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Paleoseismic Time Series are Underutilized In

TimeDependent Hazard
COV: Coefficient of Variation = /u
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Example paleoseismic time series from faults in California.
Both slip at ~1 cm/yr, with ~176200 yr average recurrence.
Means are similar, but timedependent hazard is not!
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Paleoseismic Time Series are Noisy,
but alsoDiscreteandOrdered
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Earthquake SupeCycles

San Andreas Fault (Weldon et al., 2004) Sumatra Subduction Zone (Sieh et al., 2008)
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MostPaleoseismicSites
Record Timing, Not Slip
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Brownian Passage Time (BPT) Model

Brownian Passage Time:

p(t) — ( QW::QL:?. )11;2 €Xp [_

Mean Return Time: u
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Aperiodicity: o ~ COV = o/

Alternate BPT Formulation:

p(t) = (4)"*(55=) " exp | -
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Weibull Model

Thehazard function is the
Frobablllty of an event at
Ime t, conditioned on
survival until timet:

h(t) = p(t)/S(t)

x Jagkt WGl YGY1t 1JUWq«
earthquake rupture hazard
Increases with time raised

to a powerk:

h(t) o< t*

k = 0: time independent
k = 1: steady loading
k>>1: periodic



Cumulative Probability

Paleoseismiclime Series
San Andreas Fault: Wrightwood Site
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Paleoseismic InteEvent Time Distributions

San Andreas Fault San Jacinto Fault
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1500 Years

San Andreas Fault Rupture Lengths

‘ ,
(a) [\ Cajon AN Cr'G@k TP |,
'\E \ 100 km ‘\% VP?SS., ) y |/MisS on - HI\ n E:i—-\§c

‘ AT PU Coagroe—
Pt ciP! 3 Banning hella  satton
Sea

Wacn qu ye— TL

e 2,
BC HL _C\—“—‘w

C/a"@/?;o,; ar oyote Cree, — I
¢ Cak  CoreCuer Sy n =36 In 1500 years
S A s ol 0o o S System Recurrencee 40 yrs

2000 |

64

1 —
7/1899 2 1968
| e 2/36 exceed 300 km
5 1857 Casa Loma?
1800 | 1-L7 8 1800
9
i l 10 LC1 o —_
1700 | | —
|
1600 i ; % 14 ‘ | LC2
@ | “ k & ¢ ® | < o0 —
1500 | l 18
T i 2 I 2] a’
1400 © % } & % [ | c O —
—_ 3-5 L b oo ‘ & 24 A [h]
3
51300 45 \,\re"x(:gre]:eh % ‘ | S 21 5 o8 O
:‘g g ‘ 29 4 l & 0) ﬂ' —
> 1200 ; 20 |6 e Lt
| ) . ‘-7?0\5
1100 u I % R ANl
1000 | ¢ | 36 !‘
38 ¢ . : 2 : o -
0] < o N| | | | | |
\:s%m : |--
b ~ H
] madeled 0 100 200 300 400
<
700 ;
! “ Rupture Length
S
500 4 49 50

0 50 100 150 200 Fau“stuiStance (kms)oo — 350 E;Gpmo 450 500 SCh are r & Yule 2020

Pass



Contrasting Fault Recurrence Behaviors

Hazard Functions

California (San Andreas & San Jacinto):
Sub-linear to linear hazard increase
New Zealand (Alpine):
Non-linear hazard increase



