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This supplemental material provides the figures for the results related to the
main text yet not shown. See the caption of the corresponding figure in the main
text for detailed descriptions of the figures. See Sect. 2 of the main text for the
seismic catalog information and the preprocessing methods to obtain the time
series named CMT, JS, JA, SCA1, SCA2, SCA3, SCS1, and SCS2.

1 Figures S1- for ΨmM(i|τM), Ψ∆m(i|y), and the neg-
ative binomial distribution

Figures S1-(1) to S1-(7) show ΨmM(i|τM), Ψ∆m(i|y), and the negative binomial
distributions for each time series with ∆m values: (a) ∆m = 0.5, (b) ∆m = 1.0,
and (c) ∆m = 1.5, for Fig. S1-(1), S1-(3), and S1-(5) ‒ S1-(7); (a) ∆m = 0.2,
(b) ∆m = 0.4, (c) ∆m = 0.6, and (d) ∆m = 0.8 for Fig. S1-(2) and S1-(4).

1



10
-4

10
-3

10
-2

10
-1

10
0

10
-5

10
-4

10
-3

10
-2

10
-1

10
0

10
1

10
2

(a)

Ψ
m

M
(1

|τ
M

),
Ψ^

0
.5

(1
|y

)

y

10
-4

10
-3

10
-2

10
-1

10
0

10
-5

10
-4

10
-3

10
-2

10
-1

10
0

10
1

10
2

Ψ
m

M
(2

|τ
M

),
Ψ^

0
.5

(2
|y

)

y

10
-4

10
-3

10
-2

10
-1

10
0

10
-5

10
-4

10
-3

10
-2

10
-1

10
0

10
1

10
2

Ψ
m

M
(3

|τ
M

),
Ψ^

0
.5

(3
|y

)

y

10
-4

10
-3

10
-2

10
-1

10
0

10
-5

10
-4

10
-3

10
-2

10
-1

10
0

10
1

10
2

Ψ
m

M
(4

|τ
M

),
Ψ^

0
.5

(4
|y

)

y

10
-4

10
-3

10
-2

10
-1

10
0

10
-5

10
-4

10
-3

10
-2

10
-1

10
0

10
1

10
2

Ψ
m

M
(5

|τ
M

),
Ψ^

0
.5

(5
|y

)

y

m=3.0
m=3.3
m=3.6
m=3.9
m=4.2
m=4.5
superpose
Negative Binomial (y>y0)
Negative Binomial (y<y0)

10
-4

10
-3

10
-2

10
-1

10
0

10
-5

10
-4

10
-3

10
-2

10
-1

10
0

10
1

10
2

(b)

Ψ
m

M
(1

|τ
M

),
Ψ^

1
.0

(1
|y

)

y

10
-4

10
-3

10
-2

10
-1

10
0

10
-5

10
-4

10
-3

10
-2

10
-1

10
0

10
1

10
2

Ψ
m

M
(2

|τ
M

),
Ψ^

1
.0

(2
|y

)

y

10
-4

10
-3

10
-2

10
-1

10
0

10
-5

10
-4

10
-3

10
-2

10
-1

10
0

10
1

10
2

Ψ
m

M
(3

|τ
M

),
Ψ^

1
.0

(3
|y

)

y

10
-4

10
-3

10
-2

10
-1

10
0

10
-5

10
-4

10
-3

10
-2

10
-1

10
0

10
1

10
2

Ψ
m

M
(4

|τ
M

),
Ψ^

1
.0

(4
|y

)

y

10
-4

10
-3

10
-2

10
-1

10
0

10
-5

10
-4

10
-3

10
-2

10
-1

10
0

10
1

10
2

Ψ
m

M
(5

|τ
M

),
Ψ^

1
.0

(5
|y

)

y

m=3.0
m=3.2
m=3.4
m=3.6
m=3.8
m=4.0
superpose
Negative Binomial (y>y0)
Negative Binomial (y<y0)

10
-4

10
-3

10
-2

10
-1

10
0

10
-5

10
-4

10
-3

10
-2

10
-1

10
0

10
1

10
2

(c)

Ψ
m

M
(1

|τ
M

),
Ψ^

1
.5

(1
|y

)

y

10
-4

10
-3

10
-2

10
-1

10
0

10
-5

10
-4

10
-3

10
-2

10
-1

10
0

10
1

10
2

Ψ
m

M
(2

|τ
M

),
Ψ^

1
.5

(2
|y

)

y

10
-4

10
-3

10
-2

10
-1

10
0

10
-5

10
-4

10
-3

10
-2

10
-1

10
0

10
1

10
2

Ψ
m

M
(3

|τ
M

),
Ψ^

1
.5

(3
|y

)

y

10
-4

10
-3

10
-2

10
-1

10
0

10
-5

10
-4

10
-3

10
-2

10
-1

10
0

10
1

10
2

Ψ
m

M
(4

|τ
M

),
Ψ^

1
.5

(4
|y

)

y

10
-4

10
-3

10
-2

10
-1

10
0

10
-5

10
-4

10
-3

10
-2

10
-1

10
0

10
1

10
2

Ψ
m

M
(5

|τ
M

),
Ψ^

1
.5

(5
|y

)

y

m=3.0
m=3.1
m=3.2
m=3.3
m=3.4
m=3.5
superpose
Negative Binomial (y>y0)
Negative Binomial (y<y0)

Figure S1-(1): JS
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Figure S1-(2): JA
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Figure S1-(3): SCA1
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2 Figures S2- for ρmM(τm|2, τM) and PmM(τm/τM|2, τM)

Figures S2-(1) to S2-(7) show ρmM(τm|2, τM) and PmM(τm/τM |2, τM) for each
time series. ∆m values are: (a) ∆m = 0.5, (b) ∆m = 1.0, and (c) ∆m = 1.5
for Figs. S2-(1), S2-(3), and S2-(5) ‒ S2-(7); (a) ∆m = 0.2, (b) ∆m = 0.4, (c)
∆m = 0.6, and (d) ∆m = 0.8 for Figs. S2-(2) and S2-(4).
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3 Figures S3- for P̂mM(x|y) and P∆m(x|y)

Figures S3-(1) to S3-(7) show P̂mM(x|y) and P∆m(x|y) with: (a) ∆m = 0.4, (b)
∆m = 0.8, (c) ∆m = 1.2, and (d) ∆m = 1.6 for Fig. S3-(1); (a) ∆m = 0.2, (b)
∆m = 0.4, (c) ∆m = 0.6, and (d) ∆m = 0.8 for Fig. S3-(2); (a) ∆m = 0.6, (b)
∆m = 1.2, (c) ∆m = 1.8, and (d) ∆m = 2.4 for Figs. S3-(3) ‒ S3-(7). For Figs.
S3-(3) ‒ S3-(7), the y ranges to display are chosen from j’s such that at least
nmin of the (m,M) pairs indicated in the figure’s legend fall within the range
(10 j∆σ, 10( j+1)∆σ), where nmin is 5 for Figs. S3-(3), S3-(5) ‒ S3-(7) and 4 for
Fig. S3-(4). Note that when the determined number of y ranges is fewer than
four, the identical y ranges are displayed multiple times.
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Figure S3-(3): SCA1
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4 Figures S4- for p̂∆m(x|y) and p∆m(x|y)

Figures S4-(1) to S4-(8) show p̂∆m(x|y) and p∆m(x|y) for each time series with:
(a) ∆m = 0.4, (b) ∆m = 0.8, (c) ∆m = 1.2, and (d) ∆m = 1.6 for S4-(1), S4-(2);
(a) ∆m = 0.2, (b) ∆m = 0.4, (c) ∆m = 0.6, and (d) ∆m = 0.8 for S4-(3); (a)
∆m = 0.6, (b) ∆m = 1.2, (c) ∆m = 1.8, and (d) ∆m = 2.4 for S4-(4) ‒ S4-(8).
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5 Figures S5- for P̂Mm(y|x) and P∆m(y|x)

Figures S5-(1) to S5-(7) show P̂Mm(y|x) and P∆m(y|x) for each time series with:
(a) ∆m = 0.4, (b) ∆m = 0.8, (c) ∆m = 1.2, and (d) ∆m = 1.6 for Fig. S5-(1);
(a) ∆m = 0.2, (b) ∆m = 0.4, (c) ∆m = 0.6, and (d) ∆m = 0.8 for Fig. S5-(2);
(a) ∆m = 0.6, (b) ∆m = 1.2, (c) ∆m = 1.8, and (d) ∆m = 2.4 for Figs. S5-(3) ‒
S5-(7). The displayed y ranges in Fig. S5-(4) are chosen from such j’ s that at
least 5 of the (m,M)s indicated in the legend are in the range (10 j∆σ, 10( j+1)∆σ).
Note the same multi-times display of identical x ranges as in Fig. S3-.
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6 Figures S6- for p̂∆m(y|x) and p∆m(y|x)

Figures S6-(1) to S6-(8) show p̂∆m(y|x) and p∆m(y|x) for each time series with
∆m values: (a) ∆m = 0.4, (b) ∆m = 0.8, (c) ∆m = 1.2, and (d) ∆m = 1.6
for Figs. S6-(1), S6-(2); (a) ∆m = 0.2, (b) ∆m = 0.4, (c) ∆m = 0.6, and (d)
∆m = 0.8 for Fig. S6-(3); (a) ∆m = 0.6, (b) ∆m = 1.2, (c) ∆m = 1.8, and (d)
∆m = 2.4 for Figs. S6-(4) ‒ S6-(8).

10
-6

10
-4

10
-2

10
0

10
2

10
4

10
-5

10
-4

10
-3

10
-2

10
-1

10
0

10
1

10
2

(a)

p̂
M

m
(y

|x
)

y

-5.95 -5 -4 -3 -2 -1  0  0.55

log10x

10
-6

10
-4

10
-2

10
0

10
2

10
4

10
-5

10
-4

10
-3

10
-2

10
-1

10
0

10
1

10
2

(b)

p̂
M

m
(y

|x
)

y

10
-6

10
-4

10
-2

10
0

10
2

10
4

10
-5

10
-4

10
-3

10
-2

10
-1

10
0

10
1

10
2

(c)

p̂
M

m
(y

|x
)

y

10
-6

10
-4

10
-2

10
0

10
2

10
4

10
-5

10
-4

10
-3

10
-2

10
-1

10
0

10
1

10
2

(d)

p̂
M

m
(y

|x
)

y

Figure S6-(1): CMT

32



10
-6

10
-4

10
-2

10
0

10
2

10
4

10
-5

10
-4

10
-3

10
-2

10
-1

10
0

10
1

10
2

(a)
p̂

M
m

(y
|x

)

y

-5.95 -5 -4 -3 -2 -1  0  0.55

log10x

10
-6

10
-4

10
-2

10
0

10
2

10
4

10
-5

10
-4

10
-3

10
-2

10
-1

10
0

10
1

10
2

(b)

p̂
M

m
(y

|x
)

y

10
-6

10
-4

10
-2

10
0

10
2

10
4

10
-5

10
-4

10
-3

10
-2

10
-1

10
0

10
1

10
2

(c)

p̂
M

m
(y

|x
)

y

10
-6

10
-4

10
-2

10
0

10
2

10
4

10
-5

10
-4

10
-3

10
-2

10
-1

10
0

10
1

10
2

(d)

p̂
M

m
(y

|x
)

y

Figure S6-(2): JS

10
-6

10
-4

10
-2

10
0

10
2

10
4

10
-5

10
-4

10
-3

10
-2

10
-1

10
0

10
1

10
2

(a)

p̂
M

m
(y

|x
)

y

-5.45 -5 -4 -3 -2 -1  0  0.55

log10x

10
-6

10
-4

10
-2

10
0

10
2

10
4

10
-5

10
-4

10
-3

10
-2

10
-1

10
0

10
1

10
2

(b)

p̂
M

m
(y

|x
)

y

10
-6

10
-4

10
-2

10
0

10
2

10
4

10
-5

10
-4

10
-3

10
-2

10
-1

10
0

10
1

10
2

(c)

p̂
M

m
(y

|x
)

y

10
-6

10
-4

10
-2

10
0

10
2

10
4

10
-5

10
-4

10
-3

10
-2

10
-1

10
0

10
1

10
2

(d)

p̂
M

m
(y

|x
)

y

Figure S6-(3): JA

33



10
-6

10
-4

10
-2

10
0

10
2

10
4

10
-5

10
-4

10
-3

10
-2

10
-1

10
0

10
1

10
2

(a)
p̂

M
m

(y
|x

)

y

-7.95 -7 -6 -5 -4 -3 -2 -1  0  0.55

log10x

10
-6

10
-4

10
-2

10
0

10
2

10
4

10
-5

10
-4

10
-3

10
-2

10
-1

10
0

10
1

10
2

(b)

p̂
M

m
(y

|x
)

y

10
-6

10
-4

10
-2

10
0

10
2

10
4

10
-5

10
-4

10
-3

10
-2

10
-1

10
0

10
1

10
2

(c)

p̂
M

m
(y

|x
)

y

10
-6

10
-4

10
-2

10
0

10
2

10
4

10
-5

10
-4

10
-3

10
-2

10
-1

10
0

10
1

10
2

(d)

p̂
M

m
(y

|x
)

y

Figure S6-(4): SCA1

10
-6

10
-4

10
-2

10
0

10
2

10
4

10
-5

10
-4

10
-3

10
-2

10
-1

10
0

10
1

10
2

(a)

p̂
M

m
(y

|x
)

y

-4.95 -4 -3 -2 -1  0 0.05

log10x

10
-6

10
-4

10
-2

10
0

10
2

10
4

10
-5

10
-4

10
-3

10
-2

10
-1

10
0

10
1

10
2

(b)

p̂
M

m
(y

|x
)

y

10
-6

10
-4

10
-2

10
0

10
2

10
4

10
-5

10
-4

10
-3

10
-2

10
-1

10
0

10
1

10
2

(c)

p̂
M

m
(y

|x
)

y

10
-6

10
-4

10
-2

10
0

10
2

10
4

10
-5

10
-4

10
-3

10
-2

10
-1

10
0

10
1

10
2

(d)

p̂
M

m
(y

|x
)

y

Figure S6-(5): SCA2
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Figure S6-(6): SCA3
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Figure S6-(7): SCS1

35



10
-6

10
-4

10
-2

10
0

10
2

10
4

10
-5

10
-4

10
-3

10
-2

10
-1

10
0

10
1

10
2

(a)

p̂
M

m
(y

|x
)

y

-9.45 -9 -8 -7 -6 -5 -4 -3 -2 -1  0  0.55

log10x

10
-6

10
-4

10
-2

10
0

10
2

10
4

10
-5

10
-4

10
-3

10
-2

10
-1

10
0

10
1

10
2

(b)
p̂

M
m

(y
|x

)

y

10
-6

10
-4

10
-2

10
0

10
2

10
4

10
-5

10
-4

10
-3

10
-2

10
-1

10
0

10
1

10
2

(c)

p̂
M

m
(y

|x
)

y

10
-6

10
-4

10
-2

10
0

10
2

10
4

10
-5

10
-4

10
-3

10
-2

10
-1

10
0

10
1

10
2

(d)

p̂
M

m
(y

|x
)

y

Figure S6-(8): SCS2
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