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Abstract. Off-shore detection of tsunami waves is a crit-
ical component of an effective tsunami early warning sys-
tem (TEWS). Even more critical is the off-shore detection
of local tsunamis, namely tsunamis that strike coastal ar-
eas within minutes after generation. In this paper we pro-
pose new concepts for near-field tsunami early detection,
based on innovative and up-to-date microwave remote sens-
ing techniques. We particularly introduce the NESTRAD
(NEar-Space Tsunami RADar) concept, which consists of a
real aperture radar accommodated inside a stationary strato-
spheric airship providing continuous monitoring of tsunami-
genic oceanic trenches.

1 Introduction

In the first few minutes after an earthquake conventional
tsunami warning systems mainly rely on a number of seis-
mic estimates of the earthquake, e.g. magnitude, focal depth,
location, to determine whether a tsunami might have been
generated with a certain probability. These measures are usu-
ally available after a short time (<10 min), only limited by
the time it takes for the seismic waves to travel from the epi-
centre to the seismic stations. However, at this early stage
the tsunami warning system does not yet know whether a
tsunami has really been generated or not.

Far-field tsunamis, which hit a coastline after a sufficiently
large amount of time, can easily be detected and measured
using conventional techniques like tide gauges and buoys in
combination with seismic results. The warning can then be
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issued together with a good knowledge of the direction and
size of the tsunami wave, and false alarms are merely non-
existent.

When dealing with near-field tsunamis, it might be suffi-
cient to issue warnings for all tsunamigenic earthquakes be-
cause of tight time constraints, but repeated false-alarms can
lead to a reduced responsiveness of the population to such
warnings, which should be avoided for obvious reasons. In
order to bring useful information to existing warning systems
(i.e. has a tsunami been generated or not, velocity, direc-
tion, etc.) space-based sensors must hence provide responses
within a few minutes from the initial quake, because the wave
might hit the coast within e.g. 20–30 min when it is gen-
erated at the Sunda trench and approaching the Indonesian
coast. Late information is of little value to early-warning,
since cheaper, ground-based technologies (e.g. tide gauges
or tsunami buoys) have most probably already provided a di-
rect and precise measurement. Early information, however,
can only be collected in the area where the tsunami is gen-
erated, i.e. in the open ocean, where the wave height and the
orbital wave velocities are very low compared to the wave
parameters near or at the coast (see Sect. 2). Initial seismic
measures are of course required as input to such space-based
sensors, particularly the location of the epicentre, in order to
point the sensor to the potential tsunami wave as quick as
possible. To match these constraints, a careful analysis of
the limitations in terms of time-responsiveness of LEO (low
earth orbit) satellites and the opportunities offered by differ-
ent space and airborne platforms is necessary.

Stratospheric airships are an interesting solution for ser-
vices demanding continuous temporal coverage and continu-
ous data downlink. Stratospheric airships are unmanned, au-
tonomous solar-powered vehicles designed to operate above
the jet-stream at approximately 20 km and to carry payloads
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of up to a few tons (Hanlon, 2005; Qureshi, 2003; Cooney,
2009). The airships, measuring more than 100 m in length,
can be used for both military and civilian applications. Be-
sides early-warning and post-disaster damage assessment,
they offer reliable and continuous downlink transmission and
might also serve the purpose of mobile data communication.

The NESTRAD concept presented in this paper consists of
a C-band phased-array radar accommodated inside a strato-
spheric airship, providing quasi-geostationary, all-weather,
24/7 coverage and consequently a response time less than
5 min. It is meant to detect tsunami-induced RCS modu-
lations (tsunami shadows) (Godin, 2004; Troitskaya et al.,
2008), tsunami wave height as well as tsunami orbital veloc-
ities. Depending whether the platform is stationary or slow-
moving, it can operate as a real aperture radar or as a syn-
thetic aperture radar (SAR).

The performance analysis shown in the following tries to
give an account on the system capabilities to resolve tsunami-
related geophysical features. In particular, the detection of
radar cross section modulations (Godin, 2004) is expected to
provide wide area coverage. In this case modulations of a
few dB should be present for tsunamis of virtually any size.

2 Radar relevant tsunami signatures

In this section we review, from a radar remote sensing view-
point, all known tsunami-related signatures. For each de-
tectable geophysical feature, every sensor with either proven
or potential detection capability is listed and briefly dis-
cussed. Each sensor relies on at least one principle of detec-
tion but, obviously, one sensor can combine more principles
of detection.

2.1 Tsunami wave height

Wave height is the most intuitive physical feature of an ocean
wave and can be measured by tide gauges at shore, ocean
bottom pressure sensors off shore and, lately, tsunami wave
height measurements were recorded by satellite-borne al-
timeters (e.g. Okal, 1999). Satellite altimetry relies on nadir-
pointing radars carried onboard a number of satellite mis-
sions like ESA’s ERS-1, ERS-2, ENVISAT, SENTINEL and
the series of US-French satellites Topex/Poseidon, Jason-1
and Jason-2. On Boxing Day 2004, a number of altimeters
accidentally overflew the tsunami wave and provided the sci-
entific community with valuable measurements (e.g. a wave
amplitude of 0.7 m in the open ocean). Following this acci-
dental data-takes, concepts were put forth for tsunami early-
warning from space. The proposed concepts envision a num-
ber of LEO microsatellites carrying altimeters (implemented
either with active or passive radar technology). For example,
results from the GANDER project (Global Altimeter Net-
work Designed to Evaluate Risk) (Allen, 2006) put forth a
constellation of 24 micro-satellites (4 satellites in each of 6

near-polar orbits at 1682 km altitude, orbit period 2 h) in or-
der to overfly a tsunami within 30 min from the initial quake.
An interesting alternative to classical altimeters is to use
GNSS reflectometry, as proposed in (Stosius, 2010). How-
ever, the satellite still has to overfly a ground station for the
data downlink, which might well take another 30 min under
rather favourable conditions. If a constellation of satellites
is put forth for tsunami early warning, intra-satellite commu-
nication links should be envisioned to match the constraints
dictated by near-field tsunami early warning.

Since tsunami wave heights in the open ocean are expected
to be far below 1 m, detecting such a small change will cer-
tainly be a challenge. The Topex/Poseidon and Jason-1/2
altimeter measurements already showed that averaging over
long times is required to resolve these changes, and it might
become impossible for low amplitude tsunamis, especially
under bad weather conditions where the ocean is already very
rough.

However, one advantage, which is true for all signatures
mentioned in this section, is that tsunamis are extremely
large-scale phenomena and that the changes, although being
very small, apply for very large areas in the order of hun-
dreds times tens of kilometers or even more. By continuously
monitoring these large areas and by adequate averaging and
filtering, it should be possible to extract even small changes
from the overall statistics.

2.2 Tsunami orbital velocities

As with every ocean wave, tsunami propagation relies on the
elliptical movement of water masses. Even though the group
velocity of the wave is generally high (700 km/h in the open
ocean, slows down with shallower bathymetry) the horizon-
tal orbital velocities of water masses accomplishing tsunami
propagation are extremely small. The horizontal orbital ve-
locity of a tsunami waveUh can be calculated using the fol-
lowing formula (e.g. Lautrup, 2005; Myers, 2008; Bryant,
2001)

Uh = A

√
g

D
(1)

whereA is the wave amplitude,g is the gravitational con-
stant andD is the ocean depth. For the Sumatra Boxing Day
tsunami in 2004, which had an amplitude of 0.7 m in the open
ocean with a depth of 4000 m, the horizontal orbital velocity
Uh results to 3.5 cm/s. This value certainly represents the up-
per bound of expected velocities; smaller (average) tsunamis
should be in the range of 1–2 cm/s. These orbital veloci-
ties are amplified by shallow bathymetric features and might
reach tens of cm/s or even m/s in coastal areas. Tsunami
orbital velocities might be detected by along-track interfero-
metric SAR systems (Romeiser, 2000) and HF surface wave
radars (e.g. Lipa, 2006; Anderson, 2008).
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2.3 Tsunami shadows

Tsunami shadows are spatially extended alterations of the
radar cross section of the ocean surface. Observations of
tsunami shadows, i.e., extended darker strips on the ocean
surface along the front of a tsunami wave were first re-
ported by the pilot of an aircraft overflying the 1946 Aleutian
tsunami (Perkins, 2004). Later, observations were reported
by eye-witnesses located at different points along the shore
of the island of Oahu, Hawaii, coinciding with the arrival of
a small tsunami triggered by the 1994 Shikotan earthquake.
Besides optical observations, tsunami shadows were also ob-
served at microwave frequencies by satellite altimeters over-
flying the Boxing Day tsunami (Godin, 2004; Troitskaya et
al., 2008). This unique data-take confirmed the presence of
relevant (a few dB) variations of the ocean surface radar cross
section (RCS) associated with the tsunami wave front. How-
ever, the physical mechanisms causing tsunami shadows are
not yet entirely understood. The most likely explanation is
that the orbital velocities of the tsunami wave cause modu-
lations of wind velocity over the sea surface and thus cause
variations of the intensity of short surface waves.

These observations suggest that satellite altimetry, syn-
thetic aperture radar (SAR), scatterometers and radiometers
might have good tsunami detection capabilities. Of particular
significance is the fact that the tsunami shadows propagate at
a known and very distinct speed, which allows for their un-
ambiguous differentiation from other features on the ocean
surface. Therefore these shadows appear to be the most
promising detectable signature for the near-field problem and
for tsunami detection in the open ocean in general. Further
research is however needed to evaluate the time needed for
tsunami shadows to build up after the tsunami inception.

2.4 Tsunami-induced internal waves

Tsunamis are long gravity waves and, like tides, have the
capability of triggering internal waves under given oceano-
graphic conditions. Internal waves generated by the Boxing
Day tsunami were recorded by MODIS (Santek, 2007). Even
though internal waves appear as radar cross section variations
of the ocean surface, it is worth reminding that the gener-
ating mechanism and the spatial scale of these features are
completely different from tsunami shadows.

All these features are ocean surface physical features, and
might be detectable by satellite borne sensors (SAR, satel-
lite altimeters, scatterometers and radiometers). Indeed, a
number of mechanisms (either known or unknown) might
contribute to tsunami-induced radar cross section modula-
tions and chances are that these effects are strong enough
to be used as principles of detection by future tsunami warn-
ing systems. This involves not only detection but also an
estimate of the tsunami magnitude. Ultimately, a stationary
sensor (e.g. NESTRAD) has the possibility to learn normal

patterns and detection and/or magnitude estimation can be
achieved by comparing pre- and post-quake patterns.

3 The NESTRAD concept

NESTRAD consists of a phased array real aperture radar op-
erating at microwave frequencies (e.g. C-band, as chosen for
the concept shown in the following) accommodated inside a
stratospheric airship. Contrary to a satellite, no stowing and
deployment of the antenna is required, prompting the use of
low power density active electronically scanned array tech-
nology (LPD-AESA). In the following, a planar phased ar-
ray is considered, but other solutions (conformal arrays or a
reflector illuminated by a feed array) could be envisioned to
achieve full 360◦ azimuth coverage using highly innovative
digital beamforming techniques (Krieger, 2008). NESTRAD
offers four principles of detection. The first is the detection
of tsunami-induced radar cross section modulations (RCS
mode). The second is the Doppler retrieval of tsunami orbital
velocities (Doppler mode). The third is the retrieval of veloc-
ities by using ground moving target indication (GMTI) via
along-track interferometry (ATI mode), and the fourth is the
retrieval of tsunami wave amplitudes obtained by pointing
the beam downwards and detecting relative displacements in
sea-surface height (altimeter mode). In the following the first
three principles will be analyzed and a performance predic-
tion of the proposed design will be provided.

One important error source that has to be mentioned are
stratospheric winds and thus uncertainties in the knowledge
of the exact position and trajectory of the platform. The
altitude of 20 km (above the jet streams) has been chosen,
since minimal wind conditions are to be expected during
most of the time. Winds still can change by up to 50 m/s
e.g. due to sudden stratospheric warming, but these effects
are usually slow and smooth (within 1–2 weeks) and only
few of these peaks are to be expected over the year (Modica,
2007). Therefore this error source is assumed to be negligi-
ble (quasi-constant wind conditions in short time periods) in
the performance estimation for the different modes, at least
for a first-order estimate.

Before performance prediction, however, we start with
spatial coverage considerations.

3.1 Spatial coverage

According to the illumination geometry depicted in Fig. 1,
the off-nadir angleθ can be written as

tan(θ) =

[
Rsin(ϕ)

H −Rcos(ϕ)

]
→ θ = arctan

[
Rsin(ϕ)

H −Rcos(ϕ)

]
,(2)

whereR is the earth radius (6370 km),H is the platform
height from earth center (i.e. 6370 kM+20 km=6390 km) and
ϕ=ηθ , whereη is the incidence angle. The distanceDhor
from nadir to horizon is then derived by

Dhor= Rϕ. (3)
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Fig. 1. Sketch of illumination geometry and spatial coverage.

The formulae above account for the geometric horizon (also
called visual horizon). At microwave frequencies however,
electromagnetic energy is bent slightly downwards. This
phenomenon is such that the radar horizon is displaced far-
ther away from the visual horizon. This effect can be taken
into account by multiplying the earth radius by 4/3 (provided
propagation occurs through a standard atmosphere) (Afullo
et al., 2006). For a stratospheric airship located 20 km above
ground, the radar horizon is thus located 575 km from the
nadir point. So, considering the attitude change capabili-
ties of the airship, the radar coverage for target detection is a
disk of approximately 1000 km diameter. For the purpose of
tsunami detection however, we must be able to retrieve the
RCS of the ocean itself, and not of a target on its surface.
In the following section the performance prediction shows
acceptable signal-to-noise ratio (SNR) even for−30 dB at
incidence angles up to 85◦ (250 km ground range, 500 km di-
ameter disk), but the variability of ocean surface radar cross
section (RCS) at low grazing angles is such that the real mon-
itoring capabilities of the system can only be ascertained by
experimental measurements.

In the case of the Sunda trench (see Fig. 2), the length
(3000 km) is such that an array of 4–5 airships is necessary
to provide early warning to the entire Java and Sumatra coast-
line. The same applies for the Mediterranean Sea (see Fig. 3),
where almost every coastline lies in the near-field.

There are however situations where fewer units could
cover the whole tsunamigenic areas of concern, provid-
ing near-field early warning to densely populated areas like
Japan, the Cascadia Subduction Zone (CSZ) off Oregon and
British Columbia or the Philippines.

3.2 RCS (radar cross section) mode

For the RCS mode we present a performance prediction
based on the single pulse radar equation, known in the litera-
ture as the SLAR radar equation (Henderson et al., 1998). In

Fig. 2. Spatial coverage for Sunda trench and the Philippines.

Fig. 3. Spatial coverage required for the Mediterranean Sea.

remote sensing applications, in which the target is extended,
it is appropriate to defineσ 0 (normalized radar cross section)
as the radar cross section per unit area of the scene as a ran-
dom variable, with a meanσ 0, which in general varies from
one resolution element to another. The following equation
expresses the average SNR of a single radar pulse viewing an
extended target with homogeneous mean specific backscatter
coefficientσ 0.

SNR=

(
PtG

2λ2

(4π)3R4

)(
1

L

)
σ 0
(

cτ

2sin(η)

)(
λR

La

)(
1

kNTB

)
(4)

wherePt is the transmitted power,G the antenna gain,R the
range distance,La the antenna aperture,τ the pulse width,
λ the radar signal wavelength,c the speed of light,N the
noise figure,T the noise temperature,L the loss, andB is
the Boltzmann constant.

For oceanographic applications, the normalized radar
cross-section is strongly dependent on polarization (vertical
VV or horizontalHH), angle of incidence, local wind speed
and sea-state. For our performance prediction we will use
indicative values. NESTRAD is meant to detect tsunami-
induced radar cross section modulations in the largest possi-
ble area. We will therefore consider incidence angles ranging
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from 0◦ (nadir) to 80◦–85◦ (low grazing). For ocean observa-
tions, vertical polarization yields higher RCS than horizontal,
thus driving the choice for a single polarizationVV system.
For low grazing angles, the RCS can be taken approximately
equal to−30 dB. For airship-borne real aperture radars, PRF
(pulse repetition frequency) constraints come from Nadir-
transmit interferences and range ambiguities, i.e.

Wa> 2λR (PRF)tan(η)/c (5)

Further, if Doppler measurements are considered, the PRT
(pulse repetition time) must also be reasonably shorter than
the target decorrelation time, which is in the order of mil-
liseconds.

Considering a continuous waveform (FMCW), follows an
indicative system design for NESTRAD as shown in Table 1.
C-band is chosen for its sensitivity to sea-surface roughness
and cloud penetrating capabilities. Ka-band would also pro-
vide a very good sensitivity to ocean roughness, but un-
fortunately is much more affected by bad weather condi-
tions (Danklmayer, 2009) than C-band and hence not a good
choice for a reliable early warning tool. Vertical polarization
is chosen given the higher RCS with respect to horizontal
polarization. Beam steering capabilities allow the coverage
from nadir to low grazing in elevation and from−60◦ to +60◦

from broadside in the azimuth direction, thus covering a cir-
cular sector approximately 120◦ wide. From Table 2 we can
see that in the far range a SNR of 13 dB can be achieved
at broadside, corresponding to an acceptable 10 dB SNR at
60◦ off broadside. Even though azimuth resolution in the far
range appears to be poor (2000 m), it is still acceptable to re-
solve tsunami shadows, the latter having spatial extensions of
thousands times tens of kilometers. This huge spatial scale
will also be of great advantage for resolving the shadows, i.e.
changes in the RCS of few up to 5 dB, since averaging over
large areas is possible and thus will reduce uncertainties due
to local statistical variation in ocean backscatter to a large
extent. Finally it has to be stated that it is not yet clear how
much bad weather situations with rain, turbulent and strong
winds and huge seas will affect or limit the detection capabil-
ities of the radar. However, since the performance shown in
Table 2 is based on minimum power requirements, the sensi-
tivity of the system can be easily enhanced by increasing the
power, which is absolutely no problem on airships.

3.3 Doppler mode

Being stationary, the system can be used as a pulse Doppler
radar to estimate sea surface radial velocities. Tsunami or-
bital velocities appear as anomalous surface currents whose
value is crucially dependent on tsunami magnitude and
bathymetry. In this section, we consider the problem of
tsunami orbital velocity detection with a real aperture radar
at microwave frequencies.

Table 1. NESTRAD design parameters.

System Parameters

Antenna 10 m×3 m
phased array

Frequency 5 GHz
Polarization VV
Path Loss 3 dB
Noise Figure 3 dB

Antenna Parameters

Antenna Aperture 30 m2

Antenna Gain 51 dBi
Side lobe level −15 dB
Max. scan angle from broadside (elevation) 45◦

Max. scan angle from broadside (azimuth) 60◦

The accuracy of the velocity measurement yielded by a
stationary Doppler radar system is given by the square root
of the variance of the velocity estimator (Doviak et al., 1993;
Rodriguez et al., 1992):

var
(
v̂
)
=

(
λ

4πPRF

)2 1

2N2

(
1−|ρ [1]|2

|ρ [1]|2

)
(N−1)∑

n=−(N−1)

|ρ [n]|2(N −|n|) (6)

wherev̂ is the line-of-sight velocity estimator,N is the num-
ber of samples,ρ[n] is the correlation coefficient at PRT·n
time lag, andλ is the radar wavelength. Substituting the
design values given in Tables 1 and 2 into the formula we
obtain a velocity accuracy of approx. 1 cm/s for a SNR of
20 dB. This value should in principle allow the retrieval of the
tsunami-induced surface current signature also in the open
ocean without requiring the wave to propagate in shallow
bathymetry.

Note that the correlation coefficient is not only depen-
dent on the time lag, but also on the spatial extension of the
radar resolution cell. Being a real aperture radar the qual-
ity of the Doppler measurement might be degraded in the far
range with a consequent constraint on the coverage area for
this operating mode, i.e. the spatial coverage will be much
lower (∼100 km) than for the RCS mode. The velocity ac-
curacy can be enhanced by increasing the PRF, and thus also
a tsunami with low horizontal orbital velocities should prin-
cipally be detectable, since these tsunami-induced velocity
changes again apply to a very large area. However, the spatial
coverage limitation emphasizes to treat this detection mode
only as an add-on, which is not able to fully replace, but prob-
ably to add significant value to the RCS mode.
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Table 2. NESTRAD performance at near and far range.

Waveform Parameters far range near range

Incidence angle 70◦–80◦ 20◦

σ0 −30 dB −20 dB
PRF 800 Hz 2 kHz
Pulse width 1.25 ms 0.5 ms
Peak power 100 W 1 W
Bandwidth 150 MHz 150 MHz
Duty cycle 100% FMCW 100% FMCW
SNR 13 dB 40 dB
Range resolution 1 m 3 m
Azimuth resolution 2000 m 100 m

3.4 ATI (along-track interferometry) mode and SAR
(synthetic aperture radar)

Considering the airship platform to be moving, rather than
being stationary, offers additional possibilities of operating
the radar. With a linear movement of the platform along the
antenna aperture (azimuth) a much larger antenna aperture
can be synthesized, resulting in the typical high-resolution
SAR imaging mode, which is used by almost all the current
remote-sensing radar systems. Thus, assuming an aperture
length of 10 m and a signal bandwidth of 150 MHz, the spa-
tial resolution would be around 5 m in azimuth (flight direc-
tion) and 1 m in range (radar look direction), independent of
the sensor height above ground. The SAR mode, however,
is not a good candidate for ocean monitoring, since it re-
quires coherent summation of radar signals over the whole
length of the synthetic aperture. At the low speed of an air-
ship (∼50 m/s), building up the synthetic aperture requires
acquisition time in the order of seconds, whereas the corre-
lation length of ocean wave movement is in the order of mil-
liseconds. SAR imaging, in this case, makes only sense over
solid earth targets, which stay coherent over longer periods
of time.

Coming back to tsunami detection, the movement of the
platform also opens up the opportunity of using along-track
interferometry (ATI) to measure velocities of ground targets
and thus also orbital velocities of ocean waves. The principal
of ATI is to use two antennas at slightly different positions in
the along-track (flight-) direction. If a target is moving in the
radial direction (radar look direction), the Doppler spectra
at the two antennas will be different and, with this differ-
ence, the radial velocity component can be estimated. The
details of ATI and ground moving target indication (GMTI)
can be found in (Sharma, 2004). With regard to tsunami de-
tection it is particularly important to know, whether the ex-
pected orbital velocities can be resolved by ATI techniques
or not. The minimal resolvable radial target velocityvmin
depends on the velocity of the platformvP, the radar wave-

lengthλ and the length of the antenna apertureL. In order
to generate two separate antennas in along-track with the ac-
tual NESTRAD design, the 10 m phased array antenna can
be electronically divided into two smaller antennas with the
length of 5 m each, which would then yield a minimal resolv-
able velocity of

vmin =
λvP

2L
= 0.025

m

s
= 2.5

cm

s
, (7)

assuming a platform velocity of 50 m/s. Since 2.5 cm/s is
in the range of a large tsunami, the accuracy would have to
be increased for a small tsunami, e.g. by increasing the aper-
tureL. Unfortunately this is not the only limiting factor for
ATI over the ocean. In order to enable sufficiently coher-
ent data for resolving the required ocean currents, the time
lag between the two ATI acquisitions has to be in the order
of the decorrelation time, i.e. milliseconds. The distanced

of the two individual antenna phase centers with respect to
correlation timeτ corr and platform velocityvP is given by
(Romeiser, 2000)

d = τcorr·vP. (8)

As for the aforementioned configuration and a correlation
time of 1 ms, the distanced would have to be 5 cm, which
cannot be achieved by using only one electronically divided
antenna. Hence the biggest problem and limiting factor is
the low platform velocity, which cannot be significantly in-
creased. Only expensive solutions using at least two very
large antennas are able to ensure sufficient ATI performance
for tsunami detection.

Interferometry (InSAR), polarimetry (PolSAR), polari-
metric SAR interferometry (PolInSAR) and also bistatic ge-
ometries (e.g. using two NESTRAD platforms) are further
options of using the radar.

4 NESTRAD’s multi-purpose approach

Since a tsunami occurs only rarely, a sensor like NESTRAD
would be too expensive and inefficient if designed exclu-
sively for the purpose of tsunami warning. As already
pointed out in the previous sections there are many different
possibilities and options/modes to operate an advanced radar
instrument. Due to the fact that radar instruments nowadays
can be very lightweight (easily below 50 kg if required), and
that airships are able to carry huge payloads up to a few tons,
there is enough space and mass budget left for arbitrary addi-
tional sensors (e.g. optical, GNSS, infrared, more radar, etc.)
on the same platform, which could be used for many applica-
tions. Beyond the capability of quick and effective tsunami
detection, such a system could be able to serve for exam-
ple for sea state monitoring in general, ship tracking (traffic,
piracy, etc.), reconnaissance and surveillance, local weather
monitoring, hurricane monitoring, volcano monitoring, flood
monitoring, traffic monitoring, and as a communication relay
station.
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5 Conclusions

In this paper, a concept for near-field tsunami early warning
is presented. NESTRAD consists of a phased array antenna
accommodated inside a stationary or slowly moving airship
meant to provide continuous monitoring of the ocean sur-
face. A preliminary performance prediction is given, and the
system appears to be capable of providing off-shore measure-
ments of tsunami-related features.

The initial review of tsunami physical features has
highlighted a plethora of phenomena that have received
widespread attention in the remote sensing literature. Re-
search in the field was mainly substantiated by data from
LEO satellites. However, unless an inter-linked constella-
tion of a large number (>50) of satellites is considered, LEO
satellites cannot match the challenging requirements posed
by near-field tsunami early warning. All possible space plat-
forms have then been considered and stratospheric airships
were found to be able to serve as ideal platforms for contin-
uous monitoring of large ocean areas.

Tsunami shadows have been found to be the most promis-
ing tsunami related signature for detection using radar sen-
sors, since the observed RCS modulations of a few dB over
very large areas should be easy to resolve even using very
minimalistic radar designs. The RCS mode also provides a
huge permanent coverage of approx. 1000 km disk diameter
from 20 km platform height.

The physical characterization of tsunami waves from a
radar remote sensing viewpoint is still in its initial stages,
and more information is needed for a robust characterization.
Open questions are, among others, related to information on
the initial stages of the wave, e.g.: how long does it take for
orbital velocities and/or for tsunami shadows to build up to
a maximum after the initial generation? Which is the depen-
dence of tsunami shadows on atmospheric weather? Which
is the dependence of tsunami shadows on tsunami magni-
tude?

Finally we shall like to point out that first experimental
tests using radar on an airship platform are planned by the
Microwaves and Radar Institute of DLR in cooperation with
the University of J̈ulich (Germany) and the Zeppelin com-
pany for the year 2011.
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