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ABSTRACT

  This  study  is  aimed  at  developing  an 
electromagnetic scattering model to investigate the 
capability  of  Global  Navigation  Satellite  System 
(GNSS)  signal  as  “signal  of  opportunity”  for  sea 
surfactant  monitoring.  According  to  the  proposed 
model both the slick-free and slick-covered bistatic 
Normalized  Radar  Cross  Section  (NRCS)  are 
evaluated, which can be used to simulate the GNSS-
R received signal due to slick-free and slick-covered 
sea surfaces.

INTRODUCTION

  The presence of surfactants over the sea surface 
can be related to both natural  phenomena,  e.g. oil 
seepages  (which  are  related  to  oil  deposits), 
biogenic slicks, and anthropogenic phenomena, e.g. 
accidental and illegal oil discharges [1].
To provide a synoptic and effective sea surfactant 
monitoring,  satellite  microwave  remote  sensing 
techniques, due to their wide-area coverage and all-
weather  day  and  night  capabilities,  are  widely 
employed.  However,  the major  drawback of these 
satellite-based  techniques  is  their  low revisit  time 
which does not meet the time-effective requirements 
of some critical applications such as sea surfactant 
monitoring [2].
Within  this  context,  the  novelty  of  this  study 
consists of  proposing the GNSS for sea surfactant 



monitoring.  The combination of GNSS transmitter 
and a delay-doppler  receiver with a down-looking 
antenna can be regarded as a bistatic radar system 
which can be used for remote sensing of sea surface 
(GNSS-Reflectometry)  [3].  As a matter  of  fact  its 
peculiarities are:

 all-weather  day  and  night  capability 
(microwave L-band system);

 continuous  and  global  monitoring  (several 
operating:  Global  Positioning  System 
(GPS), to some extent, GLObal NAvigation 
Satellite System (GLONASS); and planned 
satellites: the European Satellite Navigation 
System (Galileo));

 source  of  opportunity  (only  a  receiver 
system with a down-looking antenna and a 
small delay-doppler receiver, is needed).

METHODOLOGY

  Dealing  with  navigation  purposes,  the  direct 
signal,  which  is  simply  proportional  to  the  Right 
Hand Circular (RHC) polarized transmitted one, is 
considered.  In  the  GNSS  classical  receiver,  the 
direct  signal  is  basically  cross-correlated  with  a 
locally-generated  replica  for  various  time  delays 
(de-spreading). The maximum correlation indicates 
the time-delay which makes the two codes aligned 
and it is related to the range between the transmitter 
and receiver.
Dealing  with  GNSS-R  purposes,  the  signal  of 
interest is the one scattered off the sea surface. As a 
matter  of  fact,  the  relatively  low  power  and 
remoteness of the GNSS transmitters, together with 
the sea state conditions, make the scattered received 
signal  due  to  an  area  around  a  nominal  specular 
point  on  the  mean  sea  surface  (the  so-called 
glistening zone, see Fig.1) [4]. 
The quasi-specular reflections, due to the long-scale 
sea  surface  waves,  are  the  main  scattering 
mechanism for the near-specular-point area. On the 
boundary of the glistening zone, the power scattered 
toward  the  receiver  decreases  and  the  Bragg 
resonant  scattering  from  small-scale  surface 
components  starts  playing  a  role.  As  a  matter  of 
fact,  the  cross-correlation  between  the  signal 
scattered  off  the  sea  surface  and  the  locally-
generated replica would be a complicated function 
of  the  time-delay  experienced  by  the  scattered 
signal,  the  doppler-delay  related  both  to  the 
transmitter/receiver motions and to the long waves 
orbital motions, the glistening zone, and the antenna 
footprint. 
The glistening zone, which can be considered as the 
area  formed  by  the  local  reflection  points  whose 

received  power  is  above  the  noise  floor  over  the 
duration of the cross-correlation process, is closely 
related  to  the  sea  surface  roughness  and  to  the 
viewing geometry, see Fig.1 [5].

Fig. 1 GNSS-R geometry

  Following this rationale and considering that the 
presence  of  a  surfactant  over  the  sea  surface  has 
been  shown  to  affect  both  the  small-scale  sea 
surface, by reducing the short-wave spectral energy, 
and  the  long-scale  one,  by  modifying  the  slope 
probability density function (pdf) [6], in this study, 
the  capability  of  GNSS-R  for  observing  sea 
surfactant  will  be  investigated  by  developing  a 
proper bistatic electromagnetic scattering model.
Accordingly,  the first fundamental step consists of 
developing  an  electromagnetic  model  for 
understanding  the  bistatic  slick-free  and  slick-
covered sea surface GNSS scattering. As a matter of 
fact,  in  this  study,  an  electromagnetic  model  to 
evaluate  the  slick-free  and  slick-covered 
Normalized  Radar  Cross  Section  (NRCS),  is 
developed. The signal scattered off the slick-free sea 
surface is evaluated by using the bistatic two-scale 
Boundary Perturbation Model (BPM) which, being 
a two-scale model, allows tacking into account also 
off-specular  scattering  mechanisms  and,  therefore, 
polarization effects [6]. 
According to BPM, the scattered NRCS is given by 
the sum of a zero order and a first order term [6]:

σ rt
o

=σ rt0
o

+σ rt1
o

 (1)

where, the zero order term is given by the Physic 
Optic (PO) solution and takes mainly into account 
the scattering due to the long wave structure. The 
first order term, which can be meant as an average 
of the Small Perturbation Model (SPM) result over 
the  large  scale  slope,  takes  into  account  the 
scattering due the ripples along the long waves [6]. 



The sea surface is described by using the Université 
catholique de Louvain (UCL) sea surface spectrum, 
S,  which  is  a  three-parameters  function  able  to 
describe  both  fully  and  non-fully  developed  sea 
state conditions, which is completely specified once 
the friction velocity  u*,  the fetch  x,  the significant 
slope  s,and the peak wavenumber  Ko, are provided 
[7].

To  evaluate  the  signal  scattered  off  the  slick-
covered sea surface a damping model which, taking 
into  account  both  the  surfactant  rheological 
parameters and the wind speed, is able to describe 
the  effects  of  a  sea  surfactant  on  the  whole  sea 
surface  spectrum  and  on  the  slope  probability 
density  function  (pdf),  has  been  developed. 
According to the above described model the slick-
covered sea surface spectrum,  Sc(·), is obtained by 
the slick-free one by evaluating it at a lower friction 
velocity  (u*c) and  then  reducing  it  by  using  the 
Marangoni  damping  viscous  coefficient,  C, which 
depends on the rheological slick parameters [6]:

Sc  K,x,s,Ko ,u✵ c ,∣E∣,℘ =
S K,x,s,K o ,u✵ 
C  K,∣E∣,℘

   

. (2)

It must be noted that under fully developed sea state 
conditions, the presence of a surface slick affects the 
whole  wavenumber  spectrum,  since  the  wind 
dependence of both the peak wavenumber and the 
significant slope. The surface slick, reducing the sea 
surface spectrum intensity and the friction velocity, 
affects  also  the  slope  pdf  by modifying  the  slope 
variances and the skewness coefficients.

Fig. 2 Processing chain

Once the model to evaluate the slick-free and slick-
covered  NRCS  has  been  implemented,  a  more 
complex block scheme, which allows evaluating the 
delay-doppler slick-free and slick-covered GNSS-R 
signal  can  be  implemented  according  to  the 

guidelines witnessed in Fig.2.

According  to  the  processing  chain  described  in 
Fig.2,  a  delay-doppler  signal  simulator  can  be 
implemented  which,  by  using  the  previously 
described scattering model,  is able to simulate the 
GNSS-R received  signal  in  case  of  slick-free  and 
slick-covered  sea  surface  and  for  different 
rheological  slick  parameters  and  viewing 
geometries. An extra output of this processing chain 
is the wind speed, which can be used, beyond the 
purposes of this study, for wind retrieval purposes.
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