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the MaxWave project. All these data cover different

ABSTRACT periods and different geographical areas, wheferdifit
Within the framework of the MaxWave project, sea state conditions were presented.

new algorithms to detect extreme wave events from
radar images have been developed. This work shows
results obtained in the project concerning the aiete INTRODUCTION
of extreme waves, which produce serious damages to
navigation and off shore industry, by using micrewa Within the last years a considerable number ofdarg
remote sensing techniques. In addition, the paper ships, as well as off and onshore structures, le@s b
contains a description of all the different setsseh lost or damaged. The causes of these accidenis are
surface radar measurements acquired and processed f
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Figure 1. Scheme showing the conventional and ndedgloped algorithms for buoy and radar datantdyae extreme
waves and wave grouping.




Figure 2. Subimage of about 30km from ERS-2 SARgenaode taken in the vicinity of Cabo de Pefiastiieon Spanish coast).

records, which provide reliable information abobe t

many cases reported as rogue waves. These aretemporal variability of such phenomena at a fixedan

individual extreme waves of exceptional wave height
and shape.

This paper deals with an overview of the results
obtained in the Work Packages 1 and 3 of the MaxdVav
project. The main objective of the workpackagethes
detection, investigation and explanation of roguevev
phenomena. In addition to conventional buoy dat an
standard spectral analysis, spatial radar data from
marine radars and satellite imagery was used. asle t
included the detection of rogue waves, and extreme
wave groups from the data, as well as the invetitiga
on wave statistics with respect to those extremeewa
events. As the acquisition of the new data setsthed
derivation of new algorithm is best described jgirthe
report about workpackage 1 and 3 is given together.

Two different radar concepts were used: Space borne
Synthetic Aperture Radar (SAR) and Wave Monitoring

System Il (WaMosS 1), a wave measuring device based
on standard marine radar technology. These radar

position (e.g. the buoy deployment point). Radar
systems instead provide spatial information of ¢ea
surface at a given time and thus show a synopticiya
of the spatial structure of the ocean waves. Jatll
observe the ocean surface continuously on a gkitzdé
thus showing extreme events during hurricanes tinén
southern oceans, where most of the extreme evearts w
found during this study. A new quality of obseraati
comes from the fact that crossing seas can easily b
observed.

In the case of nautical radar by every turn of the
radar antenna, temporal information is acquired, to
the frame of the project nautical radars were medint
on platforms to collect long term statistics, eag.oll
platforms or on ships navigating through dangerous
ocean areas like the Alghulas Current.

In recent years, it has been demonstrated that both
sensors (SAR and nautical radar) are reliable ttmls
analyze sea state by determining the directionattsp
from the radar images and suitable inversion allgors.

systems are described in more detail in subsequent Although the information that the directional spaot

sections of this paper.

Traditionally, rogue waves and wave groups have
been studied by means of time series analysis of bu

provides about sea state is very useful to determin
expectation values of e.g. significant wave heighd
mean direction, the directional spectrum is noficieht

to describe properly the wave phenomena as extreme



individual events, which are subject of the MaxWave Scan SAR images with a coverage of 400 x 400 km and

project. a resolution of 100m do usually no longer show acea
Therefore, it is necessary to extend the methods of waves, but can be used to determine severe weather

analysis of radar images to the spatial domainriteo systems on a synoptic scale. As an example thievatr

to describe and identify properly individual wavesd of surface winds from the analysis of the SAR image

wave grouping variability in space. Figure 1 shoavs intensity is shown for a RADARSAT Scan SAR image

scheme of conventional and the newly developed taken near Greenland [Horstmann et al., ].

algorithms to analyze those extreme wave phenomena.

0.06

The following is structured as follows: The second
section describes briefly the two radar sensord.uBee
third section deals with a description of the ealalié
data sets acquired from different measuring canmsaig
for the MaxWave project. The fourth section shows
some results of the different algorithms developed
within the project framework to detect individuahve
height and wave grouping features. The fifth sectio
shows the results of some of the described algosth
applied to a set of SAR images taken by the Eunmopea
satellite ERS-2. Global scale statistics of extramase
phenomena are derived, a first step towards a Radar
Hogben Atlas. Finally, the lasts section contaihe t
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Figure 3. SAR intensity image (A) and the corresfiog
wave spectral estimation (B) by using the PARSAdatgm.
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as provided by the recent European satellite ENV|SA
which can cover areas up to 500 x500°knfigure 2
illustrates an example of a SAR measurement taken b
the European satellite ERS-2 in its image mode. The

Figure 4. Significant wave heights estimated fronglabal
data set of complex ERS-2 imagettes (10 x 5)lanquired on
September 5, 1996 using the PARSA retrieval scheme.

SAR image shows the long swell refraction due ® th
water depth changes in the vicinity of Cabo de Befa
(northern Spanish coast).

WaMoSl|

WaMoS Il (Wave Monitoring System) is an operational
wave measuring sensor, which uses standard marine
Beyond just showing a synoptic overview space borne radars as a remote sensing device. Marine radars ar
SAR images have been successfully used to derive used generally for ship traffic control and navigat
mean sea state parameters in the open ocean. Anpurposes.

example of wave information extracted from SAR

images can be seen in Figure 3, where an ERS-2

imagette is used to derive the wave spectrum. Whige A WaMoS Il measurement is a temporal sequence of
spectrum has been obtained using the PARSA scheme consecutive radar sea surface images. Hencepéhials

(Partition Rescale and Shift Algorithm) [Schulz-
Stellenfleth et al., 2003b]. The idea behing PARS o
take the overall shape of the spectrum from nurakric
wave models like WAM using a spectral partitioning
method (see Figure 2). Figure 4 shows globally
distributed estimations of significant wave heights
derived from the PARSA algorithm applied to the ERS
1 SAR imagettes acquired on September 5, 1996. In
further sections of this report this images areduse
additionally to determine individual and thus maxm
wave height.

and temporal variability of the sea surface isuded in

the WaMoS Il data sets. WaMoS Il is suitable to be
mounted on coastal tower, as well as off shore
platforms, providing sea state information in raaie.
Figure 5 shows the Ekofisk oil field in the centirth
Sea with a WaMosS Il installation and an examplearad
data set. Three in-situ sensors, one wave ridey bad
two laser sensors are placed in this area. Recentl
new technique was developed extending the capabilit
of nautical radar to determine environmental
information. This new technique enables the
measurement of high resolution ocean surface wind
fields [Dankert et al., 2003b;c].
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Il system is installed on the platform (2/4k) irethackground.
A temporal sequence of sea surface images is shdwrave

rider buoy is placed near the oil field, andtlaser sensors a

mounted on the main complex.

ocean

surface for

wave height

and current

measurements [Schulz-Stellenfleth et al., 2001].
Table 1 summarizes the radar data available within
the MaxWave project.

Figure 6 shows the comparison of the significant

wave height measurements taken from a WaMos Il and
a buoy. The data were collected in the vicinitytioé

System Platform Time period L ocation
WaMosS Il EKOFISK Feb. 2-Sep. 13, Central
platform 2001 North Sea
WaMosS Il Grey Fox Jun. 6-Aug. 6, | See Figure 8
2001
WaMosS I Northen Feb. 26-may 24, | See Figure 9
Pioneer 2002
INSAR Aircomander Nov. 9, North coast
2000 of Spain
SAR ERS-1 Apr. 17-May 25, Golf
1992 Stream
SAR ERS-2 Jul. 5-Jul. 8, Agulhas
2001 Current
SAR ERS-2 Nov. 9, North coast
2000 of Spain
SAR ERS-2 Aug. 21, 1996- Globally
Jun. 2, 1997
ScanSAR RADARSAT-1 Mar. 28-May 30,| South tip of
2000 Greenland
ScanSAR RADARSAT-1 1999 and 2002 Atlantic
Ocean

Ekofisk oil platform (North Sea).

Significant Wave Height
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Figure 6. Comparison of significant wave height suee-
ments obtained from buoy records (reference, rad)dmnd a
WaMosS Il (black records) installed in the Ekofisk mlatform

(North Sea).

RADAR DATA SETSACQUIRED

This section gives an overview of all the radamadat
which were acquired, processed or made available to
MaxWave project, as well as other radar data theew
made available to the MaxWave project. Data from
different WaMoS Il installations on board movingpsh
(Grey Fox and Northern Pioneer), as well as from th
oil off shore platform EKOFISK are available. Space
borne SAR data were acquired from two satellitd3SE
1, ERS-2 and RADARSAT-1. The space borne SAR
data available in the MaxWave project cover areas f
5 x 10 knf to up to 500 x 500 kfm(ScanSAR). In
addition, air borne Interferometric SAR (INSAR), ialn
uses two SAR antennas operating simultaneously and
enabling to obtain interferometric measurementshef

Table 1. List of radar data available within the XWave

project.

Thecruise of Grey Fox

For the MaxWave project a WaMoS |l system was
installed temporarily on board of the Grey Foxe(se
Figure 7), which is operated by the Marine Carrier
GmbH & Co (MACS). The Grey Fox is a multi-purpose

container

vessel

sailing between

Germany and

Mozambique. The main purpose of the WaMoS I
installation was to receive data from South Atlarsind
Indian Ocean, especially from the area that isiariced

by the Agulhas current along the east coast of [Sout
Africa, where the extreme wave events are observed
frequently. This allows investigating wave condit$oin
ocean regions with strong wave-current interactions
which is believed to be one of the mechanisms for
generating extreme waves. All radar data collected
during 11 weeks cruise are stored on 34 DDS tapes.

Figure 7. The multipurpose container vessel Grey @eft)
and the utilized X-band nautical radar antenna rtexion the
front mast of the ship (right).

Figure 8 shows the positions of the WaMosS Il
measurements acquired during the cruise of Grey Fox
In addition to the nautical radar image sequensgace
borne SAR data were acquired (see Table 1).
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Figure 8. Map with the positions of WaMoS Il measuents
acquired on board the Grey Fox between June 6 agdst 6,
2001.

The cruise of Northern Pioneer

In addition to the Grey Fox, another WaMoS II
system was installed temporary aboard the container
vessel Northern  Pioneer  (NSB, Niederelbe
Schiffahrtsgesellschaft) on February 26, 2002 in
Bremerhaven, Germany. The purpose of this insiafat
was to receive data from the eastern North Atlantic
specially from the Gulf Stream area. This allows to
investigate wave conditions in oceanic regions with
strong fronts and strong currents, where extremeewa
events are observed more frequently. WaMoS I
sampled and stored data from February 26 to May 24,
2002. Figure 9 shows the positions where WaMoS I
measurements were taken.
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Figure 9. Map with the positions of WaMoS Il measuents
taken aboard the Northern Pioneer between Febi2érgnd
May 24 2002.

Figure 10 shows an example of a nautical radar
image sampled by the WaMoS Il system aboard
Northern Pioneer. Different wave fronts approaching
the vessel can be seen. The yellow arrow in therEig
indicates the ship heading, and the white arrowcatds

the wave propagation direction
WaMoS Il system.

as determined by the

NORTHERN PIONEER, MaxWave

Date B2-27-2882
Time 16:26:88

fntenna RPT 2.48 sec
Sampl.freq. 32.08 MHz

156 m
1358
588

Begin Range
End Range
Range Rings

Trigger:

Greylevel :

Figure 10. Nautical radar image as obtained bya#oS ||
system onboard Northern Pioneer on February 272 5026
UTC. The color coding corresponds to the strengdththe
radar backscatter.

SAR data

As it is detailed in Table 1, different air and spa
borne data where acquired during the MaxWave ptojec
Figure 11 shows a world map of some of the SAR data
set: The 27 days of ERS-2 global distributed imaget
which have been used to analyze extreme wave events
in different areas of the ocean. This dataset based
34000 imagettes was used to create a global aflas o
extreme wave parameters taken during southern winte
Agreements were made with the European Space
Agency to process more long term image data time
series from the radar raw data in order to cre&dRadar
Hogben Atlas’.
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Figure 11. World map showing all the positions @fdays of
ERS-2 SAR imagettes processed. Each dot repreaeBfR
imagette color coded with red (over land), and b{aeer
water). The yellow color code represent the cowerafgone
day.

As an additional example of the acquired SAR data
set for MaxWave project, Figure 12 shows a largeaar
(500 x 500 krf) scanned by the Canadian satellite
RADARSAT-1 in its ScanSAR wide swath. The scene
corresponds to the area around the southern tip of
Greenland. These kinds of images are ideal to measu



ocean surface winds in extreme weather situations

[Lehner et al., 1998; Horstmann et al., 2000].
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Figure 12. RADARSAT-1 ScanSAR images of the Soiglot
Greenland, acquired on April 1, 2000 at 20:30 UTC.
Superimposed is the wind field retrieved from thears SAR
data (blue arrows) and from the HIRLAM model (retbws).

All these datasets are the basis for the resultsdividual
wave statistics using the algorithms described hia bhext
chapter.

DESCRIPTION
DEVELOPED
This section shows some results of the recently
developed algorithm to determine individual wave
parameters. Taking into account the goals of tlgept,
two different kind of studies where carried out harit
the WP3 for the two different radar sensors (eARS
and WaMosS 11). The algorithms can be divided in two
main groups: The first group of methods concerrofll
the techniques related to detect and identify iicldizl
waves. The second group deals with the algorithms

OF THE ALGORITHMS

developed to analyze wave groups from radar images.

The description of these methods is detailed in the
following sections

Detection of individual waves from radar images and
radar image sequences

The sea surface images, which radar system
provide, are a function of many electromagnetic
scattering mechanisms at the sea surface, infldebge
currents, wave tilting, velocity of water particldscal
wind, etc. All these phenomena, known as radar
imaging effects vyield the radar measurement of
intensity. Hence radar images contain informatiboua
how the sea surface backscatters the radar fialtiemr
than the wave elevation itself. Therefore, to detec
individual waves, it is necessary to invert thearad
imaging effects in order to obtain am estimatiorttod
original sea surface scanned by the radar sensor.

Figure 13 shows a scheme of the inversion
technique. So the different known transfer functiand
imaging mechanisms need to be numerically inveiried
order to obtain wave elevation maps (for the case o
SAR) or temporal sequences of wave elevation maps
(for the case of WaMoS Il). The inverted radar iemg
or radar-image sequences are then used for the
investigation of the behaviour of single wave, exie
waves and wave groups.

Sea
Surface

Radar Imaging

Mechanisms iRl

Inversion
Technique

Wave Elevation Map
(Sea Surface Estimation)

Fig. 13. Scheme showing the inversion method teveevave
elevation maps from radar images.

Figure 14 shows an example of a wave elevation
map derived from the inversion scheme of an ERS-2
SAR imagette using the LISE method [Schulz-
Stellenfleth et al., 2003a]. The square in thetrjgdrt of
the figure (the wave elevation map) locates thénémg
wave within the imagette area. The white line iaths
a vertical transect, shown in Figure 15, where the
highest wave can be more clearly seen.

e -0.5 0

05 1 -10 -5 0 5 10
Normalized Intensity Wave Elevation [m]

Figure 14. SAR ocean wave retrieval in the spat@hain.
The left image (A) shows a 5x10 kmormalised ERS-2 wave
mode imagette acquired at 48.45°S, 10.33°E on AuBds
19969, 22:44 UTC. On the right (B) the retrieved sarface
elevation field is shown.



Once the wave elevation map is obtained, the singl of the maximum wave was carried out. The maximum
wave detection can be carried out. Figure 15 shaws in the elevation map presented in Figure 16, wacett
method to determine wave heights in the spatialadom through all radar images. By following all datamsion
The methods locates each single local maximum and the transect along wave travelling direction, thatsl
finds the closes local minimum around taking into evolution of the surface elevation was derived. hBot
account the direction given by the highest gradient time series displayed in Figure 17 yield aboutshme
between the maximum and the closer minima. maximum wave height.

20: T T T T

range [m] . image intensity
e 7 0 84 128 192 256
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Figure 15. Vertical transect of the retrieved oceave field
in range direction as indicated in Figure 14.
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Figure 16. Detection of the individual wave heigfrtam the
wave elevation map shown in Figure 14 (right). E&mtel
maximum is connected to the closest local minimaking
into account the direction given by the highestdgmat
between the maximum and the minima around.

As was mentioned above each radar (SAR or
WaMosS II) has its own special features, which htwve
be taken into account to develop an inversion sehem
and from this to obtain a reliable estimation of gea

surface. B - | T
The main difference between SAR and WaMoS Il 8 6 4 2 0 2 4 6 8

data is not only the different imaging mechanisms, ]

the inclusion of the temporal dependence in the Sea surface elevation [m]

measurement. So the inversion scheme permits ieeder  Figure 16.WaMoS Il radar image as obtained on June, 02,

temporal sequences of wave elevation maps [Nieto et 2001, 22:15 at Ekofisk. The grey scale correspadthe

al., 2003]. radar backscatter strength (left). Corresponding serface

elevation map (right). The sea surface elevatiaoisr coded.

Figure 17 shows a WaMo$S Il image obtained at 1he graph in the lower right corner of the map shahe

Ekofisk on June, 02, 2001, 22:15 (left). The ingdrt section with the highest single wave of this measnt.

wave elevation map can be seen in Figure 16 (right)

From the temporal sequences of wave elevation maps

inter comparison of the spatial and temporal evatut
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A recent algorithm to derive wave height from WAMOS
data using tilt effects has been developed by [Benk
and Rosenthal, 2003d]. This method is as well
applicable in the case when there are no in-situ
measurements available to perform the nauticalrrada
calibration. The method is based on the deternunaif

the tilt angle at each pixel of the radar images.

Blocktracing

Wave group analysis from radar images and radar
image sequences

Wave groups play an important role for the design
and assessment of offshore-platforms, breakwaters o
ships, because successive large single wave ooests
deep troughs can cause severe damages due to theit
impact, or they can excite the resonant frequencfes
the structures. For ships, an encounter with waweas
can sometimes cause capsize or severe damage. An
extreme wave can develop from a large wave grogp du
to interference of its harmonic components [Trulsen
2001]. Therefore the detection of wave groups iacep
and time is of extreme importance for ocean engmee
and scientists.

For SAR images two different algorithms have
been developed. The first one is based on a wavelet
decomposition technique to detect the borders hetwe
areas of different intensity within the SAR imades
this method works directly wit h the SAR intensity
images, it does not need to apply any kind of jmewi
inversion. Figure 18 shows an example of this nmettho
applied to an ERS-2 imagette.

Grouping

Figure 18. Scheme of the wavelet-based wave grgupin
detection algorithm. This algorithm can as well lsed to
determine the crest length of the waves, which fs o
importance when calculating the impact waves cavelon
coastal structures.

The second method developed for SAR is based on
the determination of the two dimensional wave
envelope, the groups areas are there determined aft
thresholding the envelope. Figure 19 shows an eleamp
of the wave group detection by this method. The
threshold height is the significant wave height.
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Figure 19. Determination of the wave envelope iguFé 14
(up). Wave group detection (down). Each area isrcobded
depending on its mean wave height.
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For WaMoS Il image sequences, an algorithm has
been developed for investigation of the propertés
individual wave groups in space and time. Therdigy t -1000
temporal envelope of the linear surface gravity egv
which are band-pass filtered, is determined forheac
point [Longuett-Higgins, 1986]. The filtering and
determination of the complex envelope function are -2000
performed in the Fourier domain. The radar-image -2000 -1000
sequences are inverted to give the 2-D sea-surface
elevation. The retrieved groups are investigateth wi

0 1000 2000
x [m]
Figure 20: Dominant wave groups from Helgoland

d to thei . d . litud (left  hand side) and beside from Ekofisk.
regard 1o their aréa size and maximum amplitude. Transparently overlaid are the wave envelopes ef th

Radarimage sequences, collected with WaMoS I, gominant wave groups with a chosen minimum area
allow the measurement of the spatial and temporal gjze.
development of wave groups, their extension and
velocities [Dankert et al., 2003a]. On the left hand side of Figure 21 the center of
energy of all selected wave groups for a givenstho&l
Figure 20 shows the results of two cases analyzed. level of 2.5 m is shown. The travel direction of al
On the left hand side a shallow water area withatew groups is varying, but agrees in average with tlaénm
depth of 10 m (Helgoland), and beside in deep water travel direction of the single waves. One wave grou
(Ekofisk platform).Transparently superimposed dre t path is shown in detail together with the traveédiion,
wave envelopes of the dominant wave groups. All the the group (solid contour) and its gravity centeewéry
areas that are retrieved by the method are cowmndd fifth time step. The crosses give the gravity cerice
measured regarding their spatial size, with thailtes the other time steps. The gravity centers are aginvg
that the total wave group area size for each iedert and diverging periodically over time, which could h
image is similar over the image sequence. The group reason for parametric rolling of ships.
are not disintegrating in deep water due to dispers
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Figure 21: Left image: Center of energy of all sedd
wave groups of a Helgoland data set for a thresbbRI5 m.
One path is shown in detail. Right plot: Phase cigfoC, of
the single waves and group velocity, @ith their mean values
(top) for the highlighted wave group path. The lgiees the
velocity regarding linear wave theory.

The plot beside shows the phase velocity of the
single waves g; the group velocity g with their mean
values G, = 8.35 m3 and G = 11.26 ms and the
potential energy for the highlighted wave grouphpat

The line gives the velocities regarding the linear
wave theory for shallow water, which are determined
with the frequency and wave number at the spectral
peak. Comparison of measured wave group velogities
shallow and deep water show good agreement of the
average value with the group velocities resultiranf
linear wave theory. However, oscillations of theugy
velocities were observed in 2D. Overall, the aggtian
of the algorithm on nautical radar-image sequences

shows the applicability of these data for detectionl
measuring of wave groups in spatial and temporal
dimensions.

GLOBAL SCALE STATISTICS OF EXTREMA
WAVE EVENTS

This section shows results of the application @f th
algorithms explained above for SAR images of the se
surface. The first example (Figure 22) shows a a@lob
map of Hy. values estimated from the SAR data set,
which was acquired during 27 days in the winteseaa
of the southern hemisphere. It can be seen that the
highest values occur in the southern Atlantic near
Antarctica. In the northern Atlantic high individua
waves are observed due to the passage of the dnesc
Fran and George.

(highest wave in meters)
._' \ "&‘ <

gty

so—l

-100 o

Figure 22. Map showing maximum single wave heigHig.y
derived from 3 weeks of ERS-2 SAR data acquimed i
August-September 1996. The rough areas in the south
hemisphere and the path of the hurrickren in the northern
Atlantic are visible.
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Figure 23. Histograms of ratioht,,o{H; different intervals of
Hs in comparison to the distribution derived from Régh
distribution.

From this data set statistics of the ratio: maximum
wave height/significant wave height can be carpetl
Figure 23 shows the histograms computed for all the
data set and separated for different ranges offisignt
wave height. It can be seen that when the sigmifica
wave height is higher the probability of findindhigher
relative value of maximum wave height increases.



Swell tracking

Using the large amount of data, as the ERS-2 data

set different kind of studies on global scale cobkl
carried out. One of these studies is the swelkiracto
determine the meteorological conditions responditle

extreme waves. A possible reason for forming of an
extreme wave event can be a moving fetch. This
situation occurs, when a wave or wave system tsavel
with a storm system collecting energy from its high

wind regions for several hours or even days. Withia

project Maxwave it was

possible for the first tire

identify moving fetch as reason for an extreme wave

The highest wave found in the 3 weeks of ERS-2
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Figure 25. Second step of the 36 hour swell backing of

data from 1996 using the inversion scheme mentioned most extreme wave found in southern Atlantic on ¢bghe

above, is an about 25 m

southern Atlantic imaged on September 6, 00:44:40
UTC. Figures 24 to 26 show how it was tracked

wave in the central pathef

backwards in time. Coming from the Brazilian cathst

group speed calculated from its wavelength is only

slightly lower than the movement of a storm systsn
given by the ECMWF hindcast model wind fields.

The position of the backward tracking of the wave

position stayed within the northern high wind regiof
the storm for several days as can be seen in EQ#e

25 and 26. The storm itself turned clockwise on the
southern hemisphere and moved eastward therefore
hadving its highest wind speeds on its northerneedg
Indeed the globally highest wind speeds on Septe&be

according to the six hourly hindcast model werghi@
northern part of this storm system.
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Figure 25. First step of the 36 hour swell backitag of most
extreme wave found in southern Atlantic on top bét

ECMWF hindcast wind field.

ECMWF hindcast wind field.
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Figure 26. Third step of the 36 hour swell backtiag of
most extreme wave found in southern Atlantic on abpthe
ECMWF hindcast wind field.

CONCLUSIONSAND OUTLOOK

Several different radar data sets were acquired in
order to investigate the relationship of maximum to
significant wave height. During ship cruises in the
Atlantic Gulf Stream and the Alghulas region joint
datasets of marine and space borne SAR data were
acquired. Global imagette datasets yield the piisgib
to derive statistics and showed that there are more
extreme waves on the oceans than was expecteligor t
period of three weeks. Data acquired with airborne
SARs are acquired only during a short time frarke &
day, but yield the possibility to investigate intbe
possibilities of new planned space borne missions.

Within the framework of the lkWave project, new
algorithms were developed to derive 2D and 3D seface
elevation fields from space borne complex synthetic
aperture radar and nautical radar data respectively
particular, these algorithms permit to investigate
individual waves and wave grouping. Therefore, the
traditional analysis of 1D buoy time series is exted
to wave fields defined in the spatial domain analtisp
plus temporal domain. The application of these
techniques to satellite SAR and WaMoS data pernit t



derive global distributed statistics on the occoecee of
extreme waves and wave grouping.

The remote sensing techniques described in this
study help to find empirical relationships betweesean
sea state characteristics and probabilities ofeendr
wave events. Furthermore they help to identifyt"ho
spots" and thus to improve risk maps. With the
restrictions mentioned above it is possible to stigate
non-Gaussian features of ocean waves, which can, fo
example, be caused by rogue waves.

At this time only 34,000 images distributed along
27 days, which correspond to three weeks of dadae w
available. For this data set, acquired during thetern
winter a highest wave of about 25 meters was fdand
the South Atlantic. The data set is still too snfall
final conclusions, e.g. on the ratio of maximum to
significant wave height. 10 years of SAR raw dat@ a
available, which will be reprocessed in the futuree
raw data of two years of ERS data are now in
processing and the respective ENVISAT dataset is
being collected.
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