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Objectives

e Ocean & coastal zone thematic area

e Marine dynamic environment
e Sea surface characteristics

The project aims at exploiting Synthetic Aperture Radar satellite measurements to
generate innovative added-value products to observe coastal areas characterised by
harsh environments, even under extreme weather conditions.
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Ship backscattering vs incidence angles

Backscattering from offshore wind farms

Backscattering from oil emulsions

Bistatic scattering from oil-covered sea surface

Backscattering under wave breaking conditions



Asd«pgcz Ship backscattering vs incidefies angles @ cSd

* Gulf of Mexico on 17/11/2016. St | Fishing trawler track
L=20.85m, W=6.74 m
* Time series of UAVSAR imagery. Average speed 16 km/h

* Five SAR scenes collected over the
target spanning two hours acquisitions.

* Wide incidence angle range, 35° - 49°,

* Low-to-moderate sea state conditions,
wind speed in the range 1 m/s - 5 m/s.




@ngcz Ship backscattering vs incidefice angles @ cSd

Azimuth direcclon

UAVSAR polSAR data set
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Ship backscattering vs incidefice angles

Multi-pol NRCS contribution relative to the SPAN
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@ngcz Backscattering from off-shorevind farms @ eSd

Robin Rigg OWF (Solway Firth, UK): PAZ X-band polSAR measurement
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.Sszﬂﬂsgc Backscattering from off-shoréwind farms

Wind turbine backscattering decomposition
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Backscattering from oil entulsions = @ eSd

Multi-frequency simulation of scattering from marine oil emulsion

_______________________________________________ |
Environment . . .
Emulsion Oil Slick
Wind
) Apel spectrum WL Bruggeman formula
Sea surface :

Effective Diclectric Constant

»
Damping effect

(MLB) ; Layered madium model
Sea Wave Spectrum § Compoesite Reflection Coefficient
Geometrical propertics Dielectric propertics
EM scattering
AIEM model

NRCS of Emulsion o1l covered sea surface

W GRS WM R R W R R R GER OWER RER R OWER W R R R R OB R R R W R TR TR W W e e
B O O B O S S B B B B B O O O O S O O SRR RO



o

0 T T T T T T T 0 T T T T T - T 0 - T T T T T T
Leband — dan sea C-0and dean sea ) X-oand ckan sea
-5 - = damp S K - - damp SF - - camp
e fi) e () e iy )
o 10 — =], 2 3 10F =), 2 z 10 '.‘13‘2':‘
h) — =04 ol —fv=0.4 = fv=0.4
e -15 £ 15 £ -5
E. ! ¢=2mm i- ? de2rm E ¢=2mm
(%] .l) .l:
€ 20t $ wr €
) 8 g
@ 25 2 .25 g
£ 5 3
5 aolk 30 -
3 30 B 30 =
& 0 — =
5+ 5E S e
40 i i i i i i i L0 i i 1 I I - A L0 - i i i i 4 J
20 25 30 K a0 45 50 55 G0 20 25 30 35 40 45 50 &5 60 20 S 0 35 40 a5 g0 &5 &0
reelence angle [°) nodence anghe 7| nedence ange ()
Q Y Y Y Y Y Y Y 0 Y Y Y Y Y Y 0 Y Y Y Y X
L -band C.band —Chan 63 ) X-bana — AN 653
5k -5 - = dama!d. 1mm) S - = damp(d. 1mm)

« = damolimm)
= = dama/Smm)

« =« damp(imm)
= = gampiimm,

\
i
-h
(=)
T
’
f
y
1
i
-
L=
T
1
i
-t
o
T

{dB
&
/
'I
]
]
{dis
i
raRE/ 4
74

&
d=0. 1mm T c=01mm
- e . ~— E e —d=1mm ':E‘ c=1mm
O w02 T —— o C —g=mm
W) L -'- L —_——— —_— . .
":’ - — cdaan sea — % %
8 dean se :
2 25| = =damp(0.1mmj) . 3-'5‘ = E' E
8 - = damp(1mm) - & -
% A0f - —damp(Smm) 7 &
s 201 00N N &
A5 ——d=tmm
d=Smm
40 A A 1 L 1 L

20 Z5 30 35 40 45 50 55

&
=]
)
=
a
o

y
&
W
n

40 45 50 55 60

rcidencs angle [°) nadence angle (7] neidence angee (7



@ﬂggg Dragon 5 Mid-term Results’f‘il’{ﬁ;]if;o‘fting S @ cSd

Ship backscattering vs incidence angles

Backscattering from offshore wind farms
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Bistatic scattering from oil-covered sea surface

Backscattering under wave breaking conditions



@,ﬂm Bistatic scattering from oil-coveréd sea surface @ ceSa

Bistatic scattering geometry of oil-covered sea surface

The bistatic radar scattering coefficients related to an

Region 0: € oil-covered sea surface are predicted by modeling:
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> The oil damping effect on surface roughness

> The oil modification on the dielectric properties of
the scattering surface

The bistatic scattering is predicted using the AIEM.



@nggc Bistatic scattering from oil-coveréd:sea surface @ CSad

I.-hand C-band X-bhand
. ' r I Multi-frequency bistatic scattering analysis
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- Bistatic scattering is depicted in the form of the unit circle:

» Left semicircle = backscattering
* Right semicircle > forward scattering

» Horizontal axis crossing the origin of the circle > plane
of incidence (¢, = 0° or 180°)

 Vertical axis crossing the origin = cross-plane (¢, = 90°
or 270°);
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Ship backscattering vs incidence angles

Backscattering from offshore wind farms
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@ngcz Backscattering under wave-breaking conditions @ €Sad
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Predicted versus actual VV-pol NRCS
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ST

EO Data DeliVery :

ESA Third Party Missions E ESA, Explorers & Sentinels data E Chinese EO data m

1.RadarSAT-2 10 1.Sentinel-1 500 1.Gaofen-3 500
2.Alos-2 10 2 2.
3.UAVSAR 6 3 3.
4.CSK 400 4 4.
5.CSG 2 5 5.
6.PAZ 4 6 6.
Total: 432 Total: 500 Total: 500

Issues: Issues: Issues:



@«m: European Young scientists contributions in Dragon 5 @ eSa

“T = o

M. Alparone
Monitoring harsh coastal
Universita di Napoli environments using SAR Development of models and methods to
Parthenope multifrequency polarimetric classify intertidal flat areas using full-
scattering polarimetric SAR scenes

G. Inserra
Sentinel-1 IW DP
Universita di Napoli  measurements to extract the Extraction of time series of coastlines over
Parthenope coastline in Terra Nova Bay, the Drygalski ice tongue, Antarctica to

Antarctica evaluate its dynamics




@mg Chinese Young scientists contributiéns in Dragon 5 @ €Sa

“W Poster title Contribution

T. Meng
Simulation of X-band Co- Prediction of the X-band signal
Chinese Academy of polarized backscattering from  backscattered off a slick-free and slick-
Sciences Oil-covered sea surfaces covered sea surface using different

scattering and damping models




Future activities® ¢

e Backscattering from offshore wind farms

e Comparison of microwave backscattering from slick-
covered sea surface predicted using different scattering
and damping models

o Retrieval of oil thickness

e Classification of harsh coastal environments using polSAR
multi-frequency measurements




@nggc Training

1. Zoom meetings monthly

2. Visiting scientists exchanges: we hosted a Chinese PhD student working on
scattering from oil emulsions for 1y




\®werr  Publications

T. Meng K-S Chen. X. Yanz, F. Nunziata, D, Xie and A. Buono
“Simulation and Analvsis of Bistatic Badar Scattering from Oill-Covered Sea Surface,

TEEE Tionsactions on Greoscrence and Remote Sensing, vol, GU, pp. 1-13, 2022
I, Mepe. X, Yane, K.-S, Cher, P, Nunziaca, DL Xoe and A, Buonw.
Eadar Backscatlering Over Sea Surface Oil Emulsions: Siznulation and Observation,”

EEE Trnsactions an Oroacience and Remote Sensing, vel. 60, pp. 1-14, 2022

F. Nunzintn. X. Li. A. NMarino, W, Shao, M. Portabelle, X, Yang ard A. Buono.
Microwave saellie measurements [or coastal area and exorene weallor monitoring,”
MDPI Bemaote Sensing. vol. 13, pp. 3126, 2021,

F. Ferrentino, A Buono, 7. N aca, AL Moo aed Mo Miglueco.

Cnoche vse o0 mti-palasznan saccllte SAR data for consine extrachion in barsh coasial
environments: the case of Solway Firta,

(EEE Journad of Selectea Topics i Applied Laorth Ouservation end femnote Sensing, vol, 14
pp. 216-257, 2021,

I, Nunziata, AL Buano, G Inaerra, A Alparcne, and N Aisliaccio. =On the eale! feeguency
polasimetric scattering of harsk cosstal emvcironments.” Peweedings of IR TGARSS 20022, Kuala
Fumpor, Malaysia, Ja'v 17 - 22, 2022,

G loserra, M Migliaceio, ') Nunziata and A, Buono. *A muti-nolarization avalysis of Terra
Nova Hay polvova, Prossedings o the EUSA R Conjerence, Loinzgis, Gormany, Jaly 25 97, NK22

M., Zahribanbesari. A, Buona, F. Manziara, G, Aalicive and M. Aigliaccio.
“Analvsis of fine-scale dvnamics of the Drvealski ice tonzuae in Antarctica using satellite SAD data”
Taternational Jowrnal of Remole Sensing. vel. AL, no. 7, pn. 12602-2614, 2022,

FoMNunziata, A Buono, A Mubanmad., D, Velotto onc M. Miglinccio, "Aualysis of che eifect of
the ncidence angle on polSAT ship scalterng,” Proveedimgs of ILEL IGARSS 2021, Brussels
Eelgium. Juyv 12 - 16, 202]

W. Shao, Z. Lai, F. Nunziata, A. Buono, X. Jiang and J. Zuo, Wind Field Retrieval
with Rain Correction from Dual-polarized 2 Sentinel-1 SAR Imagery Collected

Durine Trobnical Cvclones MDPI Remote Sensing in print.



\hwscr  Publications under.revision

Under review:

MDPI Remote Sensing

M. Adil, A. Buono, F. Nunziata, E. Ferrentino, D. Velotto and M. Migliaccio, On the effects of the incidence angle on the L-band multi-polarisation scattering of a
small ship, under review

M. Z. Hesari, A. Buono, F. Nunziata, G. Aulicino and M. Migliaccio, Multi-polarisation C-band SAR imagery to estimate recent dynamics of the d’lberville glacier,
under review

IEEE TGR

*G. Inserra, F. Nunziata, A. Buono, G. Aulicino and M. Migliaccio, C-band SAR multi-polarisation scattering signatures of ice-free and ice-infested coastal
polynyas, in print.

IEEE JOE

eA. Buono, G. Inserra, F. Nunziata, M. Migliaccio, F. Parmiggiani and G. Aulicino, Characterization of the Terra Nova Bay polynya using dual-polarimetric C-band
SAR measurements, minor revision



A®ur  Conclusions

The project aims at demonstrating the benefits of radar products for coastal area
monitoring and, therefore, it is framed into the “Ocean & coastal zone” Dragon-5
thematic area.

The co-operation was successful in all the topics

A Chinese PhD student spent a 1y period @ Uniparthenope

Pandemic restrictions that still aply in PR China limited the exchange of students
The activities scheduled for the next year are already ongoing



