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Understanding  the  problem	
!   The  environmental  impact  of  oil  depends  on:	

Ø  Type  and  quantity  of  oil  spilled	
Ø  Properties  as  a  function  of  time	
Ø Organisms  and  environments  exposed	
Ø Nature  of  the  exposure  	

!   Response  methods  have  a  time  window:	
Ø  Type  and  quantity  of  oil	
Ø  Initial  spill  conditions  	
Ø Weathering  and  emulsion  rates	
Ø  Type  of  environments  that  will  be  affected	

Source:	  	  NOAA	  
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Oil  on  the  sea  surface	
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Cleanup  methods	

Mechanical:    Booms,  skimmers,  vacuums,  etc.	
US	  Navy	  
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Cleanup  methods	
Chemical  dispersants	

In  situ  burning	
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Observational  strategy	

Seattle, Washington

OPEN WATER OIL IDENTIFICATION JOB AID
for aerial observation
With Standardized Oil Slick Appearance and  
Structure Nomenclature and Codes
Version 2, updated July 2012

Limitations:	
	 	 	Must  be  done  during  the  day	
	 	 	 	 	Can  only  be  done  in  good  weather	
	 	 	 	 	 	 	Based  on  skills  and  interpretation  of  the  observer	
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Observing  oil  with  radar	

Deepwater  Horizon  site	

•  UAVSAR  VV  power	
•  Collected  June  2010	
•  Approximately  24  hours  

of  flow  from  the  well	

Oil  on  or  near  the  surface  
=  low  backsca^er  power	

Bimodal  histogram	

Relatively  clean  water	
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How  it  works	

2  ways  for  oil  to  reduce  radar  backsca^er  power:    	
•       Smoothing  surface  roughness  (decreasing  surface  tension)	

•       Reducing  total  sca^ered  power  (only  when  mixed)	

perfectly	  
smooth	  

perfectly	  
rough	  
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Modeling  sea  clu^er	

•  Tilted  Bragg  or  small  perturbation  model	
•  Sca^ering  is  due  to  waves    à    kB  =  2krsinθi	
•  Small  scale  roughness  is  tilted  by  long  wavelength  waves	
•  Oil  only  affects  small  scale  roughness	
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𝛌B	  =	  
𝛌 r	  /	  2

sinθi	  	  

𝜓,	  𝜁	  



!   Reflectivity  is  polarization  dependent  	

!   Roughness  is  polarization  independent  	

Expanded  capability:    PolSAR	
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W = W (hB , `B , , ⇣)



!  Need:    Collect  data  on  oil  properties	

!  Assume:    Binary  oil/water  classification  is  a  
solved  problem	

!  Goal:    Distinguish  mixed  oil  from  thin  films	

!   Connect  radar-‐‑derived  characteristics  with  
standard  optical  classification  systems	

Meeting  a  need	
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!   Step  0:    Mask  relatively  clean  water	

Inferring  oil  properties	
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!   Step  1:    Estimate  surface  slope  (long  wavelength)	

Inferring  oil  properties	
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!   Step  2:    Find  oil  weighting  factor  	

Inferring  oil  properties	
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!   Step  3:    Calculate  roughness  spectrum	

Inferring  oil  properties	

25 30 35 40 45−100

−95

−90

−85

−80

−75

−70

Bragg Wavenumber (rad/m)

Sp
ec

tra
l D

en
si

ty
 (m

4  ra
d−

4  d
B)

 

 

Water 2
Oil 4
Oil 5
Oil 6
Water Best Fit
Oil Best Fit

Minchew,	  Jones,	  &	  Holt;	  TGRS	  2012	  

3/27/13	 Minchew  -‐‑-‐‑  2013  UAVSAR  Workshop	 15	



!   Step  4:    Oil/water  mixing  index	

Inferring  oil  properties	

Minchew,  GRL  2012	

thin  film	fully  mixed	
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Results	

Minchew,  GRL  2012	
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Mixture	 Film	



Results	

Minchew,  GRL  2012	
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! Mdex:  software  suite  
implemented  in  C++  with  
Python  bindings  (Minchew)	

	
!   ‘Hybrid’  parallelization	

Ø  Distributed  memory:    
OpenMPI	

Ø  Shared  memory:    	    
POSIX  threads  	

!   Standard  libraries  	

!   Some  human  interface  	

Implementation  	
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!   Beyond  binary	

! PolSAR    à    oil  properties	

!   Existing  classification  system	

!   Can  be  done  in  near  real-‐‑time  	

Readiness  	
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Questions?	

Thanks:    Cathleen  Jones,  Ben  Holt,  and  the  entire  UAVSAR  team	
	 	 	 	Daniel  Beltá  and  Susan  Newbold	
	 	 	 	 	Mark  Simons	
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