HF RADAR DETECTS AN
APPROACHING TSUNAMI WAVE
ALREADY IN DEEP WATERS
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Linear wave theory to transform a wave on the deep ocean into

> % shallow water:

b= D = reference deep water (3000 m)

8 d = water depth

T a(D) = reference wave height in deep water (0.5 m)

- a(d) = wave amplitude

g V,,, = maximum wave surge velocity at the surface

L] 1/ Andaman earthquake:

Z a(d) = a(D) (%) S (1) |a(3000) = 0.5 m (Jason data)

— v..(3000) = 0.029 m/s eqn(2)

1/, a(100) =1.17m eqn(1)

UV = a(d) (g) (2) |v,,(100)=0.37 m/s eqn(2)
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HF RADARS HAVE SEEN TSUNAMIS

Results from SeaSonde crossed loop radars show that
tsunamis can be detected when they are on the shelf
— in shallow water and at short ranges (0.2 to 12 km
from the shore).

Results from a WERA phased array radar show that
tsunamis can be detected in medium depth water
(880m) at long ranges ( >30 km).
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The tsunami height superimposed on the total current
velocity field measured by radars at Usujiri (blue dot) and
~ Kinaoshi (red dot): (a) 11 March 2011, 15:53 JST; (b) 11
Por lman',;__ March 2011, 21:00 JST.
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T Lipa et al., Remote Sens. 2011, 3, 1663-1679; doi:10. 3390/r
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Time series of velocity components from
the Kinaoshi radar (42 MHz transmitter
frequency) and simultaneous water level
observations from the Hakodate tide
7 7] gauge. Radial velocity was resolved

. perpendicular to the shore, and averaged
over bands 2 km wide parallel to the depth
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TOHOKU Earthquake, 2011

| Hoame | . CODAR SeaSonde Data
o ! | . Lipa et al., Remote Sens. 2011, 3, 1663-1679; _ .
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Time series of velocity components from
the radar at Bodega Bay and
simultaneous water level observations
from the Point Reyes tide gauge in
California, USA. Radial velocities were
resolved perpendicular to the shore, and
averaged over bands 2-km wide parallel
to the shore. The radar has 13 MHz
transmit frequency and 2 km range
increments.

TOHOKU Earthquake

CODAR SeaSonde Data

Lipa et al., Remote Sens. 2011, 3, 1663-
1679; doi:10.3390/rs3081663



Calculations of
maximum wave
% amplitude using
the MOST model.
The braided

& channel effect

~ across the Pacific

P

WERA DATA

Japan (Tohoku) tsunaml, March ™ 2011

~ . Maximum wave amplitudes
NOAA Center for Tsunami Research S e
16 NOAA Research Product, not an official forecast w..
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Rumena, Chile. WERA Radar
with an 8-
element phased
array.
Freq 22 MHz
. Max range 50km
-~ "% Range res:0.6km
ggh Sampling on
133s time series
sliding in steps
of 33s.

WERA DATA




WERA Phased Array radar at
Rumena, Chile made
observations at depths 40m,
160m and 880m along the
transect 45 degrees west of
- | 12 north.
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HFR for TSUNAMIS
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HF RADAR FOR TSUNAMI MONITORING

To be useful in Monitoring Tsunamis, HF Radars need
to have:

1. Time resolution of a few minutes;

2. Surface current resolution of a few cm/sec;

3. Long range capability.
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‘ 'HF RADAR FOR TSUNAMI MONITORING

| Tlme resolution of a few minutes:

:«fo‘ng range SeaSondes integrate for 1-3 hours;

ng ra nge WERAs integrate for a few minutes.
i Antenna Patterns
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HF RADAR FOR TSUNAMI MONITORING
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HFR for TSUNAMIS
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HF RADAR FOR TSUNAMI MONITORING

2. Surface current resolution of a few cm/sec.

Long range SeaSondes achieve surface current
resolution of better than 10 cm/sec (MUSIC analysis).

Long range WERAs achieve surface current resolution
of better than 5 cm/sec (Auto Regression analysis).

Higher operating frequencies give better surface
current resolution.



HF RADAR FOR TSUNAMI MONITORING
3. Long Range Capability

A monitoring radar needs to achieve maximum range possible without
- compromising time resolution, or surface current resolution.

The data points are

Range of 1-st order beam versus Frequency

P == for WERA radars,
Z: m.,,.\.,‘_‘ \\ — A and an estimate of
[N Q& -=7- SeaSonde the variability is
fer AN shown.
ZZ AN ~=-/|  The red dashed line
- NS sfittedtodata |
lMall [ ﬁr from ACORN.

Frequency in MHz

With ACORN configurations, the WERAs have about 30% greater range than SeaSondes at the same frequency.
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RAradé\r in Chile observed the tsunami in water
ep at a range of 32km.. ==

0.4 1 — | —

Distance 3 km, Water Depth 40 m 5
0.3~ Distance 17 km, Water Depth 160 m [
Distance 32 km, Water Depth 880 m | : : :
o2 ................. ................. ................ ................ ................

Surface Current Velocity Generated by .T.sunami‘ (m/s)y | ) )

2145 22:00 22:16 2230 2245 2300 2315 2330 2345 24:00 24145 2430
Time after the Great Tohoku Earthquake (hours)



e

A s
~ e D~
~*‘-\§*:—_‘€v*-”‘f“>-‘*?f"

At o

' The WERA radar
in Chile showed
| that the tsunami
| was non-linear |
| between 880 and |
160m depths.
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linear theory
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- HFRADARFORTSUNAMIMONITORING

X WERA data
— Linear Theory fit at 880m.
-~ = Linear Theory fit at 40m.
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= RADAR FOR TSUNAMI MONITORING
e Technlcal Summary

PARAMETER PREFERENCE COUNTERPOINT TRADE OFF

Time Resolution Short Increased Noise Shorter Range

Current Resolution Short Increase Shorter Range
Frequency

Current Resolution Short Decreased Shorter Time Resolution

Integration Time

Range Long Decrease Longer Time Resolution
Frequency Increased Current Resolution
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HF RADAR FOR TSUNAMI MONITORING
SUMMARY

The optimal system for monitoring tsunamis is:

1. anarrow-beam phased-array radar (low noise);
2. sampling every 3-5 minutes (time resolution);

3. operating at low frequency (long range).

Note:

The range (operating frequency) is a trade-off against
surface current resolution and the choice is site-
specific.

mal.heron@ieee.org |.l.Huang@stei.com.tw
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HF RADAR DETECTS AN
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