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(2)GPS T—A2 M S H#E S iz Hikurangi TL— MERTOTRY RIBEDO S (Wallace et al,, 2012”). £
DAVEATRBENDAA—RY Yy TARU bk (SSE) ONHERT. BOXHMEAFEETL—IIHTSHE
BIL—FOEREEETY. ROEMSE Kaikoura BOER. FiR & B#RIE, 2016 F Kaikoura #FE &
1885 4F Waipara HHEDMWIE b L—RXAEZNEFNRT. (b)GPS & InSAR T—4A2 M L BREKES >/ —2 3
U THE S iz Kaikoura thE% 1 £/ D Hikurangi jE#&#AH T L— FMERTORIRYEEFHS—a V4
TRF (Wallace et al,, 2018"). MIRDIA LA IXXAAHTL— MERBADFRER (km) THY, BRE
Kaikoura HEDME F L—X. (Kaneko etal., 2018 &V)).

(a) Map of slip-deficit rate on the Hikurangi plate interface estimated from GPS (Global Positioning System) data
(Wallace et al., 2012”). Past slow slip events (SSEs) are shown by the green contours. Black arrows indicate motion
of the overriding plate relative to the Pacific plate. Green star shows the Kaikoura quake epicenter. Red and white
lines show fault traces ruptured during the 2016 Kaikoura and 1855 Wairarapa earthquakes, respectively. (b) Total
slip on the Hikurangi subduction interface over the year following the Kaikoura earthquake (yellow to hot colors)
estimated from time-dependent inversions of GPS and InSAR (Interferometric Synthetic Aperture Radar) data (Wallace
et al., 2018"). Dashed contours indicate depth (in kilometers) to subduction interface. (After Kaneko et al., 2018”.)
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Q1: What is the probability of occurrence of a magnitude 7.8 earthquake or larger with
hypocentre in the region of interest and shallower than 40 km within one year from 15
November 20177

10% 50%, 90%

Q2: What is the probability of occurrence of a magnitude 7.8 earthquake or larger with
hypocentre in the region of interest and shallower than 40 km within ten years from 15
November 20177

10% 50%, 90%

Q3: What is the probability of occurrence of a magnitude M7 or larger earthquake with
hypocentre in the region of interest and shallower than 40 km within one year from 15
November 20177

10% 50% 90%

Q4: What is the probability of occurrence of a magnitude M7 or larger earthquake with
hypocentre in the region of interest and shallower than 40 km within ten years from 15
November 20177

10% 50%, 90%

TR FESR M KB, FH#H(X GeoNet Kaikoura REFRIGEE ., EFARIZHEHILIz 4 DDREL.
(Gerstenberger et al., 2017" & V) ).

The elicitation region in red as compared to the GeoNet Kaikoura aftershock forecast region in blue. Followings are
the four elicitation questions as asked to the experts. (After Gerstenberger et al., 2017")

— 528 —



(@)

WORET A 2 2 107 % 2022 4 3 AT

(b)

(C) (e) mean shear stress over black rectangle
e [
Kaikoura quake Kapiti SSE stress ]E f o ::;:I‘SPSE
co-seismic change (kPa) fro ‘Q E | SSE
stress change (kPp) Nov 2016 to Nov 3017 r/ 30| 2 FES[LC,::J;S
R % —o—Total
C ' .
g
=
> 20
10 10 @
5
m T E15 )
& £ g
o [} 2
o
5 °5
s B v
£
100 km 2
10
Il fa ] B :
0 100 200 300
f days after the Kaikoura EQ
(d) ( ) mean shear stress over downdip, purple rectangle
= ] f T
Afterslip stress East Coast SSE #— Afterslip
change (kPa) from| stress change (kPa) 70 - |~ Kapiti SSE
Nov 2016 to Nov 2017 from Nov 2016 to{Nov 2017 —*— East Coast SSE
Plate loading
C C 60 —#— Total
\,\ w50 -
o
=
3
10 - 10 240 -
LA g
o | £
o [ >
= x| $30
© o e
g 2 @
08 o @ "
=3 S 20 E -
I 8 a . ==t sl
4 4 &
@ ® - 8
100 km
— - IR S s s
o e PP S s

0 100 260 360
days after the Kaikoura EQ

g3 ¥ AR ZRRAIZ & % Hikurangi E XM ERE IR (BH2N) TOEABRIGHZEIL. (a)Mw7.8 Kaikoura i

Fig.3

=, (bKaikoura HE®R 1 EROD TL— MERTORYTAY, (c)Kapiti AA—R1J v T N>+ (SSE),
(d) i /2 SSE. B#ELMNIXEBE (Wallace et al,, 20127) [2xiE. EABOMAR, BEBEHOFRETE
20km DB ERY. & Z Tld kaikoura #E % 5 U Kapiti SSEIZ K BIEHELAKREL. [GAZIEDHS—
A —)LIE, £ 10kPa TEAFISE TS, (o) & (D [FFNLTFh, BRALLERRTOE DT HEDERE
EEERLTWS. B ("Total”) I&, @)-d)ITMATIL—FERTOIRYRIBIZKDIEHERET
RTCEOEERAZELTHS. (¢) & (O [EHMED Ry —ILARK S EITEE. (Kaneko etal, 20187 &K Y)

Shear stress changes on the Hikurangi megathrust induced from (a) the Mw7.8 Kaikoura earthquake, (b) afterslip on
the subduction interface over the 1 year following the Kaikoura earthquake, (c) Kapiti slow slip event (SSE), and (d)
East Coast SSE. A region inside the black rectangle corresponds to the locked portion of the megathrust (Wallace et
al., 2012”). The purple dashed rectangle corresponds to a downdip locked region of 20-km width where the shear
stress changes from the Kaikoura earthquake and Kapiti SSE are large. The color scale is saturated at =+ 10 kPa.
Time evolution of mean stress changes over (e) the entire locked portion indicated by the black rectangle and (f) the
downdip, purple rectangle region. The “total” (in black) corresponds to the sum of transient stress changes from all
nearby tectonic sources (i.e., the Kaikoura earthquake and SSEs). Note that the scale of the vertical axes is different.
(After Kaneko et al., 20187.)
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FA4R MEHEOER/NNTA—F EHEBRRIOEHRNZ2 O, ) BEHEDOISHBETENS T, b)bIEZE 1.0,
BRAYT=Fa—F M,,) 86 LLIEFBEDT—TUNILY-)EX—DRBELHREHBEORRK. HIT,
M, OHE 1EICHT 2MOBEOMEOREREZRLTWVS. O F—TURNILY - JERZ— 035513?&
Hikurangi E R EERE TOITRYRIBENLEMN I HEFERFEL, OPFH. RIZRKLEFTHE,
BN BRAM=78- 86w LTLS. (d) tERRIIOEEEH S OS5 DF %, Hikurangi Ekiﬂ’,ﬁaﬁ
BOBEBSHS TORADEBERTRLTNS. AIIHMERDOISHBTETHY. . (TEERER. FigE,
EETOTRTOTY b=y I RREA (FE3Me) ICKBEHDEEA TIZHIEL TS, BAHEBELE .,
EHRETEEAZOJICEZATVSD, BEHEORENDS 160 ELUADBEIERMYKBUVLTWLS. (o) ish
BERBICEIVS32320VFUADERARR. B2RIZ ) DEAZLEDHBKRTHY, FENSHIEBIEED
TABIGHDOEBERDOHEAEETR LTS, (Kanckoetal, 20187 & V)

Fig. 4  Earthquake source parameters and synthetic earthquake-time catalogue. (a) Stress drop distribution of earthquakes of
interest. (b) Gutenberg-Richter frequency-size relation with b = 1.0 and M,,,, = 8.6. Earthquake rate relative to that of
M,,.x (assumed to be 1 for illustration) is shown. (c) Time interval required for stress accumulation t, derived from the
Gutenberg-Richer relation and a geodetic slip-deficit rate on the Hikurangi megathrust. In this example, the minimum
and maximum t, correspond to M = 7.8 and 8.6 events, respectively. (d) An example of synthetic earthquake-time
catalogue represented by stress evolution on the locked portion of the Hikurangi megathrust. A 0 is the stress drop
of earthquakes and t, is the interevent time. Each red line corresponds to total time-dependent stress perturbation A T
from all nearby tectonic sources (shown in Fig. 3e), exaggerated for illustration. The stress perturbation is applied to
the synthetic catalogue every t,, years. (e) Sketch illustrating three possible scenarios following stress perturbation.
The black curve is a zoom in of the sawtooth shown in Figure 3d. The red curve shows shear stress evolution
following the time-dependent stress perturbation. (After Kaneko et al., 2018”.)
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Fig. 5  (a—c) Annual probability of a M > 7.8 megathrust earthquake following the Kaikoura earthquake and slow slip events
for representative cases with different mean stress drop A 0 or slip-deficit rate V,,. Each dot corresponds to mean
probability over 50 random realizations of synthetic earthquake-time catalogue, with the vertical line representing the
standard deviation. For each panel, three cases are shown: annual probabilities for the mean stress perturbation A T
over the entire locked portion (in black) and for A T over the 20-km downdip region (in red) and background annual
probability (in blue). (d) The same as Figure 4a except that M, = 9.0. (Modified from Kaneko et al., 2018%.)
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