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Supplementary Figure 1 | Published rupture models of the Tohoku-oki earthquake that
included tsunami data as constraints. Each curve is labeled with its model number as in
Supplementary Tables 1 and 2. This is a subset of the models shown in Fig. 1. The use of
tsunami data in some of the recent models helped improve near-trench resolution of slip models

such as models 26 and 35, but not in all the recent models.



Supplementary Figure 2 | Finite element mesh used in this work for modeling coseismic
deformation of the Tohoku-oki earthquake. Inset: cross-section view of the mesh along the

central corridor for SDB calculation.
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Supplementary Figure 3 | Optimal SDB model for the central corridor using 2004-2011
ODB. a, Fault slip distribution over the most seaward 40 km. b, Residue between the SDB and
2004-2011 ODB. ¢, SDB produced using the slip distribution shown in a. d, 2004-2011 ODB.
The limited coverage seaward of the trench renders the OBD image much less reliable than the
1999-2011 image (Fig. 3d). e, Bathymetry acquired in 2004.
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Supplementary Figure 4 | SDB model for the central corridor with an average fault slip of
90 m and zero optimal depth adjustment. Otherwise the figure is similar to Fig. 3. a, Fault slip
distribution over the most seaward 40 km. b, Residue between the SDB and 1999-2011 ODB. c,
SDB produced using the slip distribution shown in a. d, 1999-2011 ODB. e, Bathymetry
acquired in 1999. The zoom-in area in ¢ and d shows that the SDB incorrectly predicts a wider

area of local bathymetry decrease than in the ODB.
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Supplementary Figure 5 | Optimal SDB model along bathymetry track MY 101 about 50
km north of the central corridor. Otherwise the figure is similar to Fig. 3. a, Fault slip
distribution. b, Residue between the SDB and ODB. ¢, SDB produced using the slip distribution
shown in a. d, ODB from data collected in 1999 and May 2011. e, Bathymetry acquired in 1999.
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Supplementary Figure 6 | A slip distribution of the Tohoku-oki earthquake that can satisfy
differential bathymetry and are also compatible with other geodetic data. a, Broad-scale
view of the model slip distribution (in meters) and model-predicted horizontal displacements in
comparison with land-based® and seafloor”® GPS measurements. b, Enlarged view of the main
rupture area (dashed box in a) with the two bathymetry tracks shown. ¢, View of the main
rupture area showing model-predicted uplift in comparison with coseismic uplift inferred from
seafloor GPS*® or OBP* data. The slip model shown in this figure represents an earthquake of
My=9.02 if rigidity is assumed to be 40 GPa. The slip distribution is not obtained by inversion
but is based on hand-extrapolating the slip distribution shown in Fig. 3a and Supplementary Fig.
5a. The forward modeling of surface displacements is done with the same mesh as shown in
Supplementary Fig. 2. The purpose is not to fit all the geodetic data, but to show that the
magnitude of seafloor displacements is consistent with most data, especially the ODB data at site
TJT1. A more complete understanding of the heterogeneous shallow slip distribution would

require more near-trench observations.



Supplementary Table 1 | Rupture models of the Tohoku-oki earthquake obtained by

including seafloor GPS data

Model No. Reference Data used Seafloor Peak Peak slip
(Ref No.) GPSsites  slip* along the
used (m) corridor (m)
1 Gusman etal.,  Tsunami (seafloor pressure and tide 5 sites 42.0 375
2012 (5) gauge), land and seafloor GPS
2 Hooper et al., Land and seafloor GPS, tsunami 5 sites 78.7 63.4
2013 (6) (seafloor pressure gauges), satellite
altimetry
3 linumaetal., Land and seafloor GPS, seafloor 7 sites 87.9 83.0
2012 (7) pressure sensors
4 Imakiire and Land and seafloor GPS <5 sites 59.2 54.1
Koarai, 2012
(8)
5 T. ltoetal., Land and seafloor GPS 3 sites 59.8 31.0
2011 (9)
6 Y. ltoetal, Seafloor pressure and acoustic 1 site 80.0 80.0
2011 (4) ranging records
7 Kubo and Teleseismic body waves, land and 5 sites 42.9 39.9
Kakehi, 2013 seafloor GPS
(10)
8 Kyriakopoulos Land and seafloor GPS (FEM 5 sites 39.2 35.9
etal., 2013 inversion)
(11)
9 Leeetal., 2011 Teleseismic waves, land and seafloor 5 sites 56.1 52.0
(12) GPS, strong motion
10 Minson et al., High-rate GPS, land and seafloor 7 sites 73.8 47.4
2014 (13) GPS, tsunami
11 Ozawa et al., Land and seafloor GPS 7 sites 64.0 48.0
2012 (1)
12 Perfettini and Land and seafloor GPS 6 sites 53.6 49.2
Avouac, 2014
(14)
13 Pollitz et al., Land (including very far field) and 5 sites 38.5 35.5
2011 (15) seafloor GPS
14 Pulvirenti et Land and seafloor GPS 5 sites 35.1 30.3
al., 2014 (16)
15 Romano et al., Land and seafloor GPS, tsunami 7 sites 44.7 31.1
2014 (17) (DART, coastal wave, seafloor

pressure gauges) (FEM inversion)



16

17

18

19

20

21

22

23

24

Shao et al.,
2012 (18)

Silverii et al.,
2014 (19)

Wang et al.,
2012 (20)

Wang et al.,
2013 (21)

Wei et al.,
2012 (22)

Wei et al.,
2014 (23)

Yokota et al.,
2011 (24)

Yue and Lay,
2013 (25)**

Zhou et al.,
2014 (26)

Teleseismic, local strong motion,
land & seafloor GPS

Land and seafloor GPS
Land and seafloor GPS, InSAR

Strong motion (K & KiK nets), land
and seafloor GPS

Strong motion, land and seafloor
GPS, DART data

Tsunami (open ocean GPS buoy),
land and seafloor GPS

Strong motion, teleseismic, land and
seafloor GPS, tsunami

High-rate GPS, teleseismic P wave,
Rayleigh wave, seafloor GPS

Land and seafloor GPS

5 sites

7 sites

5 sites

5 sites

5 sites

5 sites

5 sites

5 sites

7 sites

63.5

S71.7

49.9

47.6

48.0

48.7

35.3

70.4

53.0

60.5

49.0

48.7

46.5

44.8

37.7

30.8

41.7

46.5

* The peak values were obtained from the original finite fault slip models.
** Updated version of this model available on SRCMOD website is used in this work.



Supplementary Table 2 | Rupture models of the Tohoku-oki earthquake obtained without
using seafloor GPS data

Model No. Rupture model Data used Peak Peak slip
slip* along the
(m) corridor (m)
25 Ammon etal.,, Teleseismic P wave, Rayleigh wave, 40.0 354
2011 (27) high-rate GPS
26 Bletery et al., High-rate GPS, strong motion, 64.0 48.4
2014 (28)** teleseismic waves, tsunami, land
GPS
27 Diao et al., Land GPS 45.8 44.2
2013 (29)
28 Frankel et al., Strong motion and High-rate GPS 65.6 62.1
2013 (30)
29 Fujii et al., Tsunami (coastal tide gauge, 47.9 41.9
2011 (31) offshore GPS wave, pressure gauge,
open ocean buoy)
30 Hayes, 2011  Teleseismic body and surface waves 335 31.9
(32)
31 Ide et al., 2011 Teleseismic waves (empirical 30.7 23.4
(33) Green’s function)
32 Lay et al., Teleseismic P wave 58.1 55.6
2011 (34)
33 Maeda et al.,  Tsunami (coastal tide gauge, seafloor ~ 57.0 57.1
2011 (35) pressure gauge)
34 Maercklinet  Accelerometer (strong motion) (back  54.8 29.5
al., 2012 (36) projection)
35 Melgar and High-rate GPS, strong motion, 61.7 55.7
Bock, 2015 tsunami (wave gauge)
37)
36 Miyazaki et al., Land GPS 34.2 33.0
2011 (38)
37 Ozawa and INSAR, land GPS 28.7 28.4
Fujita, 2013
(39)
38 Saito et al., Tsunami (pressure gauge, GPS wave  33.4 24.0
2011 (40) gauge)
39 Satake et al., Tsunami (open ocean buoy, coastal 69.1 58.9

2013 (41)

tide gauge, pressure gauge)




40

41

42

43

44

45

Satriano etal.,  Teleseismic P wave (back projection

2014 (42) technique)
Simons et al., Land GPS, tsunami (open ocean
2011 (43) buoy)
Suzuki et al., Low frequency (0.01-0.125 Hz)
2011 (44) strong motion
Yagi and Teleseismic P wave
Fukahata, 2011
(45)
Yamazaki et Teleseismic P wave, Tsunami (GPS
al., 2011 (46) buoy, wave gauges, open ocean
Buoy)
Yoshida et al., Strong motion
2011 (47)

56.5

59.7

48.3

51.2

70.3

46.9

52.9

38.0

45.5

45.6

66.7

23.5

* The peak values were obtained from the original finite fault slip models.
** Seafloor GPS data were testing purpose only, not used in the preferred model.



Supplementary Table 3 | SDB models presented in this paper*

SDB Model ODBtofit  Average Slip Depth RMS Figure
slip gradient**  adjustment***  deviation Number
Optimal 1999-2011 62.0 5.0 5.0 8.481 3
MY 102
Huge slip 1999-2011 90.0 5.0 0.0 8.948 S4
MY 102
Slip increase  1999-2011 62.0 25.0 6.0 8.651 6
MY 102
Slip decrease  1999-2011 62.0 -15.0 4.0 8.731 7
MY 102
2004 2004-2011 52.0 -12.0 11 8.116 S3
MY 102
North track 1999-2011 42.0 20.0 0.5 10.589 S5
MY101

* Slip, depth adjustment, and RMS deviation are all in meters.

** Slip gradient is given as linear change (m) over the most near-trench 40 km. Positive values
indicate increase towards the trench.

*** Given the average slip and slip gradient in each model, the listed depth adjustment is the
optimal value (for obtaining the lowest RMS deviation).
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