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Process of Tsunami warning

_.March 11 14:46 Earthquake occurrence

/. N
g 14:49 Tsunami warning

14:50 Tsunami forecast- 3m in Iwate, 6m in Miyagi,
3m in Fukushima

ISURAMINWASIORSENVEUIBYNGESIDUOYS
| I Tsunami warning level was raised.

. 4
15:14 Tsunami warning
Tsunami forecast - 6m in lwate,

. . over 10min
Miyagi,
Enlkiichima Gm n
Referred to 15:30 Tsunami warning

Japan Meteorological Agency website;
http://www.mlit.go.jp/kowan/nowphas/ 15:31 Tsunamiforecast - over 10m in Ilwate to Chiba
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Overview of GPS Buoy System

GPS Satellites

g oHoHB

BEEREE - 20km Distance Limitation

DATA Center
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SABaEN AaCateion Correction Data  GPS Buoy
Monitoring
Observed Data Point
Offshore

Carrier Phase, Pseudo range

Base Station Information
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Instruments

Wind Meter GPS Antenna

Observation ltem
Wave, Tide-level, Tsunami
Wind Speed & Direction,
Water Temperature
Current Speed & Direction

- Atmosphere Temperature &
- Pressure

Sola
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Distribution Map of GPS Buoy in Japan
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1) GPS WAVE GAUGE
Now, 15 sites are operated in
Japan.

2) INSTALLATION CONDITION
20km offshore.
100m ~ 400m sea depth.
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The Great Eastern Japan Earthquake=
Detected Tsunami at GPS Bou '

Kuji, lwate (Water Depth: 125m)

Miyako, Iwate (Water Depth: 200m)

Kamaishi, lwate (Water Depth: 204 m)

il ATheFirst Tsunami wave

Hirota, Miyagi (Water Depth: 160m) |

Kinkazan, Miyagi (Water Depth: 144m)
Onahama, Fukushima (Water Depth: 137m) me—er—wmm— . — =0 — — =l o - o2 O ph — - — 2 = W - — =

Owase, Mie (Water Depth: 201m) f AT e
Wakayama, Southeast (Water Depth: 201m) : — == ' - =
Kaiyo. Tokushima (Water Depth: 430m) | | S —
14:00 15:00 16:00 17:00 18:00

March 11, 2011
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The Great Eastern Japan Earthquake

'_': Article

Tsunami More Than 10m High

O R Wiaey
Py Ao LT

1.0nllofMarch,ataboutl15:10, the
shocking data was sent to JMA.
The GPS buoy 20km from Kamaishi
city, Iwate observed Tsunami more
than 3m high.

2. Atl15:14, JMA predicted Tsunami
again more than 10m high in Miyagi,
more than 6m in Iwate and
Fukushima.

Authority: The Daily Yomiuri
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Limitation of

Current Tsunami Monitoring Syste

B Current GPS buoy system using RTK technique
€ Based on base-line processing using dual frequency receivers

€ Base-line processing has limitation for distance
» 20km is limitation for ordinary RTK
» No VRS (Virtual Reference Station) technique in the ocean

B PPP (Precise Point Positioning)
€ No limitation for distance

€ Accuracy does not meet to detect Tsunami at offshore
» ~20cm accuracy in height by ordinary PPP

B New processing scheme need
€ No limitation in distance with ~3-5cm accuracy
€ PPP+RTK
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New Monitoring System with PPP-AR

y
[

'm

B PPP-AR - Precise Point Positioning with Ambiguity Resolution
€ RTNet (Real Time Network software) can be estimate precise Satellite
clocks and correction data for ambiguity resolution
€ Ground GPS Network are required
€ Validated PPP-AR processing 1,300km far from Network
€ Evaluating PPP-AR with experimental Buoy in Japan
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B Reference network is set at Northern Japan (red circles)
a part of GEONET (GPS Earth Observation Network) operated by GSI
€ GSI: The Geospatial Information Authority of Japan, MLIT
B Buoy station is more than 1,000 km far from the reference network

B Compare with ordinary RTK processing (13km distance)
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PPP-AR for Buoy Processing in Japarss

PPP-AR Results
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World Largest
Nation-wide GPS Infrastructure
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Real Time Observation Data

gEsDer:E;-ﬁon Sites Network Data Center in Tokyo
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GPS and Seismometer (Accelerator)
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Figure 2. Comparison of 1-Hz GPS (blue-0144) and
intepgrated acceleration records for KiKnet (green-HDKHO7)
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GPS Positioning and
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B True real-time monitoring of seismic wave at GEONE]{)I’%FZ(C
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138" 139" 140" 141" 142" 143°

B Rapid and precise inversion of fault model for better estimate of
magnitude of the earthquake with GNSS, Early warning for Tsunami

B Propagation of seismic wave based on observation could be
provided to mobile devices such as cell phone H ItZ
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lonospheric Disturbances after

The Great Eastern Japan Earthqguake—=

B lonospheric disturbances were observed by GPS total electron
content (TEC) and ionosonde observations after the 2011 off the
Pacific coast of Tohoku Earthquake at 05:46 on March 11, 2011.

05:00:00(UT) 03/11 2011
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g : ! | Space Weather and Environment Laboratory
_"2-8 2 uf I : : _ : Applied Electromagnetic Research Institute,

National Institute of Information and
Communications Technology (NICT) JAPAN
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Buoy w= GEONET Huroto 8882
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Comparison for 122 days in 2008 (GEONET 0082 30 sec, Muroto buoy 1Hz)
B Number of samples: 344,886, RMS in ZTD: 20mm (PWV 3 mm)
B The result suggest that monitoring of PWV in open ocean is possible
€ PWV: Precipitable Water Vapor
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Proposal of Deployment of Multi-purpo

GNSS Ocean Buo Network
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B Tsunami, Wave and Atmospheric (ION and TRP-PWV) monitoring
B PPP-AR is better than RTK because of no requirement of reference station
]

Deploy similar system globally for moisture database
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Summary and Implication

Current GNSS buoy and RTK processing is not enough for quick
warning of Tsunami

€ Ports and Harbors Bureau, MLIT deployed GPS Buoy for port
management, main purpose is not a Tsunami detection
B Real-time monitoring of Tsunami at buoys far offshore and rapid
warning of Tsunami based on real observation would be great help
to mitigate natural disasters due to Tsunami

B PPP-AR for more accurate real-time monitoring of Tsunami is under
experiment based on real-time GEONET data streaming

B Real-time monitoring of seismic wave would be helpful to mitigate
natural disasters caused by earthquake

B Meteorology and multi-purpose maritime observation possible by

loading various observation unit. g G p 5 Demonstration
(. Solufions

Demonstration of processing  http;//rtgps.com

The authors would like to thank Ports and Harbors Bureau, MLIT and Port and
Airport Research Institute to provide monitoring data and pictures data,

Dr.Tsugawa of NICT to use his results on this presentation. H | tZ
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Bottom Left: Buoy and Chain on the Vessel
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