizontal GPS velocity 
fields (relative to a fixed Okhotsk plate) for the period 1996-2000.  Synthetics were computed 
assuming that slip on the fault surface is governed by rate strengthening friction with α' ≈ 1. 
Asperities are shaded in light gray and off-shore of the northern Japan coastline.  Thick black arrows 
indicate the plate convergence direction.  Velocities are scaled relative to the plate velocity of 8.3 
cm/yr for the Pacific Plate off Tohoku.  The color intensity has the same scale in each plot. 5-28 

Figure 5-11. Slip-rates at the end of the cycle, for a fault surface governed by rate strengthening friction 
with α' ≈ 1.  Notice the much larger areas of near-zero slip-rates compared to the upper-left panel of 
Figure 5-4. 5-29 

Figure 5-12. Observed (left), synthetic-frictional (middle), and residual (right) vertical GPS velocity fields 
(relative to a fixed Eurasian plate) for the period 1996-2000, for the same frictional rheology as in 
Figure 5-10. 5-31 

 

 



 xii

LIST OF TABLES 

Table 2-1. Notation.................................................................................................................................... 2-35 

Table 3-1  Theoretical Estimates for the horizontal distance between the trench and the surface projection 
of the downdip end of the locked zone, xlock, for planar and curved faults locked up to the trench.  

Notation: X = hinge max

2

X +X( ), Xh = Xhinge, Xm = Xmax. .......................................................................... 3-22 

Table 3-2.  Theoretical Estimates for the horizontal distance between the trench and the surface projection 
of the bottom of the locked patch, xlock, for planar and curved faults having transition segments 
immediately downdip of the locked zone.  The following results are for transition zones having 

along-fault lengths of up to 25% of the length of the locked zone.  Notation: X = hinge max

2

X +X( ), Xh = 

Xhinge, Xm = Xmax. ............................................................................................................................... 3-22 

Table 3-3. Notation.................................................................................................................................... 3-27 

Table 4-1. Work-flow for generating fault patches from a geo-referenced subducting slab surface geometry.
......................................................................................................................................................... 4-10 

Table 5-1. Summary of asperity parameters for Northern Japan.  The last column represents the time from 
the present (here, the year 2000, which marks the end of the time-period over which the observed 
GPS velocities were computed in Hashimoto et al. [2009]) to the most recent earthquake for each 
asperity............................................................................................................................................. 5-13 

 

 

 

 


