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Text S1: Overview of the 32 Finite-fault Slip Models12

Model G1 is from Pollitz et al. (2011), which is obtained using geodetic measure-13

ments. The total moment of the model is 4.1×1022 N·m, equivalent to a Mw 9.01 earth-14

quake. The model includes a total of 5151 subfaults, with 101 and 51 subfaults along the15

strike and dip directions, respectively. Each subfault has an area of 7× 4.5 km2. The16

model is parameterized as three planar faults with strike and dip as 195◦ and 10◦, 195◦17

and 14◦, and 195◦ and 22◦ at the depth ranges of 3–21, 21–39, and 39–57 km. The rake18

angles of all subfaults are fixed at 90◦. The model composes of two major slip patches19

located updip and downdip of the hypocenter in zones ZC1 and ZC2, with peak slip away20

from the trench.21

Model G2 is from Ito et al. (2011), which is obtained using geodetic measurements.22

The total moment of the model is 4.1×1022 N·m, equivalent to a Mw 9.01 earthquake.23

The model includes a total of 525 subfaults, with 35 and 15 subfaults along the strike24

and dip directions, respectively. Each subfault has a varying area. The model is param-25

eterized as a non-planar fault. The model composes of a single slip patch at the updip26

area in zone ZC1. The major slip patch is slightly south of the hypocenter, located be-27

tween 37◦N to 38◦N.28

Model G3 is from Diao et al. (2012), which is obtained using geodetic measurements.29

The total moment of the model is 2.3×1022 N·m, equivalent to a Mw 8.84 earthquake.30

The model includes a total of 288 subfaults, with 24 and 12 subfaults along the strike31

and dip directions, respectively. Each subfault has an area of 20×20 km2. The model32

is parameterized as a non-planar fault. The model composes of a single smooth slip patch33

in zone ZC1.34

Model G4 is from Iinuma et al. (2012), which is obtained using geodetic measure-35

ments. The total moment of the model is 4.0×1022 N·m, equivalent to a Mw 9.00 earth-36

quake. The model includes a total of 806 subfaults, with 31 and 13 subfaults along the37

strike and dip directions, respectively. Each subfault is represented by bi-cubic B-spines38

with 20 km intervals. The model is parameterized as a non-planar fault. The model has39

the largest slip at the trench and extended along strike slip patch. The model consists40

of a secondary slip patch extending to the southern deeper region in zone S2.41

Model G5 is from C. Wang et al. (2012), which is obtained using geodetic measure-42

ments and InSAR measurements. The total moment of the model is 3.2×1022 N·m, equiv-43

alent to a Mw 8.94 earthquake. The model includes a total of 1080 subfaults, with 6044

and 18 subfaults along the strike and dip directions, respectively. Each subfault has an45

area of 11.7×11.1 km2. The model is parameterized as a varying dip angle fault with46

a striking angle of 195◦. The model has a single slip patch at the updip of the hypocen-47

ter in zone ZC1 with peak slip away from the trench.48

Model G6 is from R. Wang et al. (2013), which is obtained from geodetic measure-49

ments and displacement from integrated strong ground motion waveforms. The total mo-50

ment of the model is 2.9×1022 N·m, equivalent to a Mw 8.91 earthquake. The model51

includes 1920 subfaults with 64 subfaults along strike and 30 subfaults along dip. Each52

subfaults has a size of 10×10 km2. The model is parameterized as a non-planar fault.53

The model composes of a single slip patch at the updip of the hypocenter in zone ZC154

with peak slip away from the trench.55

Model G7 is from Zhou et al. (2014), which is obtained from probabilistic inver-56

sion of geodetic data. The total moment of the model is 3.8×1022 N·m, equivalent to57

a Mw 8.99 earthquake. The model includes 350 subfaults with 25 subfaults along the strike58

and 14 subfaults along the dip. Each subfault has a size of 25×18 km2. The model is59

parameterized as a varying dipping angle fault with a striking angle of 201. The model60

has a horse-shoe-shaped slip patch surrounding the hypocenter with peak slip at the trench61

in zones ZC1 and ZC1.62
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Model G8 is from Hashima et al. (2016), which is obtained from geodetic measure-63

ments. The total moment of the model is 4.0×1022 N·m, equivalent to a Mw 9.00 earth-64

quake. The model includes 256 subfaults with 32 along-strike subfaults and eight along-65

dip subfaults. Each subfaults has a varying subfault area. The model is parameterized66

as a non-planar fault. The rake angles of all subfaults are fixed with the incoming plate67

direction. The model has a board and smooth slip patch with slip peaking at the trench68

at the updip area of the hypocenter in zone ZC1.69

Model G9 is from Xie and Cai (2018), which applies stress inversion formulation70

for slip distribution from geodetic measurements. The total moment of the model is 4.5×71

1022 N·m, equivalent to a Mw 9.04 earthquake. The model includes 140 subfaults with72

20 along-strike subfaults and seven along-dip subfaults. Each subfaults has a 25 km×25 km73

subfault area. The model is parameterized as a non-planar fault. The model has a board74

and smooth slip patch with slip peaking at the trench in zone ZC1, with a slightly wider75

rupture than other geodetic models.76

Model R1 is from Lee et al. (2011), which is inverted from regional broadband seis-77

mograms and geodetic measurements. The total moment of the model is 3.7×1022 N·m,78

equivalent to a Mw 8.98 earthquake. The model includes 396 subfaults with 33 along-79

strike subfaults and 12 along-dip subfaults. Each subfaults has a 20×20 km2 subfault80

area. The model is parameterized as a planar fault with strike and dip as 195◦ and 14◦,81

respectively. The model shows a single smooth, slightly elongated slip patch at the up-82

dip in zone ZC1 and towards the north of the hypocenter with peak slip away from the83

trench in zone N1.84

Model R2 is from Suzuki et al. (2011), which is inverted from strong ground mo-85

tion records. The total moment of the model is 4.4×1022 N·m, equivalent to a Mw 9.0386

earthquake. The model includes 119 subfaults with 17 along-strike subfaults and seven87

along-dip subfaults. Each subfaults has a 30×30 km2 subfault area. The model is pa-88

rameterized as a planar fault with strike and dip as 195◦ and 13◦. The model shows a89

single smooth, expanded, increasing slip from the hypocenter region to the trench in zone90

ZC1. The expanded slip reaches beyond 39◦N in zone ZN1.91

Model R3 is from Wei et al. (2012), which is inverted from strong ground motion92

records and geodetic measurements. The total moment of the model is 5.3×1022 N·m,93

equivalent to a Mw 9.08 earthquake. The model includes 273 subfaults with 21 along-94

strike subfaults and 13 along-dip subfaults. Each subfault has an area of 25×20 km2.95

The model is parameterized as a planar fault with strike and dip as 201◦ and 10◦. The96

model shows a major slip patch in zone ZC1, with peak slip located away from the trench.97

Significant shallow slip extends to the southern ZS1 region, reaching 36◦N.98

Model R4 is from Yue and Lay (2013), which is inverted from high-rate geodetic99

data and teleseismic data. The total moment of the model is 4.2 × 1022 N·m, equiva-100

lent to a Mw 9.02 earthquake. The model includes 120 subfaults with 15 along strike sub-101

faults and 8 along dip subfaults. Each subfaults has a size of 30×30 km2. The model102

is parameterized as a dip-varying planar fault with the strike as 202◦. The slip distri-103

bution is characterized by two major slip patches, with one located at the updip of the104

hypocenter in zone ZC1 and a similar one located at the down dip of the hypocenter in105

zone ZC1.106

Model S1 is from Ide et al. (2011), which is inverted slip distribution from verti-107

cal broadband seismograms with a high-pass filter above 200 s with the empirical Green’s108

function method. The total moment of the model is 4.5×1022 N·m, equivalent to a Mw109

9.04 earthquake. The model includes 231 subfaults with 21 along-strike subfaults and110

11 along-dip subfaults. Each subfaults consist of bilinear spline basis functions with 10 km111

node separation. The model is parameterized as a planar fault with strike and dip as 190112

and 15.3. The model has a widespread slip distribution from the downdip at around 50 km113
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depth to the trench in zone ZC1 and ZC1. The near trench slip extends from 39.5◦N to114

36.5◦s.115

Model S2 is from Hayes (2011), which is the initial USGS model inverted from tele-116

seismic body waves of P, SH with a period range of 1 to 200 s and surface waves in a pe-117

riod range of 200 to 500 s. The total moment of the model is 4.9× 1022 N·m, equiva-118

lent to a Mw 9.06 earthquake. The model includes 325 subfaults with 25 along strike sub-119

faults and 13 along dip subfaults. Each subfault has an area of 25×20 km2. The model120

is parameterized as a planar fault with strike and dip as 194◦ and 10◦. The model shows121

a major slip patch at the updip of the hypocenter in zone ZC1 and a secondary slip patch122

at the down-dip of the hypocenter in zone ZC1.123

Model S3 is from the revised USGS finite-fault model of the Tohoku-oki earthquake,124

with the last update in 2018 (Goldberg et al., 2022). The model is inverted from tele-125

seismic body waves of P, SH with a period range of 1 to 200 s and surface waves in the126

period range of 200 to 500 s. The total moment of the model is 4.8×1022 N·m, equiv-127

alent to a Mw 9.05 earthquake. The model has 325 subfaults, with 25 along strike sub-128

faults and 13 along dip subfaults. The model is parameterized as a varying strike pla-129

nar fault with strike and dip as 198 and 8, 198 and 15, and 198 and 21 at the depth ranges130

of 3–15, 15–33, and 33–52 km. The model shows a distinctive two major slip patch with131

one at the north of the hypocenter and one at the south of the hypocenter. The over-132

all slip distribution is elongated along the strike with two minor deeper slip patches at133

the down-dip and north of the hypocenter in zone ZC1, reaching 50 km.134

Model S4 is from Ammon et al. (2011), which is inverted from teleseismic P waves135

with relative source time function inverted from Rayleigh waves and high-rate GPS record-136

ings. The total moment of the model is 3.6×1022 N·m, equivalent to a Mw 8.98 earth-137

quake. The model has 560 subfaults, with 50 along strike subfaults and 14 along dip sub-138

faults. Each subfault has a size of 15×15 km2. The model is parameterized as a pla-139

nar fault with strike and dip as 202◦ and 12◦. The model shows a large smooth single-140

slip patch with peak slip extending from the hypocenter to the south of the hypocen-141

ter, located in the zone ZC1 and ZC1.142

Model S5 is from Yagi and Fukahata (2011), which is inverted from teleseismic P143

waves in velocity with a period of 2.6 to 100 s. The total moment of the model is 5.7×144

1022 N·m, equivalent to a Mw 9.10 earthquake. The model has 250 subfaults with 25 along145

strike subfaults and 10 along dip subfaults. Each subfaults has a size of 10× 10 km2.146

The model is parameterized as a planar fault with strike and dip as 200 ◦ and 12◦. The147

rake angles of all subfaults are fixed at 90 ◦. The model shows a major slip patch at the148

updip of the hypocenter, with the peak slip extending towards the trench in zone ZC1.149

Slip extends towards the south and deeper region in zone S2.150

Model S6 is from Kubo and Kakehi (2013), which is inverted from teleseismic P151

waves with a period of 10 to 100 s. The total moment of the model is 3.4×1022 N·m,152

equivalent to a Mw 8.95 earthquake. The model has 108 subfaults with 18 along strike153

subfaults and six along dip subfaults. Each subfaults has a varying size. The model is154

parameterized as multiple planar faults with strike and dip 185◦ and 7 ◦, 197.5◦ and 11◦,155

and 210◦ and 23◦ along strike. The model shows a very smooth slip patch with peak slip156

at the updip of the hypocenter reaching the trench in zone ZC1.157

Model T1 is from Simons et al. (2011), which is inverted from tsunami and geode-158

tic data. The total moment of the model is 7.8×1022 N·m, equivalent to a Mw 9.19 earth-159

quake. The model has 419 subfaults with varying subfault sizes. The model is param-160

eterized as a curved geometry triangulated by the subfaults. The model shows an elon-161

gated slip patch along the strike of the hypocenter in zones N1, ZC1 and ZC1. The elon-162

gated slip extends from 40◦ north to 37 ◦N. The model also shows a high level of het-163

erogeneity with many smaller slip patches.164
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Model T2 is from Fujii et al. (2011), which is inverted from the tsunami data. The165

total moment of the model is 3.8×1022 N·m, equivalent to a Mw 8.99 earthquake. The166

model has 40 subfaults, with ten along strike subfaults and four along dip subfaults. Each167

subfault has a size of 50×50 km2. The model is parameterized as a planar fault with168

strike and dip as 193◦ and 14◦. The rake angles of all subfaults are fixed at 81◦. The model169

shows a single and concentrated slip patch at the updip hypocenter region with slip in-170

creases towards the trench in zone ZC1.171

Model T3 is from Saito et al. (2011), which is inverted from the tsunami data. The172

total moment of the model is 3.8×1022 N·m, equivalent to a Mw 8.99 earthquake. The173

model has 130 grid nodes, with 13 nodes along the strike and 10 nodes along the dip.174

Each node is represented by a Gaussian basis function. The model is parameterized as175

a varying dip fault with a strike of 193 ◦. The model shows a major slip asperity at the176

hypocenter region and extended slip towards the trench in zone ZC1.177

Model T4 is from Gusman et al. (2012), which is inverted from tsunami and geode-178

tic data. The total moment of the model is 5.1×1022 N·m, equivalent to a Mw 9.07 earth-179

quake. The model has 45 subfaults with nine along strike and five along dip subfaults.180

Each subfault has a size of 50×40 km2. The model is parameterized as a varying dip181

fault with a strike of 202◦. The model shows a smooth single slip patch at the updip of182

the hypocenter with significant slip at the trench in zone ZC1.183

Model T5 is from Hooper et al. (2013), which is inverted from tsunami and geode-184

tic data. The total moment of the model is 4.0×1022 N·m, equivalent to a Mw 9.00 earth-185

quake. The model has 234 subfaults with 18 along strike subfaults and 13 along dip sub-186

faults. Each subfault has a size of 25 × 20 km2. The model is parameterized as a dip187

varying fault with a strike of 194◦. The model has a major slip patch at the updip of the188

hypocenter in zone ZC1. Narrow and elongated slip features from 20 km to 40 km ex-189

tend near the hypocenter and towards the south of the hypocenter. A northern minor190

slip patch at the depth of 12 km in zone ZN1 also appears in the slip distribution.191

Model T6 is from Satake et al. (2013), which is inverted from tsunami and geode-192

tic data. The total moment of the model is 4.2×1022 N·m, equivalent to a Mw 9.02 earth-193

quake. The model has 55 subfaults, with 11 along strike subfaults and five along dip sub194

faults. Each subfault has a size of 50×50 km2. The model is parameterized as a dip-195

varying planar fault with a strike of 193◦. The model shows a smooth large expanding196

slip patch in the updip of the hypocenter with increasing slip toward the trench in zone197

ZC1.198

Model T7 is from Romano et al. (2014), which is inverted from tsunami and geode-199

tic data. The total moment of the model is 5.7×1022 N·m, equivalent to a Mw 9.10 earth-200

quake. The model has 398 subfaults. The model is parameterized as a curved fault with201

the subfaults subdivided into patches of variable size: 24 km×14 km, 24 km×24 km, 35×202

35 km2 at depth ranges of 2-15, 15-40, 40-60 km. The model shows a similar overall slip203

structure as model G6 with a large expanding slip patch in the updip of the hypocen-204

ter with increasing slip toward the trench in zone ZC1. The model shows a high level205

of slip heterogeneity with many small slip patches.206

Model T8 is from Kubota et al. (2022), which is inverted from Tsunami and geode-207

tic data. The total moment of the model is 5.1×1022 N·m, equivalent to a Mw 9.07 earth-208

quake. The model has 434 subfaults triangulating the 3D fault surface, with the length209

of each side of the triangle about 10 km. The model shows a smooth large slip patch at210

the updip of the hypocenter with increasing slip towards the trench in zone ZC1. The211

model shows near trench slip at the northern section in zone ZN1 reaching 39.5◦N.212

Model J1 is from Yokota et al. (2011), which is jointly inverted from geodetic, strong213

ground motion, teleseismic and tsunami observations. The total moment of the model214

is 4.2×1022 N·m, equivalent to a Mw 9.02 earthquake. The model has 96 subfaults, with215
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16 along strike subfaults and five along dip subfaults. Each subfault has a size of 30×216

30 km2. A varying dip fault geometry is used with a strike angle of 200◦. The model shows217

a concentrated slip at the hypocenter along the 20 km depth in zones ZC1 and ZC1. The218

slip extends to the north, reaching 39.5◦N.219

Model J2 is from Minson et al. (2014), which is jointly inverted from the tsunami220

and high-rate GPS data. The total moment of the model is 5.3×1022 N·m, equivalent221

to a Mw 9.08 earthquake. The model has 219 subfaults, with 24 along strike subfaults222

and nine along dip subfaults. Each subfault has a size of around 30×30 km2. The model223

is parameterized as a varying dip fault with a strike of 194◦. The model shows a major224

slip patch at the hypocenter in zones ZC1 and ZC1. Extensive near trench slip was also225

imaged by the model extending from 39◦N to 37◦N. The model also shows a higher level226

of slip heterogeneity with patches of slip across the major slip area and other parts of227

the fault.228

Model J3 is from Bletery et al. (2014), which is inverted from the geodetic, high-229

rate geodetic, strong ground motion, teleseismic P (1.25-100 s) and SH waves (2.5-100 s)230

and tsunami data. The total moment of the model is 3.5 × 1022 N·m, equivalent to a231

Mw 8.96 earthquake. The model has 187 subfaults with varying subfault sizes. The model232

is parameterized as a curved fault. The model shows a patchy shallow slip distribution233

with most slip confined at the updip of the hypocenter region in zone ZC1. The near trench234

slip extends from 37◦N to 39.3◦N.235

Model J4 is from Melgar and Bock (2015), which is inverted from the collocated236

seismogendetic recordings and tsunami data. The total moment of the model is 5.5×237

1022 N·m, equivalent to a Mw 9.09 earthquake. The model has 189 subfaults, with 21238

along strike subfaults and nine along dip subfaults. Each subfault has a size of 25×25 km2.239

The model is parameterized as a curved fault. The model shows a major slip patch at240

the updip of the hypocenter with a confined large slip at the shallowest 10 km section241

of the fault in zone ZC1. Small near trench slip patches also appear in 40◦N and 36◦N.242

Model J5 is from Yamazaki et al. (2018), which is iteratively inverted from the geode-243

tic, teleseismic and tsunami data. The total moment of the model is 4.0 × 1022 N·m,244

equivalent to a Mw 9.00 earthquake. The model has 240 subfaults with 20 along strike245

subfaults and 12 along dip subfaults. Each subfault has a size of 20×20 km2. The model246

is parameterized as a varying dip fault. The model shows a major L shape slip patch at247

the updip of the hypocenter with a confined large slip at the shallowest 10 km section248

of the fault and extended slip to 20 km dip at the south of the hypocenter in zone ZC1.249

Secondary features of the slip include a near trench slip at 39.5 ◦N in zone ZN1 and slip250

reaching 40 km depth at 37 ◦N in zone S2.251
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Text S2: Teleseismic Displacement Waveforms Sensitivity Analysis252

We compute teleseismic synthetic waveforms using the single-time window method253

with an assumed slip-rate function. We systematically compare synthetics from differ-254

ent slip-rate functions with varying duration. We use cosine, triangular, and regularized255

Yoffe functions to compute the synthetics (Figure S6). We pair the slip-rate functions256

with the same peak-slip-rate-time distribution from model S3 model for a consistent com-257

parison. The comparison with the observations is summarized in Table S2.258

We find that the teleseismic synthetics are insensitive to the shape and duration259

of the slip-rate functions. The synthetics are highly similar to the observations, with a260

median ≥0.82 correlation coefficient for all slip-rate functions. Figure S10 compares the261

synthetics with Yoffe, cosine and triangle functions, all having the same rise-time of 16 s262

and duration of around 32 s. The synthetics show negligible differences, suggesting that263

teleseismic waveforms are insensitive to the shape of the slip-rate function, given sim-264

ilar rise-time and duration.265

We further compare the teleseismic data sensitivity to the decay rate and duration266

of the slip-rate function. We apply the Yoffe function with the same-rise time but with267

extended durations (40, 28, and 55 s), as shown in Figure S6. The synthetics show highly268

similar shapes with varying amplitudes (Figure S11). Particularly, the synthetics of the269

Yoffe function with varying duration show the same peak and trough timing in the syn-270

thetic waveforms. Hence, teleseismic waveforms seem to have limited sensitivity to the271

variation of the Yoffe function, confirming that our method with regularized Yoffe func-272

tion for all models can effectively describe the slip-rate function for computing the tele-273

seismic synthetics.274

We further examine the rupture propagation effects on the teleseismic waveforms.275

We compare and validate different models’ peak-slip-rate-time (PSRT) distributions, which276

describe the rupture front evolution of the respective models. We use three different slip277

models: Models S3, S6, and J5, all of which use teleseismic waveforms to invert slip dis-278

tributions. Model S3 uses the single-time window method to describe the slip-rate evo-279

lution, while models S6 and J5 use the multi-time window method. We extract the PSRT280

of each projected model and map it to the model S3 slip distribution at the 16 km scale.281

We use the uniform regularized Yoffe function for each subfault and align it with the peak-282

slip-rate time accordingly.283

The three PSRT distributions agree on major slip episodes but show varying com-284

plexity (Figure S13). Models S3 and J3 show a relatively smooth and regular expansion285

in the first 50 s, followed by a complex and irregular pattern for the rest of the rupture,286

associated with the major slip patch in ZC1. In contrast, model S6 shows a consistently287

smooth PSRT evolution. This smooth evolution continues through the major rupture288

area but with an increasing rupture speed. All three models show similar peak-slip-rate289

timing in the major slip patch. They suggest that the peak–slip-rate time for the ma-290

jor slip patch ranges from 40–80 s.291

Synthetics using the S6 and J3 PSRT distributions show satisfactory fitting with292

the observed seismograms (Figure S14), with both synthetics reaching a correlation co-293

efficient of 0.75. Comparatively, we compute the synthetics of models S6 and S3 using294

a uniform Yoffe function aligned with their peak-slip-rate time, respectively. The result-295

ing synthetics have correlation coefficients with the observations of 0.71 for model S6 and296

0.73 for model J3. The slight decrease in correlation results from our simplification of297

the complex slip-rate function from the multi-time-window method. Nevertheless, our298

comparison validates that the teleseismic waveforms are sensitive to the rupture prop-299

agation effects, and the peak-slip-rate time distribution of model S3 is effective in de-300

scribing the slip-rate evolution.301
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Text S3: Teleseismic Velocity Sensitivity Analysis302

Our teleseismic data validation test in Section 4.2 shows that teleseismic displace-303

ment data are insensitive to the small-scale slip features. The displacement synthetics304

of the body waves have a dominant period of 15–20 s, which corresponds to a 90–120 km305

wavelength (Figure 11). We further test the sensitivity of teleseismic velocity waveforms,306

which contain more higher-frequency signals than the displacement waveforms, with a307

dominant period of around 10 s for the body waves. We follow the same procedure in308

Section 4.2.309

We find that the teleseismic velocity waveforms have additional sensitivity to the310

fault geometry as compared to the displacement waveforms (Figure S16). We investi-311

gate the slip-rate function effects on the teleseismic velocity waveforms following the same312

procedure in Section 4.2.2. Our tests show that the velocity records have limited sen-313

sitivity to the slip-rate function (Figures S19 and S20). We explore the rupture prop-314

agation effects on the teleseismic velocity waveforms. We compare the slip-rate onset time315

alignment with the original S3 model onset time, peak-slip-rate time, and constant rup-316

ture velocity. We find that rupture propagation has a strong impact on the teleseismic317

velocity synthetics. Figure S19 shows synthetics using the original onset time alignment318

and a uniform Yoffe slip-rate function, resulting in a correlation of 0.52, while the orig-319

inal projected model has a correlation of 0.76. The synthetics using the PSRT alignment320

and a uniform Yoffe slip-rate function fit the observed waveforms, with a correlation of321

0.71 (Figure S18). Similar to the displacement waveforms, both the constant rupture speed322

and two-step rupture speed failed to produce reasonable waveform fits (Figure S18).323

We also apply the PSRT approach using the PSRT distributions from models S6324

and J3. Following the same procedure in Section 4.2.3, we compute the teleseismic ve-325

locity synthetics using the S3 slip distribution and the PRST distributions from mod-326

els S6 and J3. Both sets of synthetics can fit the long-period waveforms but not the short-327

period signals (Figure S22). We compute synthetics using the PSRT from model S3 and328

the slip distributions from models S6 and J3. The synthetics are similar to those from329

the S3 slip distribution.330

We follow the same procedure and compute teleseismic synthetics velocity wave-331

forms using the final slip distributions at the 16, 32, and 64 km scales for all models. Fig-332

ure S23 shows teleseismic body-wave velocity synthetics for all models at a 16 km scale.333

The synthetics fit the first-order features of the teleseismic velocity observations. For ex-334

ample, the synthetics show accurate peaks and troughs for SH and SV waves at station335

BRVK. However, synthetics variations are more significant in the teleseismic velocity wave-336

forms than the displacement waveforms. Synthetics SH waves from different slip mod-337

els show contrasting waveform shapes around 50–150 s from S wave arrivals at both sta-338

tions COR and HNR. The variations in velocity waveforms suggest a possible higher sen-339

sitivity for secondary slip features. We compute the correlation coefficients of the syn-340

thetic body waves with the observations. The velocity seismic synthetics of all models341

at three scales show a lower correlation ranges from 0.5 to 0.7, with the SH synthetics342

slightly better than P and SV synthetics. However, it is worth noting that the correla-343

tion value of the velocity waveforms is also compatible with typical inversion results (e.g.344

Melgar & Bock, 2015).345
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Table S1. Offshore geodetic stations

Station Longitude Latitude Depth [km] Eastward
displace-
ment [m]

Northward
displace-
ment [m]

Vertical
displace-
ment [m]

GJT3 143.483 38.273 3.281 29.500 -11.000 3.734
GJT4 142.833 38.407 1.445 14.000 -5.000 3.500
MYGI 142.917 38.084 1.700 22.100 -10.400 3.100
MYGW 142.433 38.153 1.100 14.300 -5.100 -0.800
FUKU 142.083 37.166 1.200 4.400 -1.700 0.900
KAMS 143.263 38.636 2.200 21.100 -8.900 1.500
KAMN 143.363 38.887 2.300 13.800 -5.800 1.600
CHOS 141.670 35.500 1.600 0.950 -0.950 0.400
TJT1 143.796 38.209 5.758 N.A. N.A. 5.093
P02 142.502 38.500 1.100 N.A. N.A. -0.801
P06 142.584 38.634 1.250 N.A. N.A. -0.975
TM1 142.780 39.236 1.500 N.A. N.A. -0.800
TM2 142.446 39.256 1.000 N.A. N.A. -0.300
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Table S2. Summary of teleseismic P wave displacement synthetics performance on changing

geometry, subfault size, slip-rate, and rupture front time-alignment.

Slip model subfault a slip-rateb slip-rate
alignmentc

P wave cor-
relation d

P wave variance
reduction d

Figure e

S3 original original original 0.90 (0.01) 80% (5%) FigS7
S3 projected original original original 0.89 (0.01) 68% (28%) FigS7
S3 projected original Yoffe16(40) original 0.84 (0.01) 65% (15%) FigS8
S3 projected original Yoffe16(40) S3 PSRT 0.88 (0.01) 74% (9%) FigS8
S3 projected original original Vr 2.0 km/s 0.65 (0.01) 27% (30%) FigS9
S3 projected original original Vr 1.5 &2.0

km/s
0.65 (0.01) 31% (12%) FigS9

S3 projected original Cosine16 S3 PSRT 0.88 (0.01) 71% (18%) FigS10
S3 projected original Tri 16 S3 PSRT 0.88 (0.01) 74% (11%) FigS10
S3 projected original Yoffe16(48) S3 PSRT 0.85 (0.01) 71% (5%) FigS11
S3 projected original Yoffe16(55) S3 PSRT 0.82 (0.01) 66% (2) FigS11

S3 projected 16 km Yoffe16(40) S3 PSRT 0.82 (0.01) 63% (17%) FigS12
S6 projected 16 km Yoffe16(40) S3 PSRT 0.77 (0.03) 47% (36%) FigS12
J3 projected 16 km Yoffe16(40) S3 PRST 0.76 (0.02) 48% (17%) FigS12
G4 projected 16 km Yoffe16(40) S3 PSRT 0.76 (0.04) 50% (24%) FigS15
R3 projected 16 km Yoffe16(40) S3 PRST 0.75 (0.04) 48% (73%) FigS15

S3 projected 16 km Yoffe16(40) S6 PSRT 0.75 (0.03) 49% (41%) FigS14
S3 projected 16 km Yoffe16(40) J3 PSRT 0.75 (0.02) 54% (18%) FigS14

a subfault size of the finite fault model, original S3 model subfault size is 25 km × 16.6 km
b Yoffe16(): Yoffe function with rise time 16s with duration in parentheses; Cosine16: Co-
sine function with rise time 16; Tri16: Triangle function with rise time 16. The slip-rate
functions are shown in Figure S6
c Vr km/s - Rupture onset by constant rupture speed; Rupture onset - follow model rup-
ture onset time; PSRT - peak slip rate time (Figure S5 and Figure S13).

d median (standard deviation)
e supplementary figure showing the synthetics and observed waveforms comparison
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Table S3. Summary of teleseismic P wave velocity synthetics performance on changing geome-

try, subfault size, slip-rate, and rupture front time-alignment.

Slip model subfault a slip-rateb slip-rate
alignmentc

P wave cor-
relation d

P wave variance
reduction d

Figure e

S3 original original original 0.81 (0.01) 55% (25%) FigS16
S3 projected original original original 0.76 (0.01) 44% (65) FigS16
S3 projected original Yoffe16(40) original 0.52 (0.02) 20% (1%) FigS17
S3 projected original Yoffe16(40) S3 PSRT 0.71 (0.02) 50% (8%) FigS17
S3 projected original original Vr 2.0 km/s 0.48 (0.01) 21% (2%) FigS18
S3 projected original original Vr 1.5 &2.0

km/s
0.54 (0.01) 22% (24%) FigS18

S3 projected original Cosine16 S3 PSRT 0.74 (0.02) 52% (21%) FigS19
S3 projected original Tri 16 S3 PSRT 0.72 (0.02) 50% (8%) FigS19
S3 projected original Yoffe16(48) S3 PSRT 0.68 (0.02) 45% (4%) FigS20
S3 projected original Yoffe16(55) S3 PSRT 0.67 (0.02) 42% (3) FigS20

S3 projected 16 km Yoffe16(40) S3 PSRT 0.62 (0.01) 32% (11%) FigS21
S6 projected 16 km Yoffe16(40) S3 PSRT 0.53 (0.02) 15% (19%) FigS21
J3 projected 16 km Yoffe16(40) S3 PSRT 0.56 (0.03) 23% (16%) FigS21

S3 projected 16 km Yoffe16(40) S6 PSRT 0.58 (0.02) 32% (13%) FigS22
S3 projected 16 km Yoffe16(40) J3 PSRT 0.55 (0.02) 28% (13%) FigS22

a subfault size of the finite fault model, original S3 model subfault size is 25 km × 16.6 km
b Yoffe16(): Yoffe function with rise time 16s with duration in parentheses; Cosine16: Co-
sine function with rise time 16; Tri16: Triangle function with rise time 16. The slip-rate
functions are shown in Figure S6
c Vr km/s - Rupture onset by constant rupture speed; Rupture onset - follow model rup-
ture onset time; PSRT - peak slip rate time (Figure S5 and Figure S13).

d median (standard deviation)
e supplementary figure showing the synthetics and observed waveforms comparison
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Figure S1. Onshore and offshore horizontal geodetic displacement observations (red arrows)

and synthetics (black arrows), and their variance reduction values. (a)–(c) synthetic (black) and

observed (red) horizontal geodetic displacements of model S3 at the 16 (a), 32 (b), and 64 km

(c) scales. (d)–(f) geodetic synthetics and observations of model M (d), R3 (e), J5 (f) at the

16 km scale. (g) variance reduction values between the onshore geodetic synthetics and observa-

tions at the 16, 32, and 64 km scales. (h) variance reduction values between the offshore geodetic

synthetics and observations at the 16, 32, and 64 km scales..
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Figure S2. Comparison of teleseismic observations and synthetics at 32 km scale. (a) Map

view of 40 II and IU stations used in the analysis. Red triangles are the stations in (c). Dotted

circles show epicentral distances of 30circ and 90circ, respectively. (b) Normalized moment rate

functions of the original S3 model and the other 32 finite-fault models and the median model. (c)

Synthetic and observed teleseismic waveforms. Red lines are the observed waveforms; grey lines

are the synthetic waveforms from the 32 finite-fault models and the median model. Five rows

are P wave, SH wave, SV wave, Rayleigh wave, and Love wave, respectively. Amplitudes of the

observed waveforms are labeled at the lower-left corner of each waveform plot.
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Figure S3. Comparison of teleseismic observations and synthetics a 64 km scale. (a) Map

view of 40 II and IU stations used in the analysis. Red triangles are the stations in (c). Dotted

circles show epicentral distances of 30circ and 90circ, respectively. (b) Normalized moment rate

functions of the original S3 model and the other 32 finite-fault models and the median model. (c)

Synthetic and observed teleseismic waveforms. Red lines are the observed waveforms; grey lines

are the synthetic waveforms from the 32 finite-fault models and the median model. Five rows

are P wave, SH wave, SV wave, Rayleigh wave, and Love wave, respectively. Amplitudes of the

observed waveforms are labeled at the lower-left corner of each waveform plot.
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Figure S4. Seafloor uplift model of Jiang and Simons (2016) (model SJS), seafloor uplift

synthetics from the finite-fault models, and their variance reduction values between the synthet-

ics with model SJS. Grey dots show the modeled grid points. (a) Model SJS. (b)–(d) Synthetic

seafloor uplift of model J5 model at the 16 (b), 32 (c), and 64 km (d) scales, respectively. (e)–(h)

Synthetic seafloor uplift of the median slip model, models G5, R4, and S3 at a 16 km scale. (i)

variance reduction values between model SJS and synthetics of the 32 finite-fault models and the

median model at the 16, 32, and 64 km scales.
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Figure S5. Rutpure onset time alignment for the teleseismic synthetics. Panel a shows the

original rupture onset time of the S3 model. Panel b shows the alignment with the peak-slip-rate

time (PSRT) of the S3 model. Panel c shows the alignment with the constant 2.0 m/s rupture

velocity.
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symmetrical-triangular function with a rise time of 16 s (grey).
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Figure S7. Comparison of the Teleseismic P wave on changing fault geometry. P wave syn-

thetics of the S3 original model (red) and S3 projected model (blue) and observations (black)

for all 40 stations in Figure 11. The waveform is filtered between 10–200s period and aligned

with maximum cross-correlation value. Overall correlation and variance reduction value with the

observations are labeled at the top-right corner of the figure. Medians and standard deviations

of the correlation value of the original model and projected model synthetics are 0.9 and 0.01,

and 0.89 and 0.01, respectively. The median variance reduction of the original model is 80%, and

the projected model is 68%, respectively. Distance in degree and back azimuth of the station

are shown at the bottom-left corner of each waveform plot. Station trace ID and amplitude are

labeled at the upper-left corner of each waveform plot.
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Figure S8. Comparison of the Teleseismic P wave on unifying slip rate function with Yoffe

function and rupture front alignment. Same plotting as Figure S7. P wave synthetics of the S3

projected model [S3p] (blue), S3 projected unified slip rate model [S3p FixSR](orange), S3 pro-

jected unified slip rate model aligned with S3 peak slip rate time [S3p FixSR PSRT](green) and

observations (black) of all 40 stations.
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Teleseismic P waves in displacement (10.0-200.0s)

Figure S9. Comparison of the Teleseismic P wave on aligning rupture onset with constant

rupture velocity. Same plotting as Figure S7. S3 projected with fix 2.0 km/s rupture velocity

model [S3p Vr 20km/s](blue), P wave synthetics with two steps 1.5 km/s and 2.0 km/s rupture

velocity model [orange] (blue) and and observations (black) of all 40 stations.
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Figure S10. Comparison of the Teleseismic P wave with varying slip-rate function. Same

plotting as Figure S7. P wave synthetics with Yoffe slip-rate function (orange), synthetics with

cosine slip-rate function (blue), synthetics with triangular slip-rate function (red), and observa-

tions (black) of all 40 stations.
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Figure S11. Comparison of the Teleseismic P wave with varying Yoffe slip-rate function.

Same plotting as Figure S7. P wave synthetics with Yoffe function rise time and duration of 16

and 40 s (orange), synthetic with Yoffe function rise time and duration of 16 and 48s (blue), syn-

thetics with Yoffe function rise time and duration of 16 and 55s (red), and observations (black) of

all 40 stations.
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Teleseismic P waves in displacement (10.0-200.0s)

Figure S12. Comparison of the Teleseismic P wave with slip model S3, S6 and J3 at 16 km

resolution. Same plotting as Figure S7. P wave synthetics of slip model S3 (blue), synthetics of

slip model S6 (orange), synthetics of slip model J3 (green), and observations (black) of all 40

stations.
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Figure S13. Comparing models peak slip-rate time. Color contours show the (a) S3, (b) S6,

and (c) J3 models’ peak slip-rate time, respectively. Model S3 slip distribution is shown as the

color-filled contour. The peak slip-rate time of models S6 and J3 are spatially limited due to the

different fault parameterization of these two models. Hypocenters of these models are also shifted

due to the projection onto the realistic geometry
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Figure S14. Comparison of the Teleseismic P wave with rupture front alignment with the

peak-slip-rate time of S6 and J3 models with S3 slip model at 16 km resolution. Same plotting as

Figure S7. P wave synthetics with rupture front align with S6 peak-slip-rate time (blue), synthet-

ics with rupture front align with J3 peak-slip-rate time (orange), and observations (black) of all

40 stations.
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Teleseismic P waves in displacement (10.0-200.0s)

Figure S15. Comparison of the Teleseismic P wave with slip model G4, R3 and S3 at 16 km

resolution. Same plotting as Figure S7. P wave synthetics with G4 model slip distribution

(green), synthetics with R3 model slip distribution (blue), synthetics with S3 model slip dis-

tribution (red), and observations (black) of all 40 stations.
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Teleseismic P waves in velocity (10.0-200.0s)

Figure S16. Comparison of the Teleseismic velocity P wave with original S3 finite-fault model

and projected S3 finite-fault model. Same plotting as Figure S7. P wave synthetics of the orig-

inal S3 finite-fault model (blue), synthetics of the projected S3 finite-fault model (orange), and

observations (black) of all 40 stations.
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VR %:      Unify slip-rate - 20(1)
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Teleseismic P waves in velocity (10.0-200.0s)

Figure S17. Comparison of the Teleseismic velocity P wave with unified slip-rate function

with original onset-time alignment and peak-slip-rate time alignment. Same plotting as Fig-

ure S7. P wave synthetics of unified slip-rate function with original onset-time alignment (blue),

synthetics of unified slip-rate function with peak-slip-rate time alignment (orange), observations

(black) of all 40 stations.
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Figure S18. Comparison of the Teleseismic velocity P wave with onset-time alignment with

constant rupture speed of 2.0 km/s and two-step rupture speed with S3 slip distribution. Same

plotting as Figure S7. P wave synthetics of constant rupture speed of 2.0 km/s (blue), synthetics

of two-step rupture speed (orange), observations (black) of all 40 stations.
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Teleseismic P waves in velocity (10.0-200.0s)

Figure S19. Comparison of the Teleseismic velocity P wave with cosine slip-rate function and

triangular slip-rate function. Same plotting as Figure S7. P wave synthetics of cosine slip-rate

function (blue), synthetics of triangle slip-rate function (orange), observations (black) of all 40

stations.
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Teleseismic P waves in velocity (10.0-200.0s)

Figure S20. Comparison of the Teleseismic velocity P wave with varying Yoffe function.

Same plotting as Figure S7. P wave synthetics of the Yoffe function with 48s duration (blue),

synthetics of the Yoffe function with 55s duration (orange), and observations (black) of all 40

stations.
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Teleseismic P waves in velocity (10.0-200.0s)

Figure S21. Comparison of the Teleseismic velocity P wave with different model slip distri-

bution and S3 model PSRT onset-time alignment. Same plotting as Figure S7. P wave synthetics

of S3 slip model (blue), synthetics of S6 slip model (orange), synthetics of J3 slip model (green),

and observations (black) of all 40 stations.
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Teleseismic P waves in velocity (10.0-200.0s)

Figure S22. Comparison of the Teleseismic velocity P wave with different model PSRT onset-

time alignment and S3 model slip distribution. Same plotting as Figure S7. P wave synthetics of

S6 model PSRT (blue), synthetics of J3 model PSRT (orange), and observations (black) of all 40

stations.
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Figure S23. Comparison of teleseismic velocity observations and synthetics a 16 km scale.

Synthetic and observed teleseismic waveforms. Red lines are the observed waveforms; grey lines

are the synthetic waveforms from the 32 finite-fault models and the median model. Three rows

are P wave, SH wave and SV wave, respectively. Amplitudes of the observed waveforms are

labeled at the lower-left corner of each waveform plot.
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Figure S24. Correlation coefficient values between the teleseismic velocity observations and

synthetics at the 16, 32, and 64 km scales. (a) P wave. (b) SH wave. (c) SV wave. Median cor-

relation values between the synthetic and observed teleseismic waveforms at the 40 teleseismic

stations are taken as the characteristic correlation coefficient values for each model. Three mark-

ers indicate the characteristic median values for models at the 16, 32, and 64 km scales. Error

bars represent the associated standard deviation of correlation coefficient values of the 40 sta-

tions.
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