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NEPTUNE-Canada Tsunami Array of Bottom Pressure
Recorders (BPRs)
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The Tsunami High Resolution Array: September 2009
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NEPTUNE recorded tsunamis: 2009-2011

BPR Sites
Location

Samoa 29 Sept 2009
Vanuatu 7 October 2009
Chile 27 Feb 2010
Bonin Islands 21 Dec 2010
Honshu (Japan) 9 March 2011
Tohoku (Japan) 11 March 2011




NEPTUNE TSUNAMIMETER

3 BPR array in 2600m surrounding
the BPR at ODP Borehole 1026; the
NE leg not deployed.

ODP 889: 1260m
Barkley Upper Slope: 400m

_{I'-_“lijﬁ ial
pressure

Folger Deep: 100m
Failed: Folger 27-Nov; NW 21-Feb

connecto lj

BPR (Bottom Pressure Recorders) £l “- X\
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PGC in collaboration with Bennest Enterprises
developed a novel way to process data from

Paroscientific Digiquartz pressure sensors substariel s e T
enhancing pressure resolution. with differential pressure gauge and platform  mepru

This, along with the Cabled observatory enabled high
temporal resolution gives us an unprecedented look at
both seismic and oceanic waves in real-time

1 sec sampling, 0.4Pascal (~0.04mm ocean depth),
smicroK.

DART: 15min -> 15s acoustic modem-> satellite



@ NEPTUNE

O DART

On September e
29, 2009 tsunami
waves were
generated by the
major (Mw = 8.1)
earthquake at
17:48:10 UTC
2009 near the
Samoa Islands

/| 'Tsuilami heights associated with
the M, = 8.1 September 29, 2009
Samoa earthquake




As part of the NEPTUNE-
Canada cabled seafloor
observatory, an array of six
high-precision bottom
pressure recorders was
installed in the late summer
of 2009 at depths from 100
to 2600 m seaward of the
southwest coast of
Vancouver Island in the
northeast Pacific. On
September 30, 2009, the
array recorded waves of 2.5
to 6 cm amplitude associated
with the transoceanic
tsunami
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Surprisingly,
waves continue
arrive to the
shore at least in
10 hours.
Correlation
between outer
(CORK) station
and slope (889
BPR) station
shows only
waves which are
going to the
shore and
absolutely no
reflected waves

Data processing

Evalution in time of correlation function
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Basic of the regional tsunami modeling

* Waves in the region are forced by incoming plane
wave through the open boundary

 Reflected waves at outer station are small so the
iIncoming waves have the same parameters as
recorded on the outer station

 To force the model we need the direction of the
waves and time series at outer station
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Regional Tsunami Numerical Model Comparison between observations and model

5

September 28, 2009

*Driven by the BPR tsunami data; model
initialized using the first observed
tsunami waves transposed to the
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*Comparison shows near perfect 5
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records. Some differences on the o —— YV ’Hw AT aa
onshore tide gage sites reflect quality of
the bathymetry

Relative sea level (cm)

Neptune-Canada BPR array

Folger Deep BPR

1027 NW BPR

—=Ou s e 1

oDP 1_02;7}&fBPR (planned) Time (hours UTC)

4V




Bonin Island tsunami of December 21, 2010, 17:19:40 UTC

* Epicenter

- DARTs

A JAMSTEC cable net

A Neptune cable net
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Sea level (cm)

Sealevel (cm)
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20 24 22 2

PG2 Kas hiro- Tokachi near Hokkaide {2400m, 100 km offs hors

19 20 21
TimeofDecember21, 2010 (UTC)

011_)

Residual sea level (

(=]

A 8
Time of December22, 2010 (UTC)




F-t (wavelet)
diagram
confirms it is a
tsunami record!

Low picture
shows
theoretical
arriving time for
the dispersive
waves
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High frequency measurements

Transform.(Start Fq =0.010 ,End Fg = 0.500, alpha = 25.000, Cut Off = -19 )
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* If we go to the higher frequencies, we also can see
arriving waves. It is not sea waves but seismic
waves (Rayleigh and P-waves)



Here is a simplify theory how bottom pressure will react to the vertical bottom
movement.

Let the sea bottom oscillated with amplitude b and angular frequency w:
z(t) = bsin(wt + @)
The acceleration of the sea bottom is
d’z
a(t) = —
dt

Bottom pressure at steady sea bottom is

= —bw” sin(wt + @)

p=p(g+a®)h=p, - pho’bsin(wt+ p)

If the water column moves as a whole body (the wave period is bigger than the double
travelling time of the acoustic wave from the bottom to the sea surface). The entire
water column in this case will move simultaneously with bottom, and the bottom
pressure becomes:

Thus, the amplitude of the bottom pressure oscillation is proportional to the water
depth and square of the frequency.

The typical wave speed of the Rayleigh wave is 3km/s, so, at period 7 sec Rayleigh
wave will have a length about 20 km, accordingly, the depth in the formulas means
some average (on the wavelength scale) depth. At steep slope as at sites ODP 889
and Barkley Canyon, we need some value of “effective” depth instead of the specific
depth at the side. Taken into account such remarks, the spectral ration for the “DPR /
ODP 889" ~6.7 (amplitude ratio 2.6) and “DPR / Canyon” is 9.7 (amplitude ration 3.1).
So, “effective depth” for the station 889 will be 1040 m and for the Canyon station 870
m.
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Figure 2, Pressure spectra from the seafloor from three
oceans. Infragravity waves drive long-period pressure fluctua-
tions below 0.03 Hz. The Arctic and Atlantic are quieter
because of a quieter ocean wave climate.




Chilean 2010 tsunami




Chilen 2010 tsunami
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All 4 NEPTUNE
stations and DARTs
show clear tsunami
records. Increase in
high frequency
energy on March, 2
related to the local
storm.

We also can see a
seismic signal on
deep stations
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February - March, 2010
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We estimated
direction of the
waves in two set of
the stations using
cross-correlation.
Wave undergo
refraction because
of depth change.

The directions of the
Initial wave train and
later wave train are
differ by 20°

British
Columbia
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Comparison of observed (blue) and modeled (red) sea levels (with tides removed) from three
NEPTUNE Canada bottom pressure recorders, 19 UTC 27 Feb 2010 - 03 UTC 28 Feb 2010.
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Tectonic Setting
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2011 Tohoku Earthquake (M, = 9.0) 2011 Honshu Earthquake (M, = 8.9)

Washington State March 11-12, 2011
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BPR 889

Barkley Canyon

Folgers Passat

March 2011




“We used GSN broadband
waveforms downloaded from the
NEIC waveform server. We
analyzed 39 teleseismic
broadband P waveforms, 22
broadband SH waveforms, and 55
long period surface waves
selected based upon data quality
and azimuthal distribution.
Waveforms are first converted to
displacement by removing the
instrument response and then sl 9,
used to constrain the slip history ,
based on a finite fault inverse
algorithm (Ji et al., 2002). We use
the USGS hypocenter
(Lon.=142.37 deg.; Lat.=38.32 , . B
deg.). The fault planes are defined «“SF—F— 0 o o

using the updated W-Phase

moment tensor solution of the http://earthquake.usgs.gov/earthquakes/eqginthenew

NEIC, adjusted to match local slab s/2011/usc0001xgp/finite_fault.php
geometry “
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Tohoku 2011 tsunami
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Samoan Earthquake

Chilean Earthquake

Tohoku Earthquake

200 km south of the Samoan
Islands

Offshore Maule, Chile

East from Honshu, Japan

Tuesday, September 29, 2009,
17:48:11 UTC

Saturday, February 27, 2010,
06:34:14 UTC

Friday, March 11, 2011,
05:46:23 UTC

Mw=8.0

(indicating 1/16" of the energy
released in the Chilean
earthquake)

Mw=8.8

(7th strongest earthquake
since 1900)

Mw=9.0
(4th strongest earthquake
since 1900, highest

tsunami in Pacific since
1964)

Tsunami travelled 8300km to
arrive at the Neptune array
11 hours later, averaging 755
km/h

Tsunami travelled 10,650km
to arrive at the Neptune
array 16 hours later,
averaging 666 km/h

Tsunami travelled 6,930km
to arrive at the Neptune
array 8.6 hours later,
averaging 806 km/h

Well defined narrow band (9-
13min) wavetrain with trough
to crest height ~5cm

Broad band wave energy (5-
150min) max trough to
crest wave height ~6cm

Most of energy in mid range
(20-60 min), Trough to
crest wave height ~20 cm










