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Motivation

March 11, 2011 : The Tohoku tsunami ATV
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e M9.0 earthquake
e Sendai had 8-10 minutes of warning
e Fukishima nuclear disaster
* Human toll:
= 19,759 deaths
" 6,242 injured
= 2,553 people missing
As of 2015, 228,863 people still displaced



Motivation

January 15, 2022: The Hunga Tonga submarine volcano eruption

* VEI-5 eruption * Human toll:
* Displaced 10 km3 of rock, ash and " Atleast 6 deaths
sediment = Some injured & missing in Tonga (main

recorded by modern instrumentation



Motivation

 What magnetic signals can be identified
from these events?

* (Can those magnetic fields be used to
better understand the geophysical
processes occurring here?

e Can magnetic fields be incorporated into
warning systems?
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Salt water is an
electrically
conductive material.

IEINIES
magnetic signals

Hunga Tonga? Summary &
magnetic signals Outlook
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Oceanic vs lonospheric
magnetic fields

The electric current from ocean flow
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electrical conductivity
Global mean = 3.31 S/m

Earth’s core magnetic
velocity of field

the ocean flow Very well known--
Tides, circulation, tsunamis IGRF or WMM model
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Oceanic magnetic fields

The ocean’s toroidal magnetic fields, and

Toroidal B fields electric fields, are measurable at
(Bh) observatories within the ocean or on the

seafloor.
- Bh

The ocean’s poloidal magnetic fields
are measurable at observatories

external to the ocean.
- Bz
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Oceamc VS. Ionospherlc magnetlc flelds
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* lonosphere’s electrical conductivity dependsAon solar ionization, is
time-of-day dependent

» Oceanic electrical conductivity depends on salinity & temperature

* lonospheric magnetic fields can be driven by neutral waves
» Oceanic magnetic fields are driven by all types of ocean flow

* At a ground observatory, oceanic magnetic fields are internal and
ionospheric magnetic fields are external

» Enables separating the two field sources
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| >10,000 km
/FAC
\\S\a%ss Main challenge:
\\\\\ 1,000 km separating magnetic fields

Magnetic field amplitude at

Yegh
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satellite altitude

Core B field 60,000 nT

Magnetospherlc B 60T

field

::?ef:gspherlc ° 30 nT
Fluid core 2,900 km

Crustal B field 20 nT
Solid core 5,150 km

Oceanic B field 2nT

6,371 km
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magnetic fields magnetic signals

Magnetosphere

Fluid core

Solid core

1,000 km
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Hunga Tonga“’"‘ Summary &
magnetic signals Outlook

>10,000 km

Main challenge:
separating magnetic fields

Magnetic field amplitude at

satellite altitude

Core B field 60,000 nT
Magnetospherlc B 60 nT
field

lonospheric B

field 30 nT
Crustal B field 20 nT
Oceanic B field 2nT
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* Water wave propagates from epicenter
* Produces a “frozen-in” magnetic field

* Field dominated by Lorentz force contribution
* But there is also a self-induction contribution from db/dt

wave velocity u

JZGSW(meX Bmain) —_

Seafloor

(Modified from Toh+2011)
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Tyler (2005):
b,

Bmain,z

varies directly with —

h

b, - vertical component of tsunami magnetic field
7] - tsunami sea surface height
h - ocean depth

" Can determine tsunami velocity vector from 1 observatory’s
vector magnetic field observations

Kicked off excitement for using magnetic field data

to improve tsunami warning systems
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Manoj et al (2011): observed tsunami magnetic field from the Feb. 27

2010 Chilean earthquake (M8.8).
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Tsunami magnetic field may arrive before the tsunami water wave by
4-20 minutes [Minami et al, 2015; Tatehata et al, 2015; Schnepf et al, 2016]
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regime

regime



Motivation Oceanic vs lonospheric Tsunami Z Hunga Tonga"f’ Summary &
magnetic fields magnetic signals magnetic signals Outlook

Tsunami magnetic field may arrive before the tsunami water wave by
4-20 minutes [Tatehata et al, 2015; Minami et al, 2015; Schnepf et al, 2016]
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Tsunami magnetic field may arrive before the tsunami water wave by
4-20 minutes [Minami et al, 2015; Tatehata et al, 2015; Schnepf et al, 2016]
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N
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Self-induction & dispersion of
tsunami magnetic signals enables
preceding water wave

(Schnepf+2016)
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Tsunami zZ.=

magnetic signals

Challenge #1: Earth’s main field term

tsunami electric current

I_A_\
j=o(u XE)

Latitude

seawater ‘
electrical conductivity

Earth’s core

tSUﬂa.ml magnetic field B, from World Magnetic Model
velocity .
. Dominated by
Dominated by . .
vertical field

horizontal flow
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) . . ey &
Challenge #1: Earth’s main field term (4
90

Minami, Schnepf, Toh (2021):
Tsunami-generated magnetic fields have
primary and secondary arrivals like seismic
waves

» can always use at least Bh or Bz to

identify tsunami magnetic signals!

«4"’“65

Latitude

S
30‘@0

P-wave S-wave ‘( nT
L ‘ B, from World Magnetic Model

Bh T“

Bz
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Challenge #2: real-time tsunami detection

* NWP was the only near-continuous, near-
real-time seafloor geomagnetic
observatory (Toh+2004, Toh+2006)

» Trying to deploy a long-term seafloor
magnetometer

50°N 44

NS * Work needed to develop time-frequency

methods suited to real-time (rather than
historic) tsunami identification

30°N

" b

130°E 140°E 150°E 160°E
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Challenge #3: events must be large

03l:00 04l:00 05.200 06.:00 O7l:00 - 18:00 21:00
Time (Jan. 13, 2007) Time (Sept. 29. 2009)

(Schnepf+2016)

These are the smallest earthquakes causing tsunamis with detectable
magnetic fields... and they are still M8+
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Magnetic Signatures of the January 15
2022 Hunga Tonga-Hunga Ha apai
Eruption



Oceanic vs lonospheric Tsunami %= oa Tonga Summary &

Motivation . .
magnetic fields magnetic signals agne gNa Outlook

Waves through eIectricaIly conductive ionosphere

Shock waves through

Sea surface deformed by
atmospheric waves—
meteotsunami

Tsunami from
oceanic shock wave

.\
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 INTERMAGNET observatories

* 1 minute sampling rate

* Vertical component, Z

* Horizontal component, H= [X? + Y?]0->

* Red: magnetic signals likely from eruption

* Challenge: most of the day was
geomagnetically disturbed

(Schnepf+2022, GRL)

~10000 -7500 -5000 -2500 O 2500
Elevation
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External signals common to the ASP
station have been removed from these
wavelet spectrograms.

APl is the only observatory to have these
sort of high frequency signals.
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(Schnepf+2022 GRL)
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Email your support in the API observatory to:

& Mr. Lameko Talia, Principal Scientific Officer
| Meteorology Division Ministry of Natural

Recourses and Environment (MNRE)

: Apia, Samoa
&2 lamekotalia@mnre.gov.ws

s Dr. Tanja Petersen | Applied Research Senior
5% Specialist / Project

s Leader Geomagnetism Project

#% GNS Science, New Zealand

500gle

S8 T.Petersen@gns.cri.nz
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O 100% Imagery date: 11/14/19—newer  Maxar Technologies
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Camera: 484 m 13°48'54"S 171°46'57"W
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Magnetic signals of 60-90 min period.

External signals common to the ASP
station have been removed from these
wavelet spectrograms.
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Magnetic signals of 3—8 min period at API.
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Summary &

Outlook

Magnetic signals identifiable from tsunamis,
meteotsunamis, and ionospheric disturbances

Can those magnetic fields be used to better
understand the geophysical processes occurring
here?

» Magnetic fields help clarify tsunami source

» Need improved understanding of external vs
internal sources for post-eruption magnetic
fields

Can magnetic fields be incorporated into
warning systems?

» Need long-term seafloor observatory and
reliable real-time methods
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Need long-term
seafloor magnetometer
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