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Text S1

Mapping moment ratios to amplitude ratios while accounting for detection bias

The peak amplitude of an LFE with the same moment decays approximately as the inverse of duration
(Fig. S20). Therefore the detection capability of a longer LFE with the same moment decreases. To
understand this effect on observed moment-duration scalings, we generate synthetic LFE waveforms
with different moments and durations. The moments of synthetic events are relative to the average
LFE at 0.2 sec, which is corresponding to the stacked 0.2-sec detection waveforms and assumed to
have a moment of 1. Based on the moment-amplitude-duration relation (Fig. S20), synthetic
waveforms with different moments (10*-10%) and durations (0.1-0.6 sec) are generated with
amplitudes scaled relative to the 0.2-sec event stack. Then we add noises randomly extracted from
real data to the synthetic waveforms. We cross correlate and stack all synthetic events with different-
duration templates. The detection threshold is set as the same as that used in the matched-filter
detection. When an event is detected, it is marked as a symbol in Fig. S21a. The result shows that the
lower bound of detections’ moment increases with duration, consistent with expectations. Then we
count the number of detections for each duration and calculate the percentage of detection using
moving windows along the moment axis. This results in the detection probabilities of moment for all

durations (Fig. S21b).
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We multiply the detection probabilities by the corresponding input moment distributions at different
durations. We consider three cases: linear moment duration scaling (M, « T), moment duration cubed
scaling (Myx T 3) and moment independent of duration scaling (moment equals constant, M, = C).
The real mean moment for a 0.2-sec event may be slightly lower than the 0.2-sec event stack (with
moment of 1). To test this effect, we set the 0.2-sec mean moment as 1, 0.5, 0.1 and 0.01. We generate
a series of moment distributions (log-normal with ¢ of 0.5), with the mean moment varying by
different moment-duration scaling relations (Figs. S22-S25). All distributions are multiplied by
corresponding detection probabilities to obtain the corrected observed moment distributions. Then
1000 random samples are drawn from the corrected distributions and the mean values represent the
expected moment after accounting for detection bias. Note that if the reference moment is 1 or 0.5, the
input scaling relations of all three cases can be correctly recovered (Figs. S22 and S23). If the 0.2-sec
mean moment is 0.1 or even lower (0.01), the recovered scalings for My« T 3 and M, = C start to be
biased towards M, « T (Figs. S24 and S25). The expected moments are converted back to amplitudes
based on the amplitude-moment relation (Fig. S20). The median, 5 and 95 percent of the 1000
realizations are obtained and compared to observations. As shown in Figs. 4 and S26-S28, the
observations are uniquely consistent with M, < T"when the 0.2-sec mean moment is from 1, 0.5 down
to 0.1, but indistinguishable between M, « T'and M, = C if the 0.2-sec mean moment is 0.01 (Fig.
S28). We consider that the real 0.2-sec mean moment is close to 1, which means that the amplitude of
the 0.2-sec stack is close to the real value. In the main text, we show the scaling predictions with the

0.2-sec mean moment equal to 1 (Fig. 4).

Effect of moment or duration binning on scaling

We add a note here that binning the LFE measurements by moment or duration may sometimes lead
to bias in scaling, given the uncertainties of measurements. Here we add one extra analysis of the
dataset produced by Supino et al. (2020), for LFEs in the Nankai subduction zone. We find that
binning by moment can lead to a scaling close to M, < T while binning by duration leads to a My« T 3

scaling (Fig. S15). To understand this binning effect, we carry out two synthetic datasets by
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generating data points of moments and corner frequencies, following M, o T or M, o T scaling
relations. For the M, « T dataset (Fig. S16), we fix the corner frequencies but add some random errors
to the moments (Fig. S17). In contrast, for the My x T’ 3 dataset (Fig. S18), we fix the moments but add
some random errors to the corner frequencies (Fig. S19). We find that for both cases, binning by
moment and duration result in different scalings. This illustrates that when large data uncertainties

exist, binning inappropriately can sometimes lead to bias in scaling.
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Figure S1. The relative mean velocity spectral power between 2 and 8 Hz band, for LFEs with
different durations (0.1 - 1 sec) that follow a linear moment-duration scaling (see also Figs. 1b and 1c).
For a fall-off rate y = 1 (Ide et al., 2007), longer events have larger relative power within 2-8 Hz. For
fall-off rates y >= 2 (Zhang et al., 2011; Supino et al., 2020), the peak occurs at 0.2 sec, suggesting

that 0.2-sec duration events have the highest energy within the 2 and 8 Hz band.
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durations: 0.1 sec (black), 0.2 sec (blue) and 0.4 sec (red). The corresponding noise powers (Fig. S6)

have been subtracted from the spectral powers of detection windows. Powers are calculated with

multi-taper methods with three tapers (NW = 2).
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sec before the corresponding detection windows (family 37102).
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175  Figure S24. Same as Fig. S22 except that the relative moment at 0.2 sec is set to 0.1.
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177 Figure S25. Same as Fig. S22 except that the relative moment at 0.2 sec is set to 0.01.
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179  Figure S26. Comparison of the observations of amplitude ratios (family 37102, same as Fig. 4c) with
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183  Figure S27. Comparison of the observations of amplitude ratios (family 37102, same as Fig. 4c) with
184  predictions from different moment duration scalings, here assuming the reference moment at 0.2 sec

185  is 0.1 (Fig. S24).
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187  Figure S28. Comparison of the observations of amplitude ratios (family 37102, same as Fig. 4c) with
188  predictions from different moment duration scalings, here assuming the reference moment at 0.2 sec
189  is 0.01 (Fig. S25).
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