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Abstract — Within the three-years project SIMP** scientists
from four European countries are working on an improved use
of satellite remote sensing data of marine processé the coastal
zone through their imprints on the sea surface, pdicularly

when it is covered by (biogenic or anthropogenic) arine
surface films. In this paper, we summarize resultdfrom joint

field and laboratory experiments conducted in the dpan Sea,
Black Sea, and in laboratory wind-wave tank facilites,
respectively, and we demonstrate how the interpretion of
satellite radar imagery can benefit from a deeper kowledge of
the very mechanisms responsible for slick signatuseand from
auxiliary information provided by sensors working & different

electromagnetic frequencies.

signatures of marine surface films to variationstred wind speed
and wave field and to hydrodynamic phenomena sgcimtarnal
waves, eddies, and currents.

In this paper, we briefly summarize the resultshaf project year
and give examples for the project’s web presemntataboratory and
field studies, and of the analyses of various Beelata.

2.  SIMP WEBSITE AND DATABASE

Two websites, the SIMP project website and the Sliéfabase
have been created in order to ensure a swift egehah data and
information amongst the project teams, and to allaw easy
dissemination of results to interested partiesidetthe consortium.
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1. INTRODUCTION

SIMP (“Slicks as Indicators for Marine Processesvél Tools for

Marine Remote Sensing of the Coastal Zone”) is raarmational

project funded by INTAS, that is aimed at improvihg information

content which can be inferred from multi-sensoelit¢ imagery of

marine coastal areas. Scientific teams from Germaiy Portugal,

and Russia form the project consortium and focus the

development of novel tools for marine remote semsinthe coastal
zone. In particular, the project teams benefit frtime fact that
marine surface films, that are often present instadaareas, may
enhance the signatures of hydrodynamic processdsasiplumes,
internal waves, eddies, etc., on microwave, optieald infrared
imagery. SIMP has started in March 2004, and wepaesenting
first results of our joint studies herein.

The project’s objectives are to develop a robusthowplogy for

identifying slick-related phenomena/processes finotheir surface
sighatures and thereby, to improve the discrimimattapabilities
between slicks and other oceanic and atmosphegagvhena by
taking into account information gained from satelimagery quasi-
simultaneously recorded at microwave, visible aRdmavelengths.
Laboratory and field experiments are being conadudteorder to

investigate those physical mechanisms which arporesble for

variations in slick visibility at different electneagnetic frequencies,
and particularly to determine the sensitivity oflaa and optical
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A project website (SIMP, 2005a) has been creatdgd)tprovide an
overview of project activities and results to théblic, (2) facilitate
exchange of documents and information between grgartners
and (3) keep a transparent record of progressmitté project. The
website is split into two sections, one of whiclofen to the public
whereas the other part allows access by passwdyd Bigure 1
illustrates the structure of the website schemiijica
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Figure 1: structure of the SIMP website.



The start page gives an overview of project famtgectives, links to
funding bodies. It then branches out into a motaitiel description
of project activities sorted by work package (WPhe respective
top page of each work package provides a brief riggm of
activities in the field of the project as well agptional further
information which will be extended and modified otlke duration
of the project.

Further links provided in a navigation bar give e to a list of
project partners and their contact details, thetriotsd access
section, and a collection of project-relevant linkke latter focuses
on other projects involved in similar activitiesdaresearch as well
as conferences which are of interest to the SIMffhpes. Website
activity is monitored via a counter and accessissieg, recording
information on residence country, provider, op@agtsystem and
browser of each site access.

2.2 Database

In order to ensure a swift transfer of data of &pe between all
project teams a project database (SIMP, 2005bpées installed on
an FTP site accessible to all project participamd to the public.
The concept of the presentation of slick images, fite structure,
and the presentation layout has been developeetimstof an easy
access to the data and to the corresponding infmmaThe

database is intended to feature various phenomedapeocesses
visualized by slicks on the sea surface and imdgedifferent

sensors (see Figure 2).
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3. LABORATORY EXPERIMENTS

An important part of SIMP is basic research addngsopen

questions about hydrodynamic processes that irdkighe spatial
distribution of surface-active material on the waserface. Such
basic research has been performed at the wind-wanks of the
Institute of Applied Physics (IAP-RAS) and of thenildersity of

Hamburg (UoH).

Investigations of short wind waves and their vatigbdue to long

waves were carried out at IAP-RAS at low wind ceinds and short
fetches and in the presence of surfacants at diffexoncentrations.
Wind waves were measured using an optical specamatyser and
a coherent Doppler Ka-band radar operating at aeleagth of

0.87 cm. Surface films in the wave tank were forrbgdleic acid

(OLE) and a polymer (poly)oxyalcylene glycol (“Em&a”). The

modulation of short wind waves was found to be darghan

predicted by linear models. It was shown that phaslecities of

short wind waves do not obey the linear dispersaationship and
thus bound waves (high order harmonics) give sicanit

contribution in the spectrum of short wind waveslog&al balance
model was modified and the effect of the generatibbound waves
was described by an additional term in the kinetjoation for the
spectrum of wind waves, thus allowing to explaie #xperimental
results on short wave modulation.

Another set of laboratory measurements was condwttéJoH. We

measured the surface slope and the radar backsugtsg 10 GHz

(X band), and the three-dimensional sub-surfacecityl field at

three different depths. The wind was switched ath@tbeginning of
each measurement, and it was switched off aftemitutes. Each
measurement was repeated with oleyl alcohol beamoged while

the wind was switched on. Preliminary results (Fég3) show
evidence that the measured sub-surface velocities due to

turbulence generated by the wind-waves.

AAFBED1, AAFCED1, AAFDBDT; 9rm/s;OLARATE 12,#1; CORR > 90 & SNR > 10; Time: 890 - 900sec:
T T T T T

17 REL RCS [¢8Y)

100° NS SLOPE V2] /
T
i

AN
AN ;
\// \NV(K/\“K Y}/”\g\

Fy MR AN ALY D AN AR 4

A

./d’“’w\.ww.zz oot et AN

L
=
&

Figure 2: part of the SIMP database containing gtesifor marine
vortices visible on synthetic aperture radar (SARggery.

Images accompanied by a short description, locatiap and links
to auxiliary information are grouped by phenomeniaere are two
main classes of phenomena: physical such as ihtevases,
currents, and vortices, and biological such as|ald@oms and
increased productivity. Images may appear in moam tone group
and in both classes, depending on the phenomena féaure.
Besides the image section, there is a section ibesgithe deployed
sensors and also a short introduction to the databa
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Figure 3: results from the joint UoH/IAP laborat@yperiments
with an oleyl alcohol slick at 9 m/s wind speedbanhd radar
backscatter, mean square surface slope, 3-dimswtikee velocities
at 11 cm, 15 cm, and 20 cm (from top to bottom)teNtbe variations
in sub-surface velocities that were measured #ftewind was
switched on (left-handed side).




4. FIELD STUDIES

Another important part of SIMP is field experimentsat are
designed to evaluate results from laboratory stydi® study
hydrodynamic processes inside and outside of slslered areas,
and to provide in-situ data during satellite oveges. Here we
present two examples of field studies performedinduthe first
SIMP year.

4.1 Slicks in shear currents

An experimental campaign was conducted in Augud42by the
teams of IAP-RAS and the Space Research InstitifleRAS) in
the coastal zone of the Black Sea on the baseedBttuth Branch of
the Shirshov Institute of Oceanology.

The objectives of these experiments were:

(i) to develop a better understanding of mechanishslick
formation and of the relation between slick geosneind the
structure of surface currents;

(ii) toinvestigate the physical characteristicsrrine films

(i) to investigate surfactant spreading regimes

A new methodology of measurements of surface ctgrigna thin

surface layer (about 5 mm) was developed at IAP-R$i8g special
floats which trajectories were traced from a snmalat using GPS
receivers. Simultaneously, film sampling was caroet from slicks

and surrounding non-slick areas. It has been fdabad surfactants
associated with surface currents are located iarsberrent zones
where weak transverse currents also occur, therla#sults in

surfactant compression. Figure 4 gives an examplejectories of

floats, two of them were placed initially insidesick band and
another two outside the band.
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Figure 4: Trajectories of markers inside and o@tsidhatural slick
band (see text).
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It is clearly seen that a) the current velocitiestf the sides of the
slick band are different and b) there are currembmonents in the
cross-slick direction which are responsible fomficompression.
Envisat SAR imagery of slicks in the area of thpeskments were
analyzed by IKI-RAS. Eddies were found to appeathiea images
(SIMP, 2005a) and the studied slicks were consitiésebe related
to the currents in the eddies.

4.2 Biogenic and anthropogenic surface films

In July, September, October 2004 and in Februafp2fe team of
the Il'ichev Pacific Oceanological Institute (POAR) carried out a
series of field experiments at the POl Marine statiCape Shults”
located at the coast of the Peter the Great Bpanl&ea. The main
aim of the experiments was to conduct sub-satetliiéical and
hydro-meteorological measurements to improve tterpnetation of
SAR data and to compare the measured and compateesvof the
normalized radar cross section (NRCS). In ordezdiimate effects
of temperature and chlorophyl concentration on radar signatures
of slicks the field experiments were carried outliffierent seasons.
Both biogenic and anthropogenic slicks were detecte all SAR
images. At wind speeds below 5-6 m/s biogenic sligkualized the
oceanic dynamic phenomena. Coastal mountains, aplmated
coast line, and small islands in combination witlitdm topography
and surface currents were found to be responsibléhé generation
of eddies, internal waves, and costal fronts (sger€ 5).
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Figure 5: top: ENVISAT ASAR image of the Peter tBreeat Bay,
Japan Sea, showing various marine and atmosphecdesses and
marine surface films; bottom: transects along thevain the DSAR
image, showing the dual-polarization NRCS (left)l éime
polarization ratio (right). Note the different poiation ratios on
either sides of the front.



5. ANALYSES OF SATELLITE DATA

5.1 SAR signatures of internal waves

Oceanic internal waves are often associated withagially varying

distribution of organic surface films. Several ER®AR and

ENVISAT ASAR images covering the West and South ¢

Iberian Peninsula were processed at the Univeasityisbon (UoL)

are were analyzed with respect to various oceapbgrdeatures,
including internal waves, upwelling, natural slicksd oil spills. The
spatial coverage of the data set was chosen tomtemal waves on
the western and southern continental margin of therian

Peninsula. The precise regions to be imaged wesedban maps of
barotropic tidal forcing (Baines, 1982) indicatirtgpt-spots of
internal wave generation, and propagation direstiaf internal

solitary waves. One of the regions where the fidaling was found
to reach maximum values was near the submarineocaofyNazare
(off Portugal) and to the West of Lisbon Canyore(B&ure 6).
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Figure 6: model simulations of barotropic tidaldimg on 15.09.03
(a date of an ENVISAT overpass) in the southwegibreof the
Portuguese continental margin. Internal solitaryevsignatures

observed in SAR images match the model predictipiite well.

5.2 Slick damping measured by radar altimeter

It is well known that marine surface films show ap SAR imagery
as dark patches. Moreover, because of their strdamping

capability (so-called Marangoni damping (Alpers ardhnerfuss,
1989)), marine slicks may also influence the sigmalasured by
space-borne radar altimeters. In Figure 7, we“plifferential slope”

(the mean square slope of waves of 6-16cm) agdinBand Slope”

(the mean square slope of longer waves) for twasyeh TOPEX

data from the lIrish Sea that were analyzed at ttetioNal

Oceanography Centre (NOC). Most data fall clostéoblack curve

to “negative residuals” (i.e. data below the curf@) differential
slopes > 0.015 r&d Thus, large residuals are most unlikely to be
related to sea state development, at least fordifferential slopes.
The data above the curve are most likely instanfesin, and the
many large negative residuals are “candidate” acédglarangoni
suppression, which would account for the anomajoulsiw
amplitude of 6-16cm waves.
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Figure 7: differential slope vs. C band slope (g€ for two years
of TOPEX data from the Irish Sea.

6. CONCLUSIONS

During its first year, SIMP has already proven tmd out a wealth
of new results on the influence marine surface dilalicks) may
have on data from satellite-borne sensors. Durlrg remaining
project duration, the consortium will continue fsmg on various
marine processes whose imprints on satellite inyagex enhanced
by marine surface films of biogenic and anthropagengin.
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