
VALIDATION OF THE MERIS ATMOSPHERIC CORRECTION 
OVER OCEAN USING AERONET

O uahid  A znay í1'3), R ich ard  S a n te K 1-4), and  F ra n c is  ZagolskK 1-2)
® ADRINORD, Association pour le Développement de la Recherche e t  de l'Innovation dans le bassin du 

Nord-Pas-de-Calais, 2 rue des Cannoniers, F59000, Lille -  FRANCE.
E-mail: Santer.Richard@ yahoo.fr 

®  PARBLEU Technologies Inc ., 79  Veilleux s t r e e t ,  S t  Jean-sur-Richelieu (QC), J3 B -3 W 7 - CANADA.
E-mail: Francis_Zagolski@yahoo.ca 

® C-S Systèm es d'inform ation, Z  AC de la Grande Plaine, F31506,Tou louse- FRANCE.
E-mail: Ouahid.Aznay@c-s.fr 

(4) Université du Littoral Côte d'Opale,MREN, 32 Avenue Foch, F62930, W imereux - FRANCE.
E-mail: Santer@ univ-littoral.fr

U N IVER5IT 
DU LITTORA

C O M P A R IS O N  O N  TH E A T M O S P H E R IC  REFLECTANCE

IN T R O D U C T IO N
Validating th e  atm ospheric correction mainly over coastal w ater areas requests an 'atmospheric' 
approach. Both th e  atm osphere and th e  w a te r body p resen t very complex and variable optical 
properties. By looking a t  w ater surfaces in a  cloud-free scene acquired with an optical sensor such 
as MERIS, we observe more likely th e  p a tte rn  o f th e  ocean colour ra th e r  than  th e  spatial 
variability o f th e  aerosols. T herefore, why not to  use th e  atm ospheric optical m easurem ents ra th e r 
than  th e  marine optics?
I t  is clear th a t  th e  atm ospheric correction cannot be validated only with through in-situ measure­
m ents o f th e  aerosol optical thicknesses (AOTs). Validation of th e  atm ospheric correction passes 
also by a  well estim ate o f th e  atm ospheric sca tte ring  components. The d iffuse atmospheric 
transm ittance can be d irec tly  provided by th e  sky radiance measurements. The aerosol reflec tance 
a t  top o f th e  atm osphere (TOA) can be estim ated  with th e  acquisition o f th e  sky radiance a t  th e  
same sca tte ring  angle as fo r  th e  sensor/view geom etry, in order to  well p redict th e  primary 
sca ttering . The introduction o f th e  multiple sca tte ring  requires more, with th e  aerosol phase 
function (APF) and th e  AOT. The full protocol o f th e  validation scheme fo r th e  atmospheric 
correc tion  over ocean is described  h e rea fte r.
Both in-situ m easurem ents and MERIS I eve I-2 d a ta  e x tra c te d  from MERMAID over th e  A AOT site  
(Aequa Alta Oceanographic Tower, Venice -  Ita ly ) is employed to  illustrate th e  methodology in a 
d ire c t comparison betw een marine re flec tances  derived from th e  MERIS ESA Ground-Segment 
(MEGS) processor and ex tra c te d  with an atm ospheric correction based on th e  characterization  of 
th e  inherent optical p roperties (IOPs) o f th e  aerosols a t  th e  time o f MERIS overpass.

TH E STA N D A R D  APPROACH
The MERMAID database focuses on th e  retrieval o f th e  w ater reflec tance. N evertheless, th e  
spatio-tem poral variability o f th e  w ater colour in coastal areas makes d ifficu lt th is approach. 
Complementary to  th is, th e  retrieval o f th e  AOT is an indicator o f th e  potential perform ance of 
th e  atm ospheric correction. In  MERMAID, th e  comparison was initially brought on th e  AOT in th e  
near-infrared  (NTR) region. More recently , MERMAID included th e  visible p a rt o f th e  spectrum. 
The comparison on th e  AOT a t  779  and 870 nm stresse s , f i r s t  an im portant bias, and second a  large 
dispersion (Figure-1). The la t te r  re su lts  from th e  large dispersion observed in th e  APF (Pa) as 
rep o rted  in [ .

Fie. 1: AO Ts a t 870 and  779 nm  collected over AAOT. Comparison between in-situ and  MERIS.

The AOT a t  550  nm is e x tra c te d  from th e  
MERIS L2 product. AERONET provides th e  
AOT a t  440  and 675  nm from which we interpo­
late  a t  5 50  nm.

The SO aerosol re flec tances  values are computed using as inputs th e  AERONET AOTs and aerosol 
phase functions a t  440, 675  and 870 nm. We can d irec tly  compared them  with th e  MERIS ones in B2, 
B7  and B13. Results displayed in Figure-2 s tre s s  th a t  th e  MERIS aerosol reflec tances in B13 can be 
re trieved  b u t with a  large dispersion associated with th e  natural large dispersion o f th e  aerosol, as it 
was noticed in [1]. Obviosuly, th e  same dispersion also also appears in MERIS B2 bu t MERIS seems to  
overestim ate th e  aerosol re flec ta n ce  a t  TOA.

A t AAOT, we are  mainly in th e  case-2 w aters fo r which th e  b right pixel atm ospheric correction 
(BPAC) is applied befo re  to  proceed by th e  analysis o f th e  atm ospheric reflec tance. A bad retrieval of 
th e  w ater re flec tance  in th e  NIR region clearly impacts on th e  aerosol model retrieval.
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In  term s of atm ospheric correction, th e  
key issue is to  be able to  p red ic t th e  aero­
sol reflec tance  in th e  visible p a rt o f th e  
spectrum  from its  NIR determination. The 
spectral dependence in Log-Log o f th e  
aerosol re flec tance  is described by th e  e 
coefficient.

Clearly, MEGS overestim ates th e  evalua­
tion o f th e  aerosol re flec tance  in th e  blue 
region. I t  was reported  as well in [1] based 
on th e  aerosol IO Ps and on th e  single sca t­
tering  approximation.

C O M P A R IS O N  O N  TH E A T M O S P H E R IC  T R A N SM IT T A N C E

The atmospheric transm ittance in th e  visible domain is mostly a ttr ib u te d  to  th e  Rayleigh scattering. 
W e isolated th e  aerosol transm ittance from our comparison betw een th e  MERIS and SO estim ates 
based on th e  AERONET measurements.

I t  clearly appear th a t  our prediction o f th e  attenuation  by th e  aerosols is by fa r  stronger than  what 
MERIS predicts.

The AOT describes th e  extinction which gives 
th e  attenuation o f th e  light propagation in th e  
atm osphere on th e  d ire c t to  d ire c t path. The 
atm ospheric correction involves th e  sca ttering  
functions which are  not measured. Consequently 
we use th e  sky radiance measurements.

A N E W  APPROACH FO R  V A L ID A T IO N C O M P A R IS O N  O N  TH E W A TER REFLECTANCE

The 5 S  formalism is used to  perform  th e  
atm ospheric correction. The MERIS input is th e  
MERMAID TOA re flec tance a f te r  correction 
fo r  th e  Sun glint and fo r  th e  gaseous 
absorption. The atmosphericfuntions are compu­
te d  as described  above.

The comparison in MERIS B5 suggests th a t  
MEGS slightly over-corrects.

C O N C L U S IO N

We proposed h ere  a  new approach to  validate th e  atm ospheric correction over w ater. This m ethod is 
firs tly  based on th e  experimental determ ination o f th e  aerosol IO Ps thank  to  AERONET. Secondly, we 
use th e  SO radiative tra n s fe r  code to  p red ic t a t  th e  time o f MERIS overpass all th e  atm ospheric 
functions required in th e  MEGS atm ospheric correction procedure.

This protocol is applied here to  th e  validation bu t it  can be used as well fo r  th e  vicarious calibration. 

The resu lts  reported  here , are more an illustration o f th e  methodology than  a  quality assessm ent on 
th e  MERIS atmospheric correction. This protocol should be validated and ex tended  to  th e  o ther 
AERONET Ocean Colour stations in o rd e r to  make a  significative analysis which separates th e  type of 
aerosols and th e  ranges o f th e  sca tte ring  angle.

As indicated in a  companion poster, we have in mind to  t e s t  th e  new aerosol models, and th is  approach 
o f th e  validation can be used to  evaluate th e  perform ances o f th e  atm ospheric correction.

R e fe re n c e s

W e do not validate here , n e ither th e  gaseous correction and nor th e  Sun glint correction. 
T h erefo re , we use th e  TOA re flec ta n ce  a f te r  gas and glint correc tion  as provided in MERMAID.

patm and pw a re  respectively, th e  re flec tance o f w a te r ta rg e t  a t  TOA, th e  intrinsic atmospheric 
re flec tance  and th e  in-situ w ater re flec tance , and 7(0,,), th e  to ta l (d irec t + d iffuse) downward 
atm ospheric transm ittance corresponding to  th e  ra tio  o f th e  BOA to  TOA irradiances fo r  th e  solar 
zenith  angle (0y) measured over a  dark  w ater body including th e  Fresnel reflection. 7(0„), th e  to tal 
upward atm ospheric transm ittance, re p rese n ts  (following th e  principle o f reciprocity) th e  ra tio  of 
th e  BOA to  TOA irradiances fo r th e  view zenith  angle (0„) measured over a  dark  w ater body 
ignoring th e  Fresne! r e f  lection.

AERONET provides a t  440  nm (B2), 675  nm (B7) and 870 nm (B13) th e  AOT and Pa The barom etric 
pressure and th e  wind-speed are  auxiliary d a ta  fo r  MERIS. Using th ese  inputs, th e  successive order 
o f sca tte ring  (SO) code is used, f i r s t  to  compute pofmar\dT(6s), and second to  calculate 7(0„) in th e  
3 re fe ren ce  bands. These runs are  also completed fo r  th e  pure Rayleigh case with pR , TR(0S) and 
TR(dv). Combining th ese  2 s e ts  o f computations, we g e t paer ,Taef d ^  and Toef ß ^  in th e  3 CIMEL 
bands. A spectral interpolation in Log-Log is then  achieved to  g e t paer , Toef ß ^  and Taef d ^  in all th e  
MERIS bands.

In  addition, th e  d ire c t Sun glint component is also computed with th e  attenuation  on th e  d irec t to  
d ire c t path , as provided by th e  CIMEL extinction measurements.

MERMAID also provides in all th e se  MERIS bands pR, paer, 7(0,,) and 7(0„ ) fo r th e  comparison.

Moreover, by using th e  5 ^ ^o rm alisn ^n c^h ^C IM E L  atm ospheric functions, th e  w ater reflec tance 
can be also p red ic ted  as I t  will be compared to  th e  MERIS one.

Upper le f t . The AERONET aerosol IO P  and 
th e  barom etric pressure and wind-speed are 
used to  compute th e  atm ospheric functions in 
th e  3 re fe ren ce  spectral bands.

Lower le f t . The SO derived aerosol optical 
properties (AOPs) are  interpolated a t  th e  
MERIS nominal wavelengths. Then, by using 
th e  5 S  formalism, th e  w ater re flec tance is 
computed and compared both with th e  MERIS 
L2 product and th e  in-situ d a ta  reported  in 
MERMAID.

Upper right. The MERIS derived AOPs are 
used to  compute paer fo r  comparison with th e  
SO p redic ted  value.
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