201 2FE B RINEARE

FEIRICHTAL—FEAESHD
SRE(ZD2)

ERk24F9R7H
JTTAARIEKE
0K




FE(FD2) DIERK

1. [XC&HIC

2. FERITA(VO0RERSEFTORKESA
AL AR E i i - merging tsunami

3. HFL—% DiEREH
AL KT HE B tsunami signal

4. FRIZBHODIE=HDAR—XtH
GNSS-RZ I AL E RIRA BT <5

5. BnYIC

X EFEH




Fig.1 2

Relative Sea Level (cm)

N
20"

50 60

O 80" 20 100

004 Indian Ocean Tsunami

110 120

& NOAA News
=% Online

o\ W i ,& 10 Jan 2005:
io° :-..- \ PR -~ ' » T E‘,‘f'?‘ﬂ' 2004 .
‘ s N P \-—«.%: tsunamlt_
: RSy B == af propagation
0 ‘ : %{, propag
~10° T ——=wy Fpicenter:
+00.58:53UT,
— 6 Dec. 2004.
. [3.2N, 94.2E.
—-30° B 110 i‘ig_:_ 2 Mt SRR NN
$.afp sarthquakel |\ o __lJason-1:
| | , | L - 02:53:51UT,
oy 4.56S, 84.12E.
. Ind. Ocean.
20 =
0 =\ 02:59:53UT,
~20 -13.15N,
497 satellite (Jason—1) 90.56E.
‘zg'. Model Bay of Bengal

| - —
-30 —-20

_—
-10 0 10

Latitude (deg)



O | I | | T =
| I | I |
m 4] ¢ I _ Aﬁ I
g
B e
- Ly L, s |
= -
N~ - - — ) S— [
c O @. “.l.,..,.._ _ |
5 3 B T |
R NS [N TR,
L i, N R e A
Wn_nb I T |
I - |
BN T~ 1 g
wﬁ_ I _ I
.E__ g 1"
ln_l._ll_ | _+
=

f

\

1

It e ) PR M | O LR

!

£ : t\hﬂ"
e i T il ke

£

O

1 and Model

[
I
T fRa i T e R | T S

|

I
i | PRt il rierii et Ll i

|

Fig. 2 Sea Surface Height Anomalies:

Data by Jason
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Fig. 3 Tsunami Shadows
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Fig. 4 Japan Tsunami, 11 March 2011

http://nctr.pmel.noaa.gov/



Flg 5 Merglng Tsunaml March 11, 2011
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Tsunami Model. (a) Amplitude
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Fig. 7 Max. Amplitude of the 26 Dec.
2004 Tsunami Modelled by Titov et al.
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Fig. 8 GPS-measured Land Displacement
Song et al., Geo Res lett, 2012

and the Derived Seafloor Displacement
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Fig. 9 Tsunami Height Superimposed on

Total Current
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Fig. 10 Radial Current Velocities
from Usujiri Radar

Lipa et al., Remote Sensing, 2012
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Fig. 11 Velocity Components from
Kinaoshi Radar and qg-factor
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Fig. 12 Overall System with PARIS Concept

PARIS: Passive Reflectometry and Interferometry System

R: receiver
T: source
Number of
reflections
= Number of
sources

Martin-Neira, ESA Journal, 17, 1993



Fig. 13 Tsunami Warning Study based
on GNSS-R LEO Constellation
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Fig. 14 Coastal Altimetry with GNSS-R

Ruffini, IEEE Geo Remo Sens Soc Newsletter, 2006



Fig. 15 PARIS: Iso-delay lines
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Fig. 16 PARIS: Iso-Doppler Lines
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Martin-Neira, ESA Journal, 17, 1993



Fig. 17 Iso-delay Lines and
Iso-Doppler Lines
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Lowe, IEEE Geo.
Remo Sens, 2002
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Fig. 19 Data Collection with UK-DMC
Satellite March 12, 2004
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Fig. 20 Signal Processing

Signal Processing
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Fig. 21 Delay-Doppler Map of Ocean
Reflected Signal of GPS
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Fig. 22 PARIS-Aircraft Test at H1000m
over Palamos Canyon
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Fig. 23 Tsunami Detection Using

GNSS Reflectometry Stosius, Adv Spa Res, 2011
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Fig. 24 PARIS-loD Concept




Table 1 Estimated Performance:
loD and Operational Mission

0D Operational
Height Accuracy Height Accuracy
I Parameter on 100km, G=23dBi, on 100km, G=30dBi,
- h=800km h=1500km
Instrument Noise and Speckle 12.5cm 4.2 cm
| Kot 9.7 cm 48 cm
i (2 frequencies 3 frequencies
Troposphere (Wet and Dry) 5cm 2.cm
Electromagnetic Bias 2 cm
Skewness Bias 2 cm
: 17 cm 7.5¢cm
Total RMS Height Accuracy (13 cm at nadir) (5 cm at nadir)

Martin-Neira, IEEE Geo Rem Sens, 2011
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