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Supplemental note 10 

In this supplemental notes, to demonstrate the robustness of the shallow slip patch, we show 11 

dozens of slip models obtained by conducting additional inversions under different sorts of 12 

model settings; fault models, plate geometry, elastic properties and slip direction. 13 

We performed an inversion in which the shallower 7 × 19 subfaults were completely 14 

removed. The larger fault slip with a maximum amplitude of ~9.5 cm was inferred in the deep 15 

patch (Fig. S5c), compared to the slip model shown in the main text (hereafter, refer as the final 16 

slip model) (Fig. 3c). The calculated vectors are within or close to the error ellipsoids. However, 17 

the value of ABIC was 389.26, which was significantly larger than 236.54 in the final slip 18 

model. In fact, the misfit between the observed and calculated displacement vectors became 19 

systematically smaller in stations close to the southern coast by introducing the shallow 20 

subfaults (Figs. 3b and S5b). Therefore, we conclude that the shallower slip is necessary to 21 

better explain the observed vectors in the southern stations. 22 

The final slip model was obtained by assuming one of the plate geometry models41-43 and a 23 

Poisson’s ratio of 0.25. Thus, one may argue that the small shallow slip could be biased by the 24 

assumed plate geometry and/or elastic properties. To investigate the robustness of the shallow 25 

slip dependency on plate geometry and elastic properties, we conducted additional sets of 26 

inversion using different plate geometries46,47 and a plausible range of Poisson’s ratio48 (Table 27 

S2). We confirmed that all the inversion results exhibited two slip patches at both shallow and 28 

deep depths, which closely resembles the final slip model shown in Fig. 3c, despite any 29 

combination of plate geometry and Poisson’s ratio. The slip amplitude in the final slip model 30 

(Fig. 3c) is the smallest among the three plate geometry models41-43,46,47, because the depth of 31 

the plate interface adopted in the final model is the shallowest. Fig. S6 shows two slip models 32 

that exhibit the smallest and largest slip amplitudes in the shallow slip patch where the seismic 33 

moments released from each slow slip transient are calculated to be 0.85×1018 and 4.69×1018 34 
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Nm, respectively (Table S2). To assess the significance of the slip amplitude at the shallow slip 35 

patch for these two end-member models, we conducted slip inversions for 100 cases using 35 36 

randomly selected GNSS stations and obtained the average slip distribution and its standard 37 

deviation (Fig. S7). Both results indicate that the shallow slip was significant, regardless of 38 

different combinations of plate geometries and elastic properties. In addition, seismic wave 39 

velocity structure imaged by earthquake tomography has indicated that there is no strong lateral 40 

elastic heterogeneity within the overriding plate beneath the western Shikoku region48. 41 

It may be possible to further consider a three-dimensional crustal structure including surface 42 

topography. In the case of the SSEs in New Zealand, the elastic response assuming a 43 

homogeneous half-space underestimates the amplitude of shallow fault slip by more than 40% 44 

compared to the case that assumes a heterogeneous crustal structure49,50. Thus the shallow slow 45 

slip transient in the present study is well above the estimation error, if the effect of three-46 

dimensional crustal structure is considered. 47 

Figure S8 summarizes the slip models obtained by changing the slip directions between 48 

N105E to N145E with a 10 degree interval (the slip direction in the final slip model was fixed 49 

to N125E). These slip models commonly showed a shallow slip patch, although there was a 50 

slight difference in its magnitude of slip. This result means that the shallow slip patch was 51 

robust with regard to the small change (20 degrees) in slip directions. Combining all of these 52 

analyses described above, we conclude that the fault slip in the shallow subfaults is a significant 53 

feature. 54 

 55 
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Supplemental Figures and Tables  71 
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 74 

Fig. S1. Stacked GNSS time series for all stations. a, Stacked displacements at GNSS 75 

stations in western Shikoku (green triangles) with 2-σ observation errors shown by the 76 

ellipsoids. b, Red and black lines indicate the east-west (EW) and north-south (NS) 77 

components, respectively, of the stacked GNSS time series (see Methods) at all stations except 78 

for those shown in Fig. 2. Light red and gray lines are the EW and NS components of the GNSS 79 

time series for each ETS.  80 

 81 
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 82 

Fig. S2. Slip model and estimation errors. a, Distribution of the estimation error of fault slip 83 

shown in Fig. 3c. b, Slip distribution that exceeds the estimation error shown in a. Red dots 84 

indicate the LFE locations. The dashed lines are the depth contours of the upper surface of the 85 

subducting PH with an interval of 10 km41-43 86 
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 88 

Fig. S3. Average slip model and its standard deviation using 31 stations. a, Slip distribution 89 

averaged for 100 cases obtained by using 31 randomly selected stations and b, its standard 90 

deviation. Red dots indicate the LFE locations. The dashed lines are the depth contours of the 91 

upper surface of the subducting PH with an interval of 10 km41-43. 92 
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  94 

Fig. S4. Displacements due solely to slip in the shallower patch. Blue arrows indicate 95 

displacements calculated from slip only in the shallower patches with 2-σ observation errors. 96 
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 98 

Fig. S5. Calculated and slip model without shallower subfaults. a, Comparisons between 99 

the observed (black) and the calculated (blue) displacement vectors. b the residuals between 100 

the two vectors. Ellipsoids indicate the 2-σ observation errors. c, Cumulative slip distribution. 101 

Red dots indicate the LFE locations. The dashed lines are the depth contours of the upper 102 

surface of the subducting PH at an interval of 10 km41-43.  103 

 104 
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 106 

Fig. S6. Plate geometry and slip model. a, Comparison of the plate models. Black, red, and 107 

blue dashed lines are the depth contours of the upper surface of the subducting PH with an 108 

interval of 10 km obtained from refs. 41–43, Slab246, and ref. 47, respectively. We defined the 109 

upper surface of the PH as 10 km above the oceanic Moho geometry in the case of ref. 47. b, 110 

c, Slip distributions with smallest and largest slip amplitudes in the shallow slip patch among 111 

nine inversion cases (Table S2). Red dots indicate the LFE locations. 112 

 113 
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 115 

Fig. S7. Average slip models and their standard deviations in the cases of smallest and 116 

largest shallow slip using 35 stations. a, Slip distribution averaged for 100 cases obtained by 117 

using 35 randomly selected stations and b, its standard deviation in the case of smallest slip 118 

amplitude in the shallow slip patch shown in Fig. S6b. c, Slip distribution averaged for 100 119 

cases obtained by using 35 randomly selected stations and d, its standard deviation in the case 120 

of largest slip amplitude in the shallow slip patch shown in Fig. S6c. Red dots indicate the LFE 121 
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locations. The dashed lines are the depth contours of the upper surface of the subducting PH 122 

(a,b41-43; c,d46) with an interval of 10 km. 123 

 124 

 125 

Fig. S8. Slip models with different slip directions. Slip distributions in cases of slip directions 126 

fixed to a, N105E, b, N115E, c, N135E and d, N145E, respectively. Note that the slip direction 127 

was assumed to be N125E12 in the main result (Fig. 3) Red dots indicate the LFE locations. 128 
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The dashed lines are the depth contours of the upper surface of the subducting PH41-43 with an 129 

interval of 10 km. 130 
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Table S1. List of S-SSEs in western Shikoku. Onset of S-SSEs detected by tiltmeters16 and 132 

GNSS data17 are summarized with their seismic moments, compared with the maximum day 133 

of LFE numbers. 134 

 135 

  136 
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Table S2. List of settings and results of inversion analysis. Seismic moments and their 137 

corresponding moment magnitudes summed up in the entire fault and the shallow fault 138 

exceeding the estimation error are summarized for each inversion case. *The inversion result 139 

shown in Figs. 3, S2 and S3 mainly discussed in the paper. **The inversion result shown in 140 

Figs. S6b, S7a and S7b exhibiting the smallest slip amplitude in the shallow slip patch. ***The 141 

inversion result shown in Figs. S6c, S7c, and S7d exhibiting the largest slip amplitude in the 142 

shallow slip patch. 143 

 144 
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