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Introduction  

Text S1 explains the details of the inversion methods in the main article. Fig. S1 

shows the trade-off curves used to determine the weight in the inversion. Fig. S2 

shows the displacement waveforms estimated by the proposed method at all the 

stations.  
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Text S1. 
In the main text, we conducted three kinds of inversions: the tsunami source 

inversion (Section 2), the finite fault inversion (Section 5), and the joint inversion 

(Section 6). The first two solve the equation below: 

!𝒅𝟎$ = ! 𝑮𝛼𝑺$𝒎,
(S1) 

where 𝒅, 𝑮, 𝑺, and 𝒎 are the data vector, kernel matrix, spatial smoothing matrix, 

and model vector, respectively. The weight parameter 𝛼 is determined based on 

the trade-off curve of the variance reduction (VR) and model variance. In this study, 

the variance reduction is defined as (Takemura et al., 2018): 

𝑉𝑅	 = 21 −
∑ ∫ 6𝑢!"#$(𝑡) − 𝑢!$%&(𝑡)9

'
d𝑡	!

∑ ∫ [𝑢!"#$(𝑡)]'d𝑡!
= × 100	[%], (S2) 

where 𝑢!"#$(𝑡) and 𝑢!$%&(𝑡) are the observed and synthetic waveforms at station 𝑖. 

The trade-off curves of each result are shown in Fig. S1. 

The tsunami source inversion is based on Kubota et al (2018). We first take 

the moving average with a time window of 60 sec and then apply a low-pass filter 

of 100 sec to the ocean-bottom pressure records. The time-derivative waveforms 

of them are used as the data and Green’s functions. We set the record length to 25 

min. The singular value decomposition is used to solve Eq. S1. 

In the finite fault inversion, we solve Eq. 1 by the non-negative least squares 

method (Lawson & Hanson, 1995). For the tsunami data, we apply the same 

preprocessing as in the tsunami source inversion. For the displacement data, we 

apply a low-pass filter of 20 sec and use 30 sec from the origin time. 

In the joint inversion, Eq. 1 is modified to: 

C
𝒅()*$
𝒅+$,&
𝟎

D =

⎣
⎢
⎢
⎢
⎡
𝑊()$*

𝑁"#$
𝑮()$*

𝑊+$,&

𝑁"#*-
𝑮+$,&

𝛼𝑺 ⎦
⎥
⎥
⎥
⎤

𝒎, (S3) 



 
 

3 
 

where 𝒅()*$, 𝑮()$*, and 𝑊()$* are the data vector, kernel matrix, and weight for the 

displacement records; 𝒅+$,&, 𝑮+$,&, and 𝑊+$,& are the same except that for the 

tsunami records;  𝑁"#$ and 𝑁"#*- are the number of ocean-bottom seismometers 

and ocean-bottom pressure gauges. The preprocessing for data is the same as the 

above. The weights are also decided by the trade-off curve. 
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Figure S1. (a) Trade-off curves used to determine the weight 𝜶 in the inversions of 
Figs. 2c, 3b, 4a, and 4b. The text at each point is 𝜶 in Eq. S1, and the red circles 
represent the weight we used. Note that although the result of Fig.4a comes from 
the bootstrap method, the trade-off curve is obtained by the single inversion. That 
is why the VR value is different from the main text. (b) Trade-off curves for the joint 
inversion (Fig. 4c). The left, center, and right panels are for 𝑾𝑫𝑰𝑷𝑺, 𝑾𝑻𝑺𝑼𝑵, and 𝜶 in 
Eq. S3, respectively. The text and color of each point indicates the weight and 
model variance.  
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Figure S2. Same as Fig. 3c except that at all other stations.  
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Figure S2. (Continued)  
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