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Supplementary Figure 1. Comparison of synthetic displacements, slips and strains between

forward model and the new method using a relatively dense synthetic network. (a) and (b) show



the slip, strain and surface displacements input, black boxes in (a) show the modelled region of the
oceanic and continental mantle; (c¢) and (d) present the slip, surface displacements and, strain
estimated by the new method; (e) and (f) present the slip, surface displacements and, strain

estimated by the forward model.
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Supplementary Figure 2. Comparison of synthetic displacements, slip and strain between the
forward model and the new method using the SuGAr network. (a) and (b) show the slip, strain and
surface displacements input, black boxes in (a) show the modelled region of the oceanic and
continental mantle; (c) and (d) present the slip, surface displacements and, strain estimated by the
new method; (e) and (f) present the slip, surface displacements and, strain estimated by the forward

model.
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Supplementary Figure 3. Comparison of synthetic displacements, slip and localized strain
between forward model and the new method using a relatively dense synthetic network. (a) and
(b) show the slip, strain with localized weak zone and surface displacements input; black boxes in (a)
show the modelled region of the oceanic and continental mantle; (¢) and (d) present the slip, surface
displacements and, strain estimated by the new method; (e) and (f) present the slip, surface

displacements and, strain estimated by the forward model.
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Supplementary Figure 4. Comparison between the GNSS postseismic time series (far-field) and

model predictions by forward models. East, North and Vertical presents the displacement
component, respectively.
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Supplementary Figure 5. Continued. Comparison between the GNSS postseismic time series
(near-field) and model predictions by forward models. East, North and Vertical presents the

displacement component, respectively.
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Supplementary Figure 6. Coseismic models used for experimental tests on how they affect the

afterslip and frictional properties estimates on the fault. Upper panel: slip models from Tsang et

al., 2016", Konca et al., 20082, and Gusman et al., 2010% Middle panel: slip and geometry differences

of these models along crossing profile 1(upper panel); Bottom panel: same as the middle panel but

along profile 2 (upper panel). Receiver flt: the fault geometry used for modeling afterslip on the

megathrust.
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Supplementary Figure 7. Afterslip comparison between different coseismic models (Figure 6).
(a), (b) and (c) shows the afterslip model estimated from Tsang et al., 2016’, Konca et al., 20082, and
Gusman et al., 2010%, respectively. Black contours show the rupture patch of the corresponding

coseismic slip model.
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Supplementary Figure 8. Comparison of frictional property estimates of the associated
afterslip models in Figure 7. (a), (b) and (c) shows the frictional properties estimates of afterslip
models (in Figure 5) estimated from Tsang et al., 2016", Konca et al., 20082, and Gusman et al., 2010?,
respectively. Black contours show the rupture patch of the corresponding coseismic slip model. Gray

contours show the rupture patch of the 2010 Mw 7.8 Mentawai tsunami earthquake *.
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Supplementary Figure 9. Comparison between the GNSS postseismic time series (near-field)

and model predictions by the new method. East, North and Vertical presents the displacement
component, respectively.
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Supplementary Figure 10. Continued. Comparison between the GNSS postseismic time series

(far-field) and model predictions by the new method. East, North and Vertical presents the

displacement component, respectively.
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Supplementary Figure 11. Comparison of postseismic surface displacements from afterslip
and viscous flow in the mantle between the forward model and the new method. (a), (c) and (e)
postseismic displacements from oceanic mantle, continental mantle and afterslip predicted by the
forward model, respectively; (b), (d) and (f) postseismic displacements from oceanic mantle,

continental mantle and afterslip predicted by the new method, respectively.
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Supplementary Figure 12. Afterslip estimated by the hybrid approach with the coseismic

rupture area penalized.
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