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Estimate the OTEM signal

The inner loop described in Section 6 addresses the over parameterized problem:

y = X · β + ε (S1)

where y is a response N-vector of hourly means of a single component of data, X is given by

Eq.S2, β is a 2p+ 1 vector of parameters and ε is an N-vector of random errors. The transpose of

the N × (2p+ 1) predictor matrix XT is given by

XT =



f1(t0)cos(ω1t0 + φ1 + u1(t0)) · · · f1(tN−1)cos(ω1tN−1 + φ1 + u1(tN−1))

...
...

...

fp(t0)cos(ωpt0 + φp + up(t0)) · · · fp(tN−1)cos(ωptN−1 + φp + up(tN−1))

f1(t0)sin(ω1t0 + φ1 + u1(t0)) · · · f1(tN−1)sin(ω1tN−1 + φ1 + u1(tN−1))

...
...

...

fp(t0)sin(ωpt0 + φp + up(t0)) · · · fp(tN−1)sin(ωptN−1 + φp + up(tN−1))

1 · · · 1



(S2)

where fi(tj) and ui(tj) are the nodal modulation amplitude and phase for the i-th tidal species

at the j-th time point expressed as modified Julian day. If nodal modulations are not available, fi

and ui are set to 1 and 0, respectively. The variables φ are the phase shifts relative to 1 Jan 1992 at

0000 UT.

Once the solution of Eq.S1 has been obtained, we compute the multi-taper power spectrum of

the residuals resulting from removal of all of the lines in y. The residual power spectrum at the

period of each line is used to compute the corresponding residual variance σ̂2
i . Each line is then

assessed using the hypothesis test H0: µ̂i = 0 vs H1: µ̂i > 0. At each outer iteration, the set of

line periods is culled of those values corresponding to p-values greater than 0.05 and the entire

procedure is repeated. The procedure terminates when all of the p-values are below 0.05, which

typically takes 2-4 iterations. When the iterative procedure described above is finished, confidence

intervals are placed on the amplitudes and phases using a percentile bootstrap approach. A set of
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980 bootstrap replicates of the final predictor matrix and robust weights, along with the data, are

obtained by random sampling with replacement. The weighted least squares solution is obtained

for each line, and the total tail probability is 0.05, since it is apportioned equally between the

amplitude and phase.
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Figure S1. The sea surface height variation and phase of M2 tidal constituent predicted by TPXO8 (Egbert

& Erofeeva 2002). The cotidal lines (white lines) are spaced at phase interval of 60◦.
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Figure S2. Contour plot of phase of PM (left column) and TM (right column) response function varying

with (a)-(b) lithospheric resistivity ρl and the LAB depth. The solid and dotted contours are for models

in which ρa is 50 and 200 Ωm, respectively. The black dashed line in b denotes the line ρlHl = const.

(c)-(d) asthenospheric resistivity ρa and the LAB depth with fixed lithospheric resistance ρlHl. The solid

and dotted contours are for models in which the resistance is 8 × 108Ωm2 and 4 × 108Ωm2, respectively.
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Figure S3. The amplitude of satellite Bz component in geomagnetic model CM5 (Sabaka et al., 2015).

Figure S4. The phase of the M2 OTEM field. (a) The vertical magnetic component Bz at satellite altitude

(430 km) (b) The north magnetic component Bx on the seafloor.
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Figure S5. Changes in the phase of magnetic signal when the LAB depth increases from 70 to 130 km

(the left column), and the mantle water content increases from 100 to 200 ppm (the right column). (a)-(b)

The vertical magnetic signal Bz at satellite altitude. (c)-(d) The vertical magnetic signal Bz on the Earth’s

surface. (e)-(f) The north component Bx on the seafloor. Note that the scattered outliers are located in

regions where the amplitude and phase are small, so a fluctuation in the real or imaginary part of magnetic

field can result in large phase shift, but the modeling results are still reliable.
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Figure S6. The pseudocolor plot of seafloorBz component in the Indian Ocean (left column) and northeast-

ern Pacific (right column) as a function of ρa and ρlHl. (a)-(b) The relative difference in amplitude. (c)-(d)

The absolute differences in phase. Other symbols are similar to Fig. 9 in the main text.
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Figure S7. The observed versus predicted magnetic signal at BEMPEX seafloor stations. (a) The amplitude

of Z. (b) The phase of Z. Symbols are same with Fig. 13.
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