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Abstract
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Tables:
Table S1. The global geoid and Global Strain Rate Map (GSRM) correlation coefficients, log of RMS misfit (surface motions in mm/yr), and total errors (see equation (2) ). These correlation coefficients for the geoid and GSRM, RMS misfits are calculated between the surface observables (Chambat et al., 2010; Kreemer et al., 2003, 2006) and predictions from the seismic tomography models S40RTS (Ritsema et al., 2011) and SAW642AN (Panning and Romanowicz, 2006), as well as the viscosity structures V1, V2, SH08, and GHW13 (Ghosh et al., 2013; Mitrovica and Forte, 2004; Steinberger and Holme, 2008).
Table S2. Same as Table S1, except for the lithosphere versus asthenosphere viscosity embedded within the viscosity structure SH08.
Table S3. Same as Table S1, except for the viscosity variations of the transition zone versus D'' layers embedded within the optimal 1 model (the lithosphere viscosity of 2.6 x 1022 Pa-s and the asthenosphere viscosity of 14 x 1019 Pa-s within the viscosity structure SH08).
Table S4. Same as Table S1, except for the viscosity variations of the transition zone versus D'' layers embedded within the optimal 2 model (the lithosphere viscosity of 25 x 1022 Pa-s and the asthenosphere viscosity of 2 x 1019 Pa-s within the viscosity structure SH08).


Table S1. The global geoid and Global Strain Rate Map (GSRM) correlation coefficients, log of RMS misfit (surface motions in mm/yr), and total errors (see equation (2) ). These correlation coefficients for the geoid and GSRM, RMS misfits are calculated between the surface observables (Chambat et al., 2010; Kreemer et al., 2003, 2006) and predictions from the seismic tomography models S40RTS (Ritsema et al., 2011) and SAW642AN (Panning and Romanowicz, 2006), as well as the viscosity structures V1, V2, SH08, and GHW13 (Ghosh et al., 2013; Mitrovica and Forte, 2004; Steinberger and Holme, 2008).

	Tomography
	      Viscosities 
Items
	GHW13
	V1
	V1_LM
	V1_MM
	V1_SM
	V2
	V2_LM
	V2_MM
	V2_SM
	SH08

	Models
	
	
	
	
	
	
	
	
	
	
	

	S40RTS
	VRMS
	97.39 
	68.60 
	42.25 
	26.18 
	40.37 
	71.74 
	30.74 
	27.22 
	57.46 
	33.99 

	
	Geoid
	0.36 
	0.50 
	0.78 
	0.89 
	0.74 
	0.44 
	0.77 
	0.82 
	0.53 
	0.82 

	
	GSRM
	0.86 
	0.56 
	0.85 
	0.83 
	0.78 
	0.50 
	0.85 
	0.82 
	0.67 
	0.83 

	
	log RMS
	0.98 
	1.33 
	1.05 
	1.01 
	1.06 
	1.37 
	0.93 
	0.95 
	1.21 
	0.95 

	
	Total errors
	1.76 
	2.27 
	1.42 
	1.29 
	1.54 
	2.43 
	1.31 
	1.31 
	2.01 
	1.30 

	
	WSM
	0.51
	0.32
	0.50
	0.49
	0.47
	0.29
	0.51
	0.49
	0.41
	0.50

	SAW642AN
	VRMS
	79.40 
	56.67 
	43.43 
	29.18 
	35.55 
	60.25 
	28.03 
	25.24 
	48.57 
	30.22 

	
	Geoid
	0.52 
	0.56 
	0.87 
	0.91 
	0.79 
	0.48 
	0.86 
	0.85 
	0.58 
	0.92 

	
	GSRM
	0.85 
	0.54 
	0.82 
	0.81 
	0.75 
	0.48 
	0.83 
	0.79 
	0.64 
	0.80 

	
	log RMS
	0.99 
	1.34 
	1.14 
	1.05 
	1.07 
	1.38 
	0.97 
	0.96 
	1.22 
	0.98 

	
	Total errors
	1.62 
	2.24 
	1.45 
	1.33 
	1.53 
	2.42 
	1.28 
	1.32 
	2.00 
	1.26 

	
	WSM
	0.50
	0.32
	0.49
	0.48
	0.45
	0.28
	0.50
	0.47
	0.38
	0.48




Table S2. Same as Table S1, except for the lithosphere versus asthenosphere viscosity embedded within the viscosity structure SH08.
	Models
	Aesth
Litho
	1.4 ×1019
	5.4 ×1019
	1.4×1020
	5.4×1020
	1.4×1021
	5.4×1021

	
	
	VRMS
	geoid
	GSRM
	log RMS
	Total errors
	VRMS
	geoid
	GSRM
	log RMS
	Total errors
	VRMS
	geoid
	GSRM
	log RMS
	Total errors
	VRMS
	geoid
	GSRM
	log RMS
	Total errors
	VRMS
	geoid
	GSRM
	log RMS
	Total errors
	VRMS
	geoid
	GSRM
	log RMS
	Total errors

	S40RTS
	5.6×1020
	134.15 
	0.23 
	0.41 
	1.41 
	2.77 
	97.53 
	0.35 
	0.20 
	1.53 
	2.98 
	83.84 
	0.42 
	0.09 
	1.56 
	3.05 
	73.97 
	0.47 
	-0.01 
	1.58 
	3.12 
	66.89 
	0.52 
	-0.09 
	1.59 
	3.16 
	47.46 
	0.68 
	-0.25 
	1.60 
	3.17 

	
	8.6×1020
	124.09 
	0.26 
	0.48 
	1.36 
	2.62 
	92.85 
	0.37 
	0.27 
	1.49 
	2.85 
	80.88 
	0.43 
	0.16 
	1.54 
	2.95 
	71.95 
	0.48 
	0.05 
	1.58 
	3.05 
	65.21 
	0.53 
	-0.03 
	1.59 
	3.09 
	46.37 
	0.69 
	-0.21 
	1.60 
	3.12 

	
	2.6×1021
	87.65 
	0.40 
	0.64 
	1.20 
	2.16 
	73.03 
	0.48 
	0.52 
	1.34 
	2.34 
	67.22 
	0.52 
	0.42 
	1.41 
	2.47 
	62.10 
	0.55 
	0.32 
	1.48 
	2.61 
	56.98 
	0.59 
	0.24 
	1.52 
	2.69 
	41.52 
	0.73 
	0.03 
	1.58 
	2.82 

	
	5.6×1021
	60.69 
	0.57 
	0.72 
	1.08 
	1.79 
	54.08 
	0.62 
	0.67 
	1.18 
	1.89 
	52.05 
	0.64 
	0.63 
	1.25 
	1.98 
	49.82 
	0.66 
	0.57 
	1.31 
	2.08 
	46.46 
	0.69 
	0.52 
	1.35 
	2.14 
	35.89 
	0.79 
	0.33 
	1.47 
	2.35 

	
	8.6×1021
	48.61 
	0.68 
	0.75 
	1.03 
	1.60 
	43.71 
	0.72 
	0.73 
	1.09 
	1.64 
	42.61 
	0.72 
	0.71 
	1.14 
	1.71 
	41.36 
	0.73 
	0.69 
	1.19 
	1.77 
	39.14 
	0.76 
	0.66 
	1.23 
	1.81 
	32.76 
	0.82 
	0.54 
	1.34 
	1.98 

	
	2.6×1022
	35.34 
	0.81 
	0.78 
	0.97 
	1.38 
	33.39 
	0.83 
	0.81 
	0.95 
	1.31 
	33.64 
	0.83 
	0.82 
	0.95 
	1.30 
	34.70 
	0.83 
	0.83 
	0.96 
	1.30 
	35.94 
	0.82 
	0.83 
	0.97 
	1.32 
	40.43 
	0.79 
	0.81 
	1.01 
	1.41 

	
	5.6×1022
	35.72 
	0.81 
	0.79 
	0.96 
	1.36 
	39.19 
	0.80 
	0.82 
	0.94 
	1.32 
	44.83 
	0.77 
	0.84 
	0.95 
	1.34 
	52.87 
	0.72 
	0.85 
	0.97 
	1.40 
	56.74 
	0.70 
	0.85 
	0.97 
	1.42 
	61.56 
	0.68 
	0.85 
	0.97 
	1.44 

	
	8.6×1022
	36.54 
	0.81 
	0.79 
	0.96 
	1.36 
	42.68 
	0.78 
	0.83 
	0.94 
	1.33 
	51.43 
	0.73 
	0.85 
	0.96 
	1.38 
	63.90 
	0.67 
	0.86 
	0.99 
	1.46 
	69.43 
	0.64 
	0.86 
	0.99 
	1.49 
	74.23 
	0.62 
	0.86 
	0.99 
	1.51 

	
	2.6×1023
	38.11 
	0.80 
	0.80 
	0.95 
	1.35 
	48.47 
	0.75 
	0.83 
	0.94 
	1.36 
	62.72 
	0.67 
	0.85 
	0.98 
	1.46 
	84.00 
	0.58 
	0.86 
	1.02 
	1.58 
	93.29 
	0.55 
	0.86 
	1.03 
	1.62 
	99.11 
	0.53 
	0.86 
	1.03 
	1.64 

	
	5.6×1023
	38.63 
	0.80 
	0.80 
	0.95 
	1.35 
	50.24 
	0.74 
	0.83 
	0.95 
	1.38 
	66.29 
	0.66 
	0.85 
	0.99 
	1.48 
	90.74 
	0.56 
	0.86 
	1.03 
	1.61 
	101.55 
	0.53 
	0.86 
	1.04 
	1.65 
	108.09 
	0.51 
	0.87 
	1.05 
	1.67 

	SAW642AN
	5.6×1020
	112.41 
	0.22 
	0.44 
	1.40 
	2.74 
	67.75 
	0.41 
	0.26 
	1.51 
	2.84 
	52.99 
	0.50 
	0.15 
	1.55 
	2.90 
	79.88 
	0.58 
	0.05 
	1.57 
	2.94 
	59.15 
	0.64 
	-0.02 
	1.58 
	2.96 
	36.26 
	0.80 
	-0.15 
	1.59 
	2.94 

	
	8.6×1020
	103.23 
	0.26 
	0.50 
	1.36 
	2.60 
	65.18 
	0.44 
	0.32 
	1.48 
	2.72 
	51.54 
	0.52 
	0.21 
	1.53 
	2.80 
	75.72 
	0.59 
	0.10 
	1.56 
	2.87 
	57.40 
	0.65 
	0.03 
	1.58 
	2.90 
	35.39 
	0.81 
	-0.12 
	1.59 
	2.90 

	
	2.6×1021
	70.80 
	0.47 
	0.64 
	1.20 
	2.09 
	53.36 
	0.58 
	0.52 
	1.34 
	2.24 
	44.47 
	0.63 
	0.43 
	1.42 
	2.36 
	58.37 
	0.67 
	0.33 
	1.48 
	2.48 
	48.90 
	0.72 
	0.26 
	1.52 
	2.54 
	31.50 
	0.85 
	0.07 
	1.57 
	2.65 

	
	5.6×1021
	47.96 
	0.69 
	0.70 
	1.08 
	1.69 
	40.59 
	0.74 
	0.66 
	1.19 
	1.79 
	35.58 
	0.76 
	0.61 
	1.26 
	1.89 
	42.46 
	0.78 
	0.55 
	1.33 
	2.00 
	38.47 
	0.81 
	0.49 
	1.38 
	2.08 
	27.31 
	0.90 
	0.33 
	1.48 
	2.25 

	
	8.6×1021
	38.52 
	0.79 
	0.73 
	1.03 
	1.51 
	33.13 
	0.83 
	0.71 
	1.10 
	1.56 
	29.73 
	0.84 
	0.69 
	1.15 
	1.62 
	34.45 
	0.85 
	0.66 
	1.21 
	1.70 
	31.62 
	0.87 
	0.62 
	1.25 
	1.76 
	25.54 
	0.92 
	0.50 
	1.37 
	1.95 

	
	2.6×1022
	31.18 
	0.90 
	0.76 
	0.96 
	1.30 
	30.17 
	0.92 
	0.79 
	0.96 
	1.25 
	31.73 
	0.92 
	0.80 
	0.97 
	1.25 
	30.35 
	0.92 
	0.80 
	0.99 
	1.27 
	30.62 
	0.92 
	0.80 
	0.99 
	1.27 
	36.19 
	0.90 
	0.78 
	1.02 
	1.34 

	
	5.6×1022
	33.18 
	0.90 
	0.77 
	0.95 
	1.28 
	41.12 
	0.90 
	0.80 
	0.94 
	1.24 
	50.94 
	0.89 
	0.82 
	0.98 
	1.27 
	36.82 
	0.86 
	0.83 
	1.03 
	1.34 
	47.62 
	0.85 
	0.83 
	1.04 
	1.36 
	55.16 
	0.83 
	0.82 
	1.04 
	1.39 

	
	8.6×1022
	34.35 
	0.90 
	0.78 
	0.94 
	1.26 
	46.88 
	0.89 
	0.81 
	0.95 
	1.25 
	61.80 
	0.87 
	0.82 
	1.00 
	1.31 
	40.08 
	0.83 
	0.83 
	1.06 
	1.40 
	57.07 
	0.81 
	0.83 
	1.07 
	1.43 
	65.96 
	0.79 
	0.83 
	1.07 
	1.45 

	
	2.6×1023
	36.24 
	0.89 
	0.78 
	0.94 
	1.27 
	56.41 
	0.87 
	0.81 
	0.95 
	1.27 
	81.68 
	0.83 
	0.83 
	1.03 
	1.37 
	45.23 
	0.77 
	0.84 
	1.11 
	1.50 
	73.81 
	0.74 
	0.84 
	1.13 
	1.55 
	86.67 
	0.73 
	0.83 
	1.13 
	1.57 

	
	5.6×1023
	36.81 
	0.89 
	0.78 
	0.94 
	1.27 
	59.38 
	0.86 
	0.81 
	0.96 
	1.29 
	88.47 
	0.82 
	0.83 
	1.04 
	1.39 
	46.77 
	0.75 
	0.84 
	1.12 
	1.53 
	79.35 
	0.73 
	0.83 
	1.14 
	1.58 
	94.06 
	0.71 
	0.83 
	1.15 
	1.61 












Table S3. Same as Table S1, except for the viscosity variations of the transition zone versus D'' layers embedded within the optimal 1 model (the lithosphere viscosity of 2.6 x 1022 Pa-s and the asthenosphere viscosity of 14 x 1019 Pa-s within the viscosity structure SH08).
	Items
	Viscosities
	Tomography models

	
	
	S40RTS
	SAW642AN

	
	D'' Layers
Transition 
zone
	1.8×1019
	5.8×1019
	1.8×1020
	5.8×1020
	1.8×1021
	5.8×1021
	1.8×1022
	1.8×1019
	5.8×1019
	1.8×1020
	5.8×1020
	1.8×1021
	5.8×1021
	1.8×1022

	VRMS
	5.5×1018
	52.22 
	66.60 
	75.23 
	78.99 
	80.62 
	82.35 
	85.83 
	49.08 
	58.28 
	64.83 
	67.85 
	69.19 
	70.62 
	73.48 

	Geoid
	
	0.53 
	0.41 
	0.37 
	0.33 
	0.32 
	0.31 
	0.30 
	0.59 
	0.45 
	0.41 
	0.35 
	0.34 
	0.33 
	0.32 

	GSRM
	
	0.84 
	0.85 
	0.84 
	0.84 
	0.83 
	0.83 
	0.83 
	0.79 
	0.81 
	0.81 
	0.81 
	0.80 
	0.80 
	0.80 

	log RMS
	
	1.09 
	0.97 
	0.94 
	0.92 
	0.93 
	0.93 
	0.93 
	1.22 
	1.05 
	0.99 
	0.95 
	0.94 
	0.95 
	0.95 

	Total errors
	
	1.71 
	1.72 
	1.72 
	1.76 
	1.77 
	1.80 
	1.81 
	1.84 
	1.79 
	1.77 
	1.79 
	1.80 
	1.82 
	1.83 

	VRMS
	1.5 ×1019
	44.65 
	59.37 
	69.92 
	74.69 
	76.72 
	78.68 
	82.50 
	44.31 
	51.57 
	59.20 
	62.99 
	64.64 
	66.26 
	69.37 

	Geoid
	
	0.67 
	0.50 
	0.45 
	0.38 
	0.37 
	0.33 
	0.32 
	0.73 
	0.56 
	0.50 
	0.42 
	0.41 
	0.36 
	0.35 

	GSRM
	
	0.84 
	0.84 
	0.84 
	0.83 
	0.83 
	0.83 
	0.83 
	0.79 
	0.81 
	0.81 
	0.81 
	0.81 
	0.80 
	0.80 

	log RMS
	
	1.12 
	1.00 
	0.96 
	0.94 
	0.94 
	0.94 
	0.94 
	1.25 
	1.08 
	1.02 
	0.95 
	0.95 
	0.95 
	0.95 

	Total errors
	
	1.62 
	1.66 
	1.68 
	1.73 
	1.74 
	1.77 
	1.79 
	1.72 
	1.71 
	1.70 
	1.72 
	1.73 
	1.78 
	1.79 

	VRMS
	5.5 ×1019
	40.89 
	42.34 
	53.72 
	59.79 
	62.38 
	64.69 
	68.98 
	69.37 
	46.24 
	39.83 
	46.49 
	51.05 
	53.11 
	54.98 

	Geoid
	
	0.85 
	0.70 
	0.62 
	0.49 
	0.48 
	0.45 
	0.43 
	0.89 
	0.76 
	0.68 
	0.55 
	0.53 
	0.50 
	0.48 

	GSRM
	
	0.83 
	0.83 
	0.83 
	0.83 
	0.82 
	0.82 
	0.82 
	0.79 
	0.81 
	0.81 
	0.81 
	0.80 
	0.80 
	0.80 

	log RMS
	
	1.13 
	1.01 
	0.98 
	0.94 
	0.94 
	0.95 
	0.95 
	1.24 
	1.08 
	1.02 
	0.96 
	0.96 
	0.96 
	0.96 

	Total errors
	
	1.44 
	1.47 
	1.52 
	1.63 
	1.64 
	1.68 
	1.70 
	1.55 
	1.51 
	1.53 
	1.61 
	1.62 
	1.66 
	1.68 

	VRMS
	1.5 ×1020
	63.34 
	34.07 
	35.15 
	40.68 
	43.45 
	45.88 
	50.36 
	65.44 
	36.16 
	32.70 
	36.18 
	38.28 
	40.21 
	43.84 

	Geoid
	
	0.84 
	0.82 
	0.75 
	0.59 
	0.57 
	0.53 
	0.51 
	0.91 
	0.86 
	0.80 
	0.65 
	0.63 
	0.59 
	0.57 

	GSRM
	
	0.83 
	0.83 
	0.83 
	0.82 
	0.82 
	0.82 
	0.82 
	0.79 
	0.81 
	0.81 
	0.80 
	0.80 
	0.80 
	0.80 

	log RMS
	
	1.11 
	1.01 
	0.97 
	0.95 
	0.95 
	0.95 
	0.95 
	1.22 
	1.07 
	1.01 
	0.96 
	0.96 
	0.96 
	0.96 

	Total errors
	
	1.44 
	1.35 
	1.40 
	1.53 
	1.55 
	1.60 
	1.62 
	1.51 
	1.40 
	1.41 
	1.51 
	1.53 
	1.57 
	1.59 

	VRMS
	5.5×1020
	105.22 
	56.36 
	32.70 
	27.68 
	27.54 
	28.27 
	30.60 
	99.55 
	53.23 
	29.58 
	23.90 
	23.54 
	24.16 
	26.38 

	Geoid
	
	0.65 
	0.76 
	0.81 
	0.84 
	0.84 
	0.81 
	0.80 
	0.81 
	0.88 
	0.91 
	0.90 
	0.90 
	0.87 
	0.85 

	GSRM
	
	0.83 
	0.83 
	0.82 
	0.82 
	0.81 
	0.81 
	0.81 
	0.80 
	0.80 
	0.80 
	0.79 
	0.79 
	0.79 
	0.79 

	log RMS
	
	1.07 
	0.99 
	0.96 
	0.95 
	0.95 
	0.95 
	0.95 
	1.15 
	1.03 
	0.99 
	0.96 
	0.96 
	0.97 
	0.97 

	Total errors
	
	1.60 
	1.40 
	1.33 
	1.29 
	1.30 
	1.33 
	1.34 
	1.55 
	1.34 
	1.28 
	1.26 
	1.27 
	1.31 
	1.33 

	VRMS
	1.5×1021
	124.96 
	71.85 
	42.30 
	32.05 
	29.36 
	28.20 
	27.61 
	116.06 
	65.38 
	36.03 
	25.30 
	22.49 
	21.39 
	21.26 

	Geoid
	
	0.62 
	0.71 
	0.76 
	0.83 
	0.83 
	0.83 
	0.82 
	0.79 
	0.85 
	0.88 
	0.91 
	0.91 
	0.90 
	0.89 

	GSRM
	
	0.83 
	0.82 
	0.82 
	0.81 
	0.81 
	0.81 
	0.81 
	0.79 
	0.80 
	0.80 
	0.79 
	0.79 
	0.79 
	0.79 

	log RMS
	
	1.07 
	0.99 
	0.96 
	0.95 
	0.95 
	0.96 
	0.96 
	1.14 
	1.02 
	0.99 
	0.96 
	0.96 
	0.97 
	0.97 

	Total errors
	
	1.62 
	1.45 
	1.38 
	1.31 
	1.31 
	1.32 
	1.33 
	1.56 
	1.37 
	1.30 
	1.26 
	1.26 
	1.28 
	1.29 

	VRMS
	5.5×1021
	136.05 
	81.25 
	49.36 
	37.06 
	33.25 
	31.15 
	28.85 
	125.60 
	73.12 
	41.40 
	28.55 
	24.49 
	22.34 
	20.41 

	Geoid
	
	0.58 
	0.65 
	0.69 
	0.77 
	0.78 
	0.79 
	0.80 
	0.76 
	0.81 
	0.84 
	0.90 
	0.90 
	0.91 
	0.91 

	GSRM
	
	0.82 
	0.82 
	0.82 
	0.81 
	0.81 
	0.81 
	0.80 
	0.79 
	0.80 
	0.80 
	0.79 
	0.79 
	0.78 
	0.78 

	log RMS
	
	1.06 
	0.99 
	0.97 
	0.95 
	0.96 
	0.96 
	0.96 
	1.12 
	1.02 
	0.98 
	0.97 
	0.97 
	0.97 
	0.97 

	Total errors
	
	1.65 
	1.51 
	1.46 
	1.37 
	1.37 
	1.36 
	1.36 
	1.57 
	1.40 
	1.34 
	1.28 
	1.28 
	1.28 
	1.29 

	VRMS
	1.5×1022
	140.14 
	85.13 
	52.37 
	39.31 
	35.10 
	32.68 
	29.84 
	129.44 
	76.74 
	44.17 
	30.51 
	25.97 
	23.40 
	20.71 

	Geoid
	
	0.58 
	0.65 
	0.69 
	0.76 
	0.77 
	0.79 
	0.79 
	0.75 
	0.81 
	0.84 
	0.89 
	0.90 
	0.90 
	0.91 

	GSRM
	
	0.82 
	0.82 
	0.82 
	0.81 
	0.81 
	0.80 
	0.80 
	0.79 
	0.80 
	0.80 
	0.79 
	0.79 
	0.78 
	0.78 

	log RMS
	
	1.06 
	0.99 
	0.97 
	0.96 
	0.96 
	0.96 
	0.96 
	1.12 
	1.02 
	0.98 
	0.97 
	0.97 
	0.97 
	0.98 

	Total errors
	
	1.66 
	1.52 
	1.47 
	1.38 
	1.38 
	1.37 
	1.36 
	1.57 
	1.41 
	1.35 
	1.29 
	1.28 
	1.29 
	1.29 

	VRMS
	5.5×1022
	145.36 
	91.13 
	57.18 
	42.91 
	38.08 
	35.23 
	31.69 
	134.94 
	83.06 
	49.40 
	34.47 
	29.18 
	25.97 
	22.15 

	Geoid
	
	0.58 
	0.64 
	0.67 
	0.75 
	0.76 
	0.78 
	0.79 
	0.75 
	0.80 
	0.82 
	0.88 
	0.89 
	0.90 
	0.90 

	GSRM
	
	0.82 
	0.82 
	0.82 
	0.81 
	0.81 
	0.80 
	0.80 
	0.80 
	0.80 
	0.80 
	0.79 
	0.79 
	0.78 
	0.78 

	log RMS
	
	1.05 
	0.99 
	0.97 
	0.96 
	0.96 
	0.96 
	0.96 
	1.10 
	1.01 
	0.99 
	0.97 
	0.97 
	0.98 
	0.98 

	Total errors
	
	1.66 
	1.53 
	1.48 
	1.40 
	1.39 
	1.38 
	1.38 
	1.56 
	1.42 
	1.37 
	1.30 
	1.30 
	1.30 
	1.30 




Table S4. Same as Table S1, except for the viscosity variations of the transition zone versus D'' layers embedded within the optimal 2 model (the lithosphere viscosity of 25 x 1022 Pa-s and the asthenosphere viscosity of 2 x 1019 Pa-s within the viscosity structure SH08).
	Items
	Viscosities
	Tomography models

	
	
	S40RTS
	SAW642AN

	
	   D'' Layers
Transition 
zone
	1.8×1019
	5.8×1019
	1.8×1020
	5.8×1020
	1.8×1021
	5.8×1021
	1.8×1022
	1.8×1019
	5.8×1019
	1.8×1020
	5.8×1020
	1.8×1021
	5.8×1021
	1.8×1022

	VRMS
	5.5×1018
	113.81 
	109.96 
	107.88 
	107.06 
	107.02 
	107.76 
	109.88 
	93.47 
	90.06 
	88.15 
	87.38 
	87.31 
	87.88 
	89.54 

	Geoid
	
	0.22 
	0.24 
	0.25 
	0.26 
	0.26 
	0.25 
	0.24 
	0.22 
	0.25 
	0.27 
	0.27 
	0.27 
	0.27 
	0.26 

	GSRM
	
	0.83 
	0.81 
	0.80 
	0.80 
	0.79 
	0.79 
	0.79 
	0.80 
	0.79 
	0.79 
	0.78 
	0.78 
	0.78 
	0.77 

	log RMS
	
	0.99 
	0.94 
	0.94 
	0.95 
	0.95 
	0.96 
	0.96 
	1.03 
	0.93 
	0.92 
	0.93 
	0.93 
	0.94 
	0.94 

	Total errors
	
	1.94 
	1.89 
	1.89 
	1.89 
	1.90 
	1.92 
	1.93 
	2.01 
	1.89 
	1.86 
	1.88 
	1.88 
	1.89 
	1.91 

	VRMS
	1.5 ×1019
	96.29 
	98.84 
	99.92 
	100.35 
	100.76 
	101.77 
	104.26 
	79.84 
	81.24 
	81.76 
	81.98 
	82.27 
	83.05 
	84.98 

	Geoid
	
	0.32 
	0.30 
	0.30 
	0.29 
	0.29 
	0.29 
	0.27 
	0.36 
	0.34 
	0.33 
	0.33 
	0.32 
	0.32 
	0.30 

	GSRM
	
	0.82 
	0.81 
	0.80 
	0.79 
	0.79 
	0.79 
	0.78 
	0.80 
	0.79 
	0.78 
	0.78 
	0.78 
	0.77 
	0.77 

	log RMS
	
	1.01 
	0.95 
	0.95 
	0.95 
	0.96 
	0.96 
	0.96 
	1.05 
	0.95 
	0.93 
	0.93 
	0.94 
	0.94 
	0.94 

	Total errors
	
	1.87 
	1.84 
	1.85 
	1.87 
	1.88 
	1.88 
	1.91 
	1.89 
	1.82 
	1.82 
	1.82 
	1.84 
	1.85 
	1.87 

	VRMS
	5.5 ×1019
	53.31 
	65.11 
	72.87 
	76.29 
	77.79 
	79.44 
	82.83 
	52.07 
	57.17 
	62.07 
	64.46 
	65.56 
	66.81 
	69.38 

	Geoid
	
	0.68 
	0.53 
	0.44 
	0.41 
	0.40 
	0.39 
	0.36 
	0.74 
	0.59 
	0.51 
	0.47 
	0.45 
	0.44 
	0.41 

	GSRM
	
	0.82 
	0.81 
	0.80 
	0.79 
	0.79 
	0.79 
	0.79 
	0.80 
	0.79 
	0.78 
	0.78 
	0.78 
	0.77 
	0.77 

	log RMS
	
	1.02 
	0.96 
	0.95 
	0.95 
	0.96 
	0.96 
	0.97 
	1.05 
	0.96 
	0.93 
	0.94 
	0.94 
	0.94 
	0.95 

	Total errors
	
	1.52 
	1.62 
	1.71 
	1.75 
	1.77 
	1.78 
	1.82 
	1.51 
	1.58 
	1.64 
	1.69 
	1.71 
	1.73 
	1.77 

	VRMS
	1.5 ×1020
	54.84 
	37.72 
	42.65 
	47.47 
	49.72 
	51.79 
	55.73 
	60.11 
	41.08 
	41.17 
	43.91 
	45.42 
	46.90 
	49.78 

	Geoid
	
	0.80 
	0.82 
	0.71 
	0.64 
	0.61 
	0.58 
	0.53 
	0.88 
	0.86 
	0.76 
	0.69 
	0.66 
	0.63 
	0.59 

	GSRM
	
	0.82 
	0.81 
	0.80 
	0.80 
	0.79 
	0.79 
	0.79 
	0.80 
	0.79 
	0.79 
	0.78 
	0.78 
	0.78 
	0.77 

	log RMS
	
	1.01 
	0.96 
	0.95 
	0.95 
	0.96 
	0.96 
	0.96 
	1.05 
	0.96 
	0.93 
	0.93 
	0.94 
	0.94 
	0.94 

	Total errors
	
	1.39 
	1.33 
	1.44 
	1.51 
	1.56 
	1.59 
	1.64 
	1.37 
	1.31 
	1.38 
	1.46 
	1.50 
	1.53 
	1.58 

	VRMS
	5.5×1020
	108.79 
	60.75 
	37.75 
	31.99 
	31.15 
	31.24 
	32.37 
	103.06 
	58.50 
	36.91 
	31.32 
	30.41 
	30.41 
	31.30 

	Geoid
	
	0.62 
	0.72 
	0.79 
	0.81 
	0.81 
	0.80 
	0.78 
	0.80 
	0.85 
	0.88 
	0.87 
	0.86 
	0.84 
	0.81 

	GSRM
	
	0.82 
	0.81 
	0.81 
	0.80 
	0.80 
	0.80 
	0.79 
	0.79 
	0.79 
	0.79 
	0.78 
	0.78 
	0.78 
	0.78 

	log RMS
	
	1.01 
	0.96 
	0.94 
	0.95 
	0.95 
	0.95 
	0.96 
	1.04 
	0.96 
	0.93 
	0.93 
	0.93 
	0.94 
	0.94 

	Total errors
	
	1.57 
	1.43 
	1.34 
	1.34 
	1.34 
	1.35 
	1.39 
	1.45 
	1.32 
	1.26 
	1.28 
	1.29 
	1.32 
	1.35 

	VRMS
	1.5×1021
	133.20 
	79.96 
	50.46 
	39.72 
	36.50 
	34.76 
	32.81 
	123.28 
	73.16 
	45.07 
	34.89 
	31.94 
	30.46 
	29.04 

	Geoid
	
	0.57 
	0.64 
	0.71 
	0.74 
	0.75 
	0.76 
	0.77 
	0.76 
	0.81 
	0.85 
	0.86 
	0.86 
	0.86 
	0.85 

	GSRM
	
	0.82 
	0.81 
	0.81 
	0.80 
	0.80 
	0.80 
	0.79 
	0.79 
	0.79 
	0.79 
	0.78 
	0.78 
	0.78 
	0.78 

	log RMS
	
	1.01 
	0.96 
	0.94 
	0.95 
	0.95 
	0.95 
	0.95 
	1.04 
	0.96 
	0.93 
	0.93 
	0.93 
	0.94 
	0.94 

	Total errors
	
	1.62 
	1.51 
	1.42 
	1.41 
	1.40 
	1.39 
	1.39 
	1.49 
	1.36 
	1.29 
	1.29 
	1.29 
	1.30 
	1.31 

	VRMS
	5.5×1021
	146.32 
	91.16 
	59.14 
	46.53 
	42.37 
	39.89 
	36.57 
	134.52 
	82.24 
	51.45 
	39.28 
	35.34 
	33.09 
	30.36 

	Geoid
	
	0.55 
	0.61 
	0.66 
	0.69 
	0.71 
	0.72 
	0.73 
	0.74 
	0.78 
	0.82 
	0.84 
	0.84 
	0.84 
	0.84 

	GSRM
	
	0.82 
	0.81 
	0.81 
	0.80 
	0.80 
	0.80 
	0.80 
	0.79 
	0.79 
	0.79 
	0.78 
	0.78 
	0.78 
	0.78 

	log RMS
	
	1.01 
	0.96 
	0.94 
	0.95 
	0.95 
	0.95 
	0.95 
	1.04 
	0.96 
	0.93 
	0.93 
	0.94 
	0.94 
	0.94 

	Total errors
	
	1.64 
	1.54 
	1.47 
	1.46 
	1.44 
	1.43 
	1.42 
	1.51 
	1.39 
	1.32 
	1.31 
	1.32 
	1.32 
	1.32 

	VRMS
	1.5×1022
	151.02 
	95.59 
	62.62 
	49.27 
	44.77 
	42.05 
	38.31 
	138.92 
	86.32 
	54.56 
	41.61 
	37.29 
	34.75 
	31.52 

	Geoid
	
	0.55 
	0.60 
	0.65 
	0.68 
	0.69 
	0.70 
	0.72 
	0.74 
	0.77 
	0.81 
	0.83 
	0.83 
	0.84 
	0.84 

	GSRM
	
	0.82 
	0.81 
	0.81 
	0.80 
	0.80 
	0.80 
	0.80 
	0.79 
	0.79 
	0.79 
	0.79 
	0.78 
	0.78 
	0.78 

	log RMS
	
	1.01 
	0.96 
	0.95 
	0.95 
	0.95 
	0.95 
	0.95 
	1.04 
	0.96 
	0.94 
	0.93 
	0.94 
	0.94 
	0.94 

	Total errors
	
	1.64 
	1.55 
	1.49 
	1.47 
	1.46 
	1.45 
	1.43 
	1.51 
	1.40 
	1.34 
	1.31 
	1.33 
	1.32 
	1.32 

	VRMS
	5.5×1022
	156.97 
	102.25 
	67.89 
	53.28 
	48.19 
	45.10 
	40.79 
	145.17 
	93.28 
	60.19 
	45.94 
	40.96 
	37.94 
	33.97 

	Geoid
	
	0.55 
	0.60 
	0.65 
	0.68 
	0.69 
	0.70 
	0.71 
	0.73 
	0.77 
	0.80 
	0.82 
	0.83 
	0.83 
	0.84 

	GSRM
	
	0.82 
	0.81 
	0.81 
	0.80 
	0.80 
	0.80 
	0.80 
	0.79 
	0.79 
	0.79 
	0.79 
	0.78 
	0.78 
	0.78 

	log RMS
	
	1.02 
	0.97 
	0.95 
	0.95 
	0.95 
	0.95 
	0.95 
	1.05 
	0.97 
	0.94 
	0.94 
	0.94 
	0.94 
	0.94 

	Total errors
	
	1.65 
	1.56 
	1.49 
	1.47 
	1.46 
	1.45 
	1.44 
	1.53 
	1.41 
	1.35 
	1.33 
	1.33 
	1.33 
	1.32 




Figures:
Figure S1. Global deviatoric stresses resulting from the tractions, plotted at every 5° on top of ETOPO1 topography. The traction related stresses are calculated from mantle flows based on the seismic tomography model S40RTS (Ritsema et al., 2011) and the radial viscosity structure SH08 (Steinberger and Holme, 2008). Tensional deviatoric stresses are shown by red arrows, while compressional deviatoric stresses are shown by black arrows. Strike-slip regions are indicated by one tensional and one compressional pair of arrows. Length of the arrows is proportional to the magnitude of vertically integrated stresses. (b) The combined deviatoric stresses from both the traction related stresses and GPE differences. The GPE differences are given by Ghosh et al. (2013).
Figure S2. Kinematic no-net-rotation (NNR) model from Kreemer et al. (2006) (blue arrows) along with the predicted velocities in an NNR frame (red arrows) from our global dynamic model. The legend for the velocity and global log of RMS misfit are noted on the center bottom. The predicted velocities are computed from the combined stresses (Figure S1b).
Figure S3. Correlation coefficients between the deviatoric stress tensors from the combined stresses (Figure S1b) and the Global Strain Rate Map (Kreemer et al., 2003). The correlation coefficient is noted on top left.
Figure S4. (a) SHmax directions (maximum horizontal stress orientations) from the World Stress Map (Heidbach et al., 2008, 2010; Zoback, 1992) averaged within 1° x 1° areas. Red indicates normal fault regime, blue indicates thrust regime, whereas green denotes strike-slip regime. (b) The most compressive principal axes of the stress tensors from the combined stresses (Figure S1b). The colors indicate the strain environment predicted by the deviatoric stresses of the model. Red indicates the maximum horizontal compression orientation in a normal fault regime, blue indicates the maximum horizontal compression in a thrust fault regime, and green denotes the maximum horizontal compressive stress direction in a strike-slip regime. (c) Correlation coefficients between the predicted stress tensors and from the World Stress Map stresses. 

[image: ]
Figure S1. Global deviatoric stresses resulting from the tractions, plotted at every 5° on top of ETOPO1 topography. The traction related stresses are calculated from mantle flows based on the seismic tomography model S40RTS (Ritsema et al., 2011) and the radial viscosity structure SH08 (Steinberger and Holme, 2008). Tensional deviatoric stresses are shown by red arrows, while compressional deviatoric stresses are shown by black arrows. Strike-slip regions are indicated by one tensional and one compressional pair of arrows. Length of the arrows is proportional to the magnitude of vertically integrated stresses. (b) The combined deviatoric stresses from both the traction related stresses and GPE differences. The GPE differences are given by Ghosh et al. (2013).
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Figure S2. Kinematic no-net-rotation (NNR) model from Kreemer et al. (2006) (blue arrows) along with the predicted velocities in an NNR frame (red arrows) from our global dynamic model. The legend for the velocity and global log of RMS misfit are noted on the center bottom. The predicted velocities are computed from the combined stresses (Figure S1b).
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Figure S3. Correlation coefficients between the deviatoric stress tensors from the combined stresses (Figure S1b) and the Global Strain Rate Map (Kreemer et al., 2003). The correlation coefficient is noted on top left.
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[bookmark: _GoBack]Figure S4. (a) SHmax directions (maximum horizontal stress orientations) from the World Stress Map (Heidbach et al., 2008, 2010; Zoback, 1992) averaged within 1° x 1° areas. Red indicates normal fault regime, blue indicates thrust regime, whereas green denotes strike-slip regime. (b) The most compressive principal axes of the stress tensors from the combined stresses (Figure S1b). The colors indicate the strain environment predicted by the deviatoric stresses of the model. Red indicates the maximum horizontal compression orientation in a normal fault regime, blue indicates the maximum horizontal compression in a thrust fault regime, and green denotes the maximum horizontal compressive stress direction in a strike-slip regime. (c) Correlation coefficients between the predicted stress tensors and from the World Stress Map stresses.
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