Ship-based Tsunami Detection and
GPS Meteorology

Ship-based tsunami detection and =2
meteorology network e

Ship tracks provide excellent coverage of tsunami source regions. We have demonstrated
that geodetic GPS on ships can detect open ocean tsunamis. Ship tracks are at their most
dense along coast-lines: exactly where GPS-meteorological estimates of IPW could provide
the most significant impact on short-term predictions of weather.

Example of tsunami detection from a g
ship: Maule EQ tsunami, Feb 2010 RS

The R/V Kilo Moana was underway from Hawaii to Guam when the tsunami from the
Maule earthquake passed the ship. The predicted amplitude of the wave was ~10 cm.

University of Hawaii
Research Vessel Kilo Moana
is equipped with twin dual-
frequency GPS systems
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3 Motivation o

Recent tsunamis are responsible for the loss of 100’s of
thousands of lives and 100’s of billions of dollars in damage and
economic losses. Evacuating coastal zones can cost 10’s of
millions of dollars.

Atmospheric rivers are the dominant cause of flooding and play

Q: How can we cost-effectively acquire spatially dense
observations of tsunamis and improve short-term
forecasts for land-falling meteorological hazards?

A: Use the vast existing infrastructure provided by ships!

3 Current Tsunami Detection Systems ‘<&

Seismic Tide Gauges DART system
Advantages: Advantages: Advantages:

« Extremely rapid detection « Direct + Accurate point
and location estimation of measurement N measurements of ocean
large earthquakes of runup depth perturbations

« Fault plane (conjugate

3 Sea surface height perturbations ,,“,

Post-processing of the GPS data revealed sea-surface perturbations very similar to the
predictions from numerical models of the tsunami. This was further explored by cross-
correlation with a “matched-filter” formed from the first 60-min of the predicted wave field.

By perturbing ing the Elevation
period and amplitude) the -, perturbations for

" First Arval




3 Ship-based tsunami detection

netwark concept
GNSS signals + high-
accuracy satellite orbits
and clock solutions ‘{ \

& M6.9 Valparaiso Earthquake Oy Y

Model predictions for the tsunami generated indicate that the maximum ARG
amplitude at the ship locations is too small (< 1 ¢cm) for our system to detect.

3 Example: Atmospheric Rivers &%’

Atmospheric rivers

transport huge quantities ERA-Interim
of water vapor from the Reanalysis,
tropics to the higher s \Vith ship
latitudes (fluxes an order tracks

of magnitude greater than
Mississippi River). These
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Pilot Network

A 10-ship pilot network was built by the University of Hawaii, collaborating with
Matson, Maersk, and the World Ocean Council, with funding from NOAA

(o V- GPS: Trimble NetR9 receiver w/ RTX positioning
service & GLONASS enabled

Satellite  miniVSAT + 2GB/month (pooled) data plan
Comms:

Data Flow: Corrections streamed to GPS receiver via
internet. Position solutions streamed to UH

I
Total Round Trip 14 days .
Port calls 3.5 days
Underway 10.5 days
— : =
Total Round Trip ~ ~63 days 1
Port calls 11 days
Underway

Improving meteerological hazard g3
prediction and mitigation EEHE

Problem: Many of the extreme weather events that impact our
communities form over the oceans. Although satellites provide
excellent global coverage, observations may be contaminated
by clouds, and by the land at coastlines, reducing the quality of
data. Limited temporal resolution also limits the quantity of data
available in this zone. This impacts the short-term predictions
crucial for effective mitigation.

& Summary @

+ 6 ships were live at the time of the 24 Apr 2014
Valparaise event. A similar number were available
far the 2015 lllapel event.

+ The tsunami madel predicted mnldud
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,s Going Big... What is needed to scale @ ,s

up to a n«work with 1000+ ships?

mmmmmpmp with mere optimal
installation locations (en top of mast)

s System Components - 3

« Ships: GPS with PPP-AR for accurate positions, and satellite
communications for data streams
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Ships in the near-field, or along the
main energy “beam” of a major tsunami
would detect it without the need for the
matched filter approach




