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Sub-projects and themes: 

Id. 32281_1  
Derivation of ocean dynamics parameters from spaceborne SAR 
 - - SAR – sea surface wave, wind, current retrieval and internal wave 
dynamics 
 
Id. 32281_2  
Marine pollution detection and tracing based on satellite observation and 
modeling 



Summary EO data exploitation – cumulative stats all subprojects 

ESA & ESA TPM 
DATA 

Nos. scenes 
or inform if 
by FTP 

ERS SAR ~138 

ASAR ~125 

MERIS  

AATSR 

SMOS 

TPM >100 scenes 

TOTAL 

SENTINELS 1, 2 
& 3 DATA Nos. scenes 

Sentinel 1-A/B 
SAR > 1000 

Sentinel 2-A/B 
MSI 

Sentinel 3-A OLCI 24 

Sentinel 3-A 
SLSTR 

Sentinel 3-A SLAR 

Etc. 

TOTAL 

CHINESE EO 
DATA Nos. scenes 

HJ-A/B 

GF-1 65 

GF-2 

HY-2 
Scatterometer 2010 - 2015 

FY-1 

Etc. 

TOTAL 



Results summary id. 32281_1 
• Development and validation of an ocean wave retrieval algorithm for Sentinel-1 

data; 

• Improved Polarization Ratio Model for X-band SAR (TerraSAR-X)  SSW retrieval;  

• Improved Cross Polarization Model for Radarsat-2 SSW retrieval; 

• Tidal current retrieval from the TerraSAR-X pursuit monostatic mode data; 

• Preliminary test of GF-3 data for oceanography study; 

• Study of internal wave dynamics in Dongsha Atoll based on SAR observation and 
numerical model simulation; 

• Val/Cal of the Chinese HY-2 Scatterometer wind data in the global oceans 
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Sea State Processor for SENTINEL-1 and TerraSAR-X 
Sea State Processor 

NRT chain, Ground Station Neustrelitz  

artefact pre-filtering 
 
 
 
 
 
 
 
 
 
 
 

Sea State Functions 
TerraSAR-X 
Sentinel-1 
 
- Spectral parameters 
- Local wind  
- GLCM parameters 



Tracking a storm in the  Black Sea 



Improved Polarization Ratio Model for X-band SAR (TerraSAR-X) SSW 
retrieval 



Hurricane surface wind speed retrieved by C-3PO 
model for the 5 SAR images for:  
a) Hurricane Gustav (11:28 UTC, 30 August 2008), 
b) Hurricane Earl (22:59 UTC, 2 September 2010) 
c) Hurricane Arthur (11:14 UTC, 3 July 2014),  
d) Hurricane Ana (23:24 UTC, 9 May 2015),  
e) Hurricane Joaquin (10:45 UTC, 3 October 

2015).  

• C-3PO 
C-band Cross-Polarization Coupled-Parameters 
Ocean (C-3PO) model: 𝝈𝝈𝟎𝟎 = 𝑨𝑨 𝑼𝑼𝟏𝟏𝟎𝟎 ∙ 𝟏𝟏 + 𝒃𝒃𝟏𝟏 𝜽𝜽  
𝑏𝑏1 𝜃𝜃 = 𝑛𝑛𝑏𝑏 ∗

𝜃𝜃 − 𝜃𝜃𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚

𝜃𝜃𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚
 

linear:    𝐴𝐴 𝑈𝑈10 = 𝑝𝑝1 ∙ 𝑈𝑈10 + 𝑝𝑝0 
quadratic: 𝐴𝐴 𝑈𝑈10 = 𝑝𝑝2 ∙ 𝑈𝑈102 + 𝑝𝑝1 ∙ 𝑈𝑈10 + 𝑝𝑝0 

Improved Cross Polarization Model for 
Radarsat-2 SSW retrieval 



TDX CSK 

Tidal current retrieval from the TerraSAR-
X pursuit monostatic mode data 



Study of internal wave dynamics in Dongsha 
Atoll ---SAR observation  



TSX 2014.10.28 22:14 UTC 

TSX 2014.10.29 10:16 UTC 

Numerical simulation of IW 
refraction and reconnection 
in DSA 

TSX observation 



Study of internal wave dynamics in Dongsha 
Atoll ---numerical model simulation 
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Preliminary test of the GF-3 for oceanography 
study 

Retrieved SSW:3.2 m/s      
in-situ measurement at FINO1：7.0 m/s 
25.8 deg. incidence angle 

FINO1 

2017/2/19 

GF-3 wave mode data:Dec.2016 – Jan.2017 
Quad-Pol. 37.4 incidence angle 
@Nov.15, 2016 



Estimation of ice drift from TSX and GF3 

Greenland 

Svalbard 
Ascending: GF3, Quad-pol., @June 17, 2017,15:52UTC 

Descending: TSX, Dual-pol., @June 17, 2017,7:36UTC 



Results summary id. 32281_2 
• Development and validation of pre-operational offshore platform pollution 

monitoring system based on SAR imagery; 
• Seasonal trends of detected potential spill in North Sea are in agreement 

with previous literature; 
• Both SAR consecutive observations and numerical simulation were 

conducted to understand oil spill dynamics (drift) in the north sea platforms; 
• Developed a pre-operational SAR-oil spill automatic monitoring system; 
• Developed a novel model for macroalgae biomass (i.e. wet weight per unit 

area) estimation based on optical remote sensing data.  
• Developed a simple but effective method of normalization of SAR image with 

large swath for “dark area” (oil spill) detection. 
 



S1B_IW_GRDH_1SDV_20170624T041531_20170624T041556_006187_00ADED_0993 

Wide Swath SAR Normalization 



TerraSAR-X/TanDEM-X Oil spill detection 

North Sea monitoring of platform’s pollution – 
medium resolution SAR images > 100 scenes 

2013 - Statistics 



Detection of potential oil spill from fixed 
platforms   

SAR tracking and model drift simulation 



Pre-operational system for oil spill automatic 
monitoring 

Detection rate             81.2 % 
False alarm rate          5.0   % 
False discovery rate   19.5 % 
Recognition rate         92.3 % 
 
Data set: 23768 targets 



Monitoring of Ulva prolifera (macroalgae) 

An unique model was established to link the U. prolifera biomass (wet weight) per 
unit area to the reflectance-based floating algae index (FAI) derived from optical 
remote sensing data. 

MODIS on 25 June 2008 on 21 June 2015 



Young scientists contributions 
European YS 
Dr. Domenico Velotto: Contribution to the image processing and calibration of 
the oil spill detector. Support and evaluation of the model tracking results.  
 
Chinese YS 
Ms. Tong Jia: Contribution to study of IW dynamics in the Dongsha Atoll based 
on spaceborne SAR observation and numerical modelling. 
Ms. Minwei Zheng: Contribution to Cal/Val of the Chinese HY-2 Scatterometer 
wind measurements   



Academic exchanges & Cooperation 
The Chinese RADI team and the German DLR team submitted a joint proposal 
“Polar Earth Observation for Arctic ice - ocean dynamics” under the 
framework of collaboration between NSFC and DGF. 



Joint publications 
• Li, X. –M., Jia, T. and Velotto,D. (2016), Spatial and temporal variations of oil spills in the North Sea 

observed by the satellite constellation of TerraSAR-X and TanDEM-X，IEEE Journal of Selected Topics 
in Applied Earth Observations and Remote Sensing，9(11), pp.4941~4947 

• Jia,T., Velotto, D., Li, X. –M. (2016), Study on oil spills in the North Sea forties field observed in 
TerraSAR-X and TanDEM-X imagery，Geoscience and Remote Sensing Symposium (IGARSS), 2016 
IEEE International，Beijing,China 

• Shao, W.Z.; Zhang, Z.; Li, X.M.; Wang, W.L. (2016), Sea surface wind speed retrieval from 
TerraSAR-X HH-polarization data using an improved polarization ratio model. IEEE J. Sel. Topics Appl. 
Earth Observ. Remote Sens. 9, 4991–4997. 

• Ren,Y. Li,X-M. Gao,G. and Busch, Th. (2017), Derivation of Sea Surface Tidal Current From 
Spaceborne SAR Constellation Data, IEEE Transactions on Geoscience and Remote Sensing, 6(3), 
pp. 1757~1768. 

• Hu, L., Hu, C., & He, M. (2017). Remote estimation of biomass of Ulva prolifera macroalgae in the 
Yellow Sea. Remote Sensing of Environment, 192, 217-227 

• Topouzelis, K., Singha, S., Kitsiou, D., 2016. Incidence angle normalization of Wide Swath SAR data 
for oceanographic applications. Open Geosci. 8. doi:10.1515/geo-2016-0029 
 
 
 
 
 
 
 



Summary on progress and collaboration 
• The team has made great progress on deriving marine-meteo 

parameters from ESA’s and the TPM data, including Sentinel-1, 
TerraSAR-X, GF-3 and Radarsat-2. Some have been implemented in NRT 
service. 

• Besides algorithm development, the SAR data have been used for 
offshore wind farm monitoring, dynamics of internal wave in the SCS.   

• Developing various methods, models and software to detect and track 
marine pollution from space;  

• The European and Chinese teams are working closely under the 
framework of this project. Based on this, we have submitted a joint 
proposal to NSFC and DFG, as well as a Sino-Greece collaboration 
proposal is under preparation.  



Plans for the next 2 years 

(1)Focusing on SAR marine-meteo parameters retrieval and observation of 
ocean dynamic processes in multiple scale; 

(2)Conducting multiple SAR observation experiments on ocean monitoring. 
The ESA’s and the TPM SAR, as well as the Chinese GF-3 data will be 
included for such joint experiments; 

(3)Possible academic exchange of postgraduates and young scientists;  

(4)Promoting joint publications; 

(5)Organizing a medium-size workshop on ice-ocean dynamics to be funded 
by the Sino-German science center.  
 



Example for large-scale phenomena:    
Sentinel-1 IW of the German Bight Oct 27, 2016 



Thank you for your attention 
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