
Microwave satellite measurements for coastal area  
and  

extreme weather monitoring 
 

Project ID: 32235 
Xiaofeng Li, Shanghai Ocean University, China;  

Ferdinando Nunziata, Università di Napoli Parthenope, Italy 



The proposed project aims at exploiting microwave satellite 
measurements to generate innovative added-value products  

to observe coastal areas also under extreme weather 
conditions.  
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Subtopic 1: SARCO – SAR based coast observation 
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PolSAR Architectures  
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Subtopic 3: SHENLONG - Sea-surface High-wind ExperimeNts with Long-range 
(satellite) Observations using Numerical Geophysical methods 



Summary EO data exploitation – cumulative stats all subprojects 

ESA & ESA TPM 
DATA 

Nos. scenes 
or inform if 
by FTP 

ERS SAR 

ASAR 

MERIS  

AATSR 

SMOS 

etc. 

TOTAL 

SENTINELS 1, 2 
& 3 DATA Nos. scenes 

Sentinel 1-A/B 
SAR 50 

Sentinel 2-A/B 
MSI 

Sentinel 3-A OLCI 

Sentinel 3-A 
SLSTR 

Sentinel 3-A SLAR 

CSK planned 

TOTAL 

CHINESE EO 
DATA Nos. scenes 

HJ-A/B 

GF-1 

GF-2 

HY-A 

FY-1 

Etc. 

TOTAL 



1) Map of inland changes/deformations --> Monitoring and 
observation of surface deformation phenomena related to 
natural and/or anthropogenic factors. 

2) Map of the coastline and its changes (due to land 
deformation, erosion and relative sea level change) for the 
selected test sites --> Time series of multi-polarization SAR 
data, in situ observations and modeling data. 

3) Generation of coastal risk and vulnerability maps 

• Multipol/Multifreq SAR 
• Optical data 
• Modeling data 
• GPS info 

Subtopic 1: SARCO - SAR-based Coast Observation  



Subtopic 1: SARCO - SAR-based Coast Observation – Coastline extraction  

Physically-based 
approaches to 

improve land-sea 
separation under a 

broad range of 
radar and 

environment 
conditions 











Subtopic 1: SARCO - SAR-based Coast Observation – Integrated coastal water management  

• 12 HV S1 data: Jan-Dec 
2016 

• 1 dataset per month 

Analysis of best sites to 
locate wind farms in 

Denmark 



Subtopic 2: SCoPeSAR - Ship and Coastal Water Pollution Observation with PolSAR 
Architectures 

1) Map of maritime traffic exploiting multi-polarization SAR 
data and Automatic Identification System (AIS). 

2) Map of water pollution exploiting multi-polarization SAR 
and ancillary optical and in situ information. • Multipol/Multifreq SAR 

• Optical data 
• Ancillary ground truth 



Young scientists contributions 

1. Armando Marino (the Open University) and Tao Zhang (Shanghai Jiao Tong 

University).  

• Dr Marino become the external supervisor of  the PhD student Mr. Zhang. 

• The collaboration has lead to the preparation of a journal article to be 

submitted to JSTARS 

2. Armando Marino (the Open University), Domenico Velotto (DLR), Ferdiando 

Nunziata (Parthenope University) and Xiaofeng Li (Shanghai Ocean University). 

• One PhD student from Dr Marino group, may visit Prof. Li group at SHOU.  



Subtopic 2: SCoPeSAR - Ship and Coastal Water Pollution Observation with PolSAR 
Architectures - ship detection using multi-polarization SAR 

Bragg 
Surface 

Double 
bounce 

Odd-
bounce 

Non-
Bragg  

Surface Methods to exploit multi-
polarization SAR data for 

target classification 
purposes 



Subtopic 2: SCoPeSAR - Ship and Coastal Water Pollution Observation with PolSAR 
Architectures – oil platforms detection using multi-polarization SAR 
 

RGB channels normalized     highlight the 
polarimetric content: double reflection, 

correlation and single reflection 

RGB channels scaled individually     
highlight the power: double reflection, 

correlation and single reflection 



Subtopic 2: SCoPeSAR - Ship and Coastal Water Pollution Observation with PolSAR 
Architectures – oil platforms detection using multi-polarization SAR 
 

 A modification of the Polarimetric Notch Filter is introduced which 

performs a Principal Component Analysis on the polarimertric features 

vector used by the PNF.  
  

  

Sentinel-1: HV intensity Optical image Zoom on vessels 



Subtopic 3: SHENLONG: Sea-surface High-wind ExperimeNts with Long-range (satellite) 
Observations using Numerical Geophysical methods 

1) Improving both the physical and the empirical simulation 
accuracy of polarized sea surface backscattering. The new 
models will give better results under high winds and moist 
convection. 

2) State-of-the-art wind verification and objective validation 
tools as well as auxiliary sources, to thoroughly assess the 
SAR wind retrieval quality under such conditions. 

3) Map of location, surface winds, center pressure, rain bands, 
and other parameters of tropical cyclones from multi-
sensors, including multi-polarization SARs, single and multi-
band Scatterometers, and other EO data. 

• Multipol/Multifreq SAR 
• Scatterometer 
• Ancillary ground truth 



Subtopic 3: SHENLONG: Sea-surface High-wind ExperimeNts with Long-range (satellite) 
Observations using Numerical Geophysical methods: SAR/ASCAT joint winds 

+ 
ASCAT 

Sentine
l-1 

We combine the ASCAT wind field with the Sentinel-1 SAR winds. The 
overlapped wind field of the SAR synthesis wind is removed and the joint wind field 
is sparse to 25 km. 

S1 



Subtopic 3: SHENLONG: Sea-surface High-wind ExperimeNts with Long-range (satellite) 
Observations using Numerical Geophysical methods: Sentinel-1 against SMFR 

Sentine
l-1 

Non-saturated wind wave info from SAR is used to obtain wind in TC 



Subtopic 3: SHENLONG: Sea-surface High-wind ExperimeNts with Long-range (satellite) 
Observations using Numerical Geophysical methods: Sentinel-1 against SMFR 

Sentine
l-1 

Left-side of cc Back-side of cc 



Subtopic 3: SHENLONG: Sea-surface High-wind ExperimeNts with Long-range (satellite) 
Observations using Numerical Geophysical methods: Azimuth cut-off & TC 

Good agreement in 
FD state 

Not good in 
extreme cases. 
Why? Work in 
progress 
 



Subtopic 3: SHENLONG: Sea-surface High-wind ExperimeNts with Long-range (satellite) 
Observations using Numerical Geophysical methods: Azimuth cut-off & TC 

Resolution 8 m Resolution 17 m Resolution 33 m Resolution 66 m 

512x512 

1024x1024 

128x128 256x256 

512x512 

64x64 128x128 

256x256 

32x32 64x64 

128x128 

𝝀𝝀𝒄𝒄~𝑭𝑭(𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷 𝒔𝒔𝒔𝒔𝒔𝒔𝒄𝒄𝑷𝑷𝒔𝒔𝒔𝒔,𝑩𝑩𝑩𝑩𝑷𝑷 𝒔𝒔𝑷𝑷𝒔𝒔𝑷𝑷,𝑯𝑯𝑩𝑩𝑯𝑯𝑩𝑩𝒔𝒔𝑷𝑷𝒔𝒔𝑷𝑷𝑷𝑷𝑯𝑯𝑯𝑯) 

256x256 



Joint publications 
Joint publications 
1) A. Marino, D. Velotto, and F. Nunziata,“Offshore platforms observation using 
dual-polarimetric TS-X/TD-X satellite imagery: a case study in the Gulf of Mexico,” 
IEEE Journal of Selected Topics in Applied Earth Observation and Remote Sensing 
(JSTARS). In print.  
2) V. Corcione, F. Nunziata, and M. Migliaccio, “Megi typhoon monitoring by X-band 
synthetic aperture radar measurements,” IEEE Journal of Oceanic Engineering. In 
print.  



Special issue 
http://www.mdpi.com/journal/remotesensing/special_issues/ocean_rs_SAR 

21 submissions 
8 acepted 
3 rejections 
10 under review 



Summary on progress and collaboration 

To strengthen EU-China 
cooperation: 
 
• PhD students will be shared. 
• Visiting EU students to China. 
 



Plans for the next 2 years 
Joint studies: 
• Analysis of backscattering and multi-polarization features in complex 

coastal environments for classification purposes; 
• Analysis of time-series of waterlines extracted over major lakes in Italy; 
• Analysing different estimation techniques for wind retrieval under extreme 

weather conditions; 
• Assessing the extra-benefit of multi-polarization information to observe 

metallic targets ta sea. 
• Observing oil spills and industrial/run-off waters using multi-polarization 

data 
Education: 
• Establishing a 3y PhD program on subjects involving observing high winds 

and its effect of coastal areas (including wetlands) by SAR. 
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