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Neskowin Ghost Forest, OR
Large (M9) events roughly every 300 years
Last one (~M9) on January 26th, 1700
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The Cascadia Subduction Zone OREGON

Challenge 1: measure (accurately)
a gigantic event in real-time
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The Cascadia Subduction Zone Q| OREGON

Challenge 1: measure (accurately)
a gigantic event in real-time

-

Challenge 2: Forecast the tsunam
amplitude in under 5 minutes
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The Cascadia Subduction Zone

Challenge 1: measure (accurately)
a gigantic event in real-time

Challenge 2 Forecast the tsunami
amplltude |n under 5 mmutes

ChallengeS M9’s are infrequent,
how do we test the system?
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B Japan is the only country in the world with a purpose
built operational local warning system
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Local Warning in Practice: The Tohoku Experience O
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—ault Areas of some California earthquakes ()

-i= Rapid determination of an earthquakes size and rupture
characteristic Is tricky:.

- 2014 Napa M6.1

1994 Northridge M6.7

1989 Loma Prieta M6.9
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Fault Areas of large earthquakes QO

- Rapid determination of an earthquakes size and rupture
characteristic Is tricky.

2010 M8.8 Chile

Seismometers have a

really hard time
measuring things this big

2011 M9.0 Japan
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So we use high precision GPS OREGON
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“| GPS is the best sensor for very large EQs Q) | OREGON

2011 M9 Tohoku-oki

Horizontal Displacement ey Vertical Displacement
Time since M,,9.0 08:37 (517 s) i N ) | _ R

§6:23 UTC, M,, 9.0

05:56:00 UTC

1

Im— 3 ‘ _., Geophysical Institute, Univ. Alaska Fairbanks 05m 200 km
Preliminary GPS time series provided by the ARIA team at JPL and Caltech. All original GEONET RINEX data provided to Caltech by the Geospatial Information Authority (GSI) of Japan. ) .

Grapenthin et al., 2012
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We know It works
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GPS also discriminates the “type” of earthquake ()
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These happen in the real world O

—— 2b1—() M7.8 Indonesia =
2018 M7.8 Alasaka or e -

<30cm tsunami

25 Oct. 2010 '?/ N L ’ 3
R::”E“;” g ' " 4uo% Rupture areas of historical events
" . q ’ ' Slip patches of 2007 events

Yue et al., 2014 4mm,yr ;I“M
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GPS in the western US
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The Cascadia Subduction Zone

Challenge 1: measure (accurately)
a gigantic event in real-time

Challenge 2 Forecast the tsunami
amplltude |n under 5 mmutes

ChallengeS M9’s are infrequent,
how do we test the system?
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The Cascadia Subduction Zone
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L/;,v N real tlmeﬁ- =

Cha”eﬂge 2 Forecast the tsunam| =
amplitude in under 5 minutes 8 "

ChallengeS MQ’s are infrequent,
how do we test the system?
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Elapsed
Time:

00 hr

Tsunami
Wave
Amplitude

m

ft.
. > 3.0
~10 3.0
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How good are the rapid intensity models? Q) | OREGON

Pacific
Tsunami
Warning
Center

Nathan Becker & Dailin Wang PTWC, NOAA



How good are the rapid intensity models? O
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NON REAL-TIME

(15 hrs+ AFTER OT)

2-3 mins AFTER OT

10m

Tide gauge observed maximum
amplitude

Tide gauge predicted maximum
amplitude

Coast predicted maximum
amplitude

Event hypocenter

Modeled earthquake
rupture area

Tsunami warning level
(Expected maximum amplitude)

H >3m

B 1-3m
[J 0.3—-1m
H <0.3m

Melgar et al., GRL, 2016
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How good are the rapid intensity models? ()

NON REAL-TIME
(15 hrs+ AFTER OT) 2-3 mins AFTER OT

* Tide gauge observed maximum
amplitude

B Tide gauge predicted maximum
amplitude

— Coast predicted maximum
amplitude

% Event hypocenter

— Modeled earthquake
rupture area

Tsunami warning level
(Expected maximum amplitude)
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Tsunami
Wave
Amplitude

m

ft.
. > 3.0
~10 3.0
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How good are the rapid intensity models? Q) | OrREGON

Pacific
Tsunami
Warning
Center

Tsunami forecasts will be “good enough™%

Some level of uncertainty will remain

Nathan Becker & Dailin Wang PTWC, NOAA
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ChallengeS MQ’s are infrequent,
how do we test the system?
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The Cascadia Subduction Zone
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Challenge 3: MO’s are infrequent,
how do we test the system?
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How do we test the systems? O

. Efos o ia|po:
- Large earthquakes are infrequent, . e
how do we know systems work” 1=24.0s 7 @r 05
-i= \We create "scenarios” thousands TR gk
o EI ° 0.4
of them and push them through 0 100 ot
the system. d [ i 0.3 :?
- How well do we model 7 02 O
; o
earthquakes? 0.1
- How well do we model tsunamis? 11 e o
Mw [” 15
953  — geismic — GPS
S0 e
8.5 . =
8.0 j £
7.5 ge 2
7.0 ° 4 5 U
6.5
6.0 TR TN (R (T I el | 1 o GPS % B
0 50 100 150 200 250 300 m Seismic 0
Ruhl et al., GRL, 2017 Seconds after OT ; . “—l
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Scenarios in Cascadia O
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- Large earthquakes
are infrequent, how | | | o
do we know systems 01 XWC
work? -

9.5}

- \We create -
‘scenarios’ o 2 Bt
thousands of them 3 06 §
and push them § - 055
through the system. S a0 04 s

-» How well do we ke |,
model earthquakes? i

- How well do we ol | N
model tsunamis? R |*

0.0

7.0 7.5 8.0 8.5 9.0 9.5
Scenario Magnitude

Ruhl et al., GRL, 2017




The Cascadia Subduction Zone

Challenge 1: measure (accurately)
a gigantic event in real-time

Challenge 2 Forecast the tsunami
amplltude |n under 5 mmutes

ChallengeS M9’s are infrequent,
how do we test the system?
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So how are we doing? O

- The outlook Is overall positive, with continued effort warning
for a Cascadia M9 earthquake in under 5 minutes will be
possible.

-= The key components, GPS and tsunami modeling, are there.

- \We are now on the road from research to operations.

-i= Testing the operational environment will be important as well.

-i» Are we done?
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SO how are we doing? O OREGON
, 2018 I\/I7 g Alasaka »; o A A

-i= Earthquakes and tsunamis are f’ e B

complex

e
-

- \WWhat |'ve described here Is
iIndirect warning, we measure
the earthquake not the tsunami

2010 M7.8 Indonesia = Sunda Block
19m tsunami

-# [ndirect warning is inherently
uncertain

4

-#» \WWhat are the new technologies?

25 Oct. 2010
Mentawai

-e
* oo ¥ Rupture areas of historical events

M =78
? ’ ’ Slip patches of 2007 events

. ueetal.,2014 ’SQ/mmer —e
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Seismograph Network

Operated by NIED (Inland)

- Real-time cabled
SEensors

- Will directly measure the
tsunami

-~ The fastest most reliable
way to Issue accurate
ocal warnings

- |t IS also useful for basic |
science

-1~ |t's costly, ~$500M
buildout and $5M/yr
operations

'''''''''

I NIED
* F-net
| ° Hi-net/KiK-net
* K-NET
4 V-net
¢ S-net
© Sagami bay (PG)
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A real-time ocean bottom network Q| orEGON

Seismic and Geodetic Transects Arrays

Coastal GPS & Strong Motion Sensors

/\
Is there-a sufficiently'relevant societal /
iImpact to warrant this expenditure?

« (likely $1bn+)"

Wilcock et al., 2016, SZO white paper
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How good are the rapid intensity models? O
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An example: The 2004 Indonesia Tsunami Q) | OREGON

Motion of the seafloor

’ "'

It takes 10 minutes!
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An example: The 2004 Indonesia Tsunami Q) | OREGON

—, e

R \\/aves of up to 50ft]

December 26, 2004
Sumatra-Andaman Tsunami
time after earthquake: 00:14
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A tsunami’s speed (O OrEGON
Depth (ft) Speed (mi/hr)
15,000 500 Deep ocean
3000 222 Continental shelf
1500 158 Continental shelf

300 70 Coast



When does the tsunami arrive? O | 5REGON

First waves arrive In
20-40mins

e




UNIVERSITY OF

does the tsunami arrive? OREGON

First waves arrive in
5-20mins

..;——F’-_-"-——ﬁ_

Pt MOobOn veiors rotated

plate moveend

/ -‘:‘ : £ < o ' Orggon o=
T e :

Alberta
Washington
ok | .

Data LDEO-Columbia, NSF, NOAA
© 2018 Google

Data SIO, NOAA, U.S. Navy, NGA, GEBCO (;()()Sle ea rt h

Image Landsat / Copernicus

Iimagery Date: 12/13/2015  lat 45.886628° lon -125.226969° olev-1534m eyealt 877.12 km




Second line of defense, buoys! O | Sxpaas

Buoys measure the actual tsunami 3o L

Google

Imagery 82014 NASA TerraMetrics | 1000km ———— | Terms of Use
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How do we test the systems? O

Target Mw = 8.60

Actual Mw = 8.50 Tsunami amplitude (m) at 0.17 hours

L
50 +

How well do we

13.5 .
model the tsunami?
a8 | 12.0
;:"- b,/ 110.5
w6l oog 49.0
e tos 175
L 0By ©
'."’_':‘o o‘-6°0
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Can we map out the shallow megat@isiEGoN
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Locking

Melgar et al., in prep
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Can we map out the shallow megat@isiEGoN
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How do we imagine heterogeneity
of the shallow megathrust?
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The timeline for warnings O

LNPEAORESH\ISRER [{FETel<I SN @]all[s}  Event origin 22:54 UTC B

1T ,5min: PTWC bulletin #1
4m at llde gauge - e -—Z , Tsunami ampl.=N/A
=27 g & T 1~ 5min: CSN W-phase
-28° 8min: SNAM tsunami bulletin #1
. , Tsunami ampl.=N/A
09" 10min
o 3 5 14min: Tsunami first arrival at PICH
30° - R tide gauge
- G ST e 16min: ONEMI issues evacuation
¢ # i _/ order for all coastal regions of Chile
-31" 1 a1/ 19min: SNAM tsunami bulletin #2
L e Sy ;g;’ _/ , Isunami arrival times
o Sy ]

—32 3 Bl il 20min| 20min: NEIC W-Phase,

e * CSN W-phase update,
_33° 4 5 % 20min: First maximum at PICH tide gauge

C

o 3 ¥

-34 1 2 \d

c>§ e T 30min - :
_35° 0SS 1\ 15:30 45 60 75 31min: First maximum at VALP and QUIN

._;Miqi@ites after OT V\ tide gauges

31min: PTWC bulelting #2

~76 75 -74 -13 -72° -71" -70° -69" -68 , Tsunami ampl. = 3m possible for all Chile

Tsunami warning centers
have the operational goal to
Issue warnings in 20-30

minutes
Melgar et al., GRL, 2016|
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A real-time test () OREGON
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