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i  I N T R O D U C T I O N
The use of near-coastal (less th an  15 km  from  the shore) sa tel
lite ocean colour d a ta  is lim ited  by  difficulties w ith: adjacency 
effects [1], a tm ospheric  correction [2] an d  in -w ater optical 
com plexity  [3]. A large effort in  the scientific com m unity  has 
been  ded ica ted  to  the developm ent of atm ospheric  correction 
m odels [4]—[7] an d  algorithm s for separating  the signal from  
optically  active com ponents in  coastal w aters [8]—[11]. C om 
paratively, less effort has been  ded ica ted  to  the investigation  
of the adjacency effect [12], w h ich  is critical in  near-coastal im 
agery. C onceptually, the adjacency effect is du e  to  the presence 
of a scattering  atm osphere over a reflecting surface th a t is non- 
uniform . This causes the rad iance from  h igh  reflectivity areas 
to  "sp ill"  over the ne ighbouring  low  reflectivity areas, increas
ing  the ir ap p a ren t b righ tness an d  m odify ing  observed  spec
tral p roperties. W ith the increased cu rren t an d  p lan n ed  use of 
satellites for w ater quality  assessm ent an d  a p ro found  in ter
est in  b iogeochem ical processes an d  w ate r quality  in  the near
shore environm ent, there is a need  to refine rem otely  sensed 
p ro d u c t quality  in  the near-coastal area, an d  therefore to b e t
ter u n d e rs ta n d  the adjacency effect.

In order to  im prove our know ledge of coastal adjacency ef
fects, in -situ  rem ote sensing reflectance (Rrs) d a ta  w o u ld  id e
ally  be gathered  from  transects perp en d icu la r to  the coastline. 
In add ition , to  be able to  test adjacency effect algorithm s, the 
in -situ  d a ta  w o u ld  have to  be m atched  w ith  concurren t sa tel
lite imagery. U nfortunately, such d a ta  collection im plies u n 
certain  p lann ing  an d  exam ples in  the literature are scarce. Rrs 
spectra  w ere m easured  over very  tu rb id  w aters off the Belgian 
coast [13]. A lternatively, a m odelling  app roach  has been  p ro 
posed  in  the absence of in -situ  d a ta  of those characteristics.

This approach  used  a 3D backw ard  M onte C arlo code an d  Fi
nite E lem ents M ethod  plane-parallel rad ia tive  transfer codes 
to  sim ulate adjacency effects near the coast [14]. H av ing  to  re
sort to  a m odelled  datase t h igh ligh ts the need  for a datase t 
collected specifically w ith  the pu rp o se  of testing  adjacency ef
fect correction schem es.

The p resen t w ork  reports  on in-situ  un-superv ised  Rrs m ea
su rem ents from  above w ate r hyperspectra l radiom eters. U n
certain ty  in  above-w ater rad iom etry  arises from: in strum en t 
calibration  an d  perform ance, correction for air-sea interface 
reflection an d  optical changes of the w ate r rela ted  to the 
m easurem ent p la tfo rm  (like ship p ertu rb a tio n  of the light 
field) [15, 16]. In th is w ork  w e specifically quantify  the d is
crepancies arising  from  the air-sea interface reflection correc
tion  parts  an d  the influences on derived  Rrs. We do so by  p ro 
cessing the sam e d a ta  w ith  tw o m ethods: the similarity spec
tra [17] an d  the fingerprint approach [18]. P relim inary  resu lts on 
the com parison  of in -situ  Rrs d a ta  w ith  ocean colour im ages 
u sing  s tan d ard  processing algorithm s are also presen ted . The 
concurren t in-situ  an d  satellite observations w ill be useful to 
the scientific com m unity  developing  corrections of the ad ja
cency effect in  cu rren t an d  upcom ing  sensors.

2 M E T H O D S
We designed  a sam pling  strategy  to  collect su itable datasets 
for testing  algorithm s in  coastal w aters off P lym ou th  (UK). 
These are land  influenced an d  yellow  substance dom inated  
w aters, w hile  relatively clear of particles (chlorophyll con-

R e ce ived  M a y  10, 2013; re s u b m itte d  A u g u s t 02, 2013; p u b lis h e d  S e p te m b e r 03, 2013 ISSN 1990-2573

http://www.jeos.org
mailto:vmv@pml.ac.uk
http://dx.d0i.0rg/i0.297i/je0s.20i3.i3060


J. E urop . O pt. Soc. Rap. P u b lic . 8, 1 3 0 6 0 (2 0 1 3 ) V. M a rt ln e z -V lc e n te , e t al.

FIG. 1 S a te llite  Im ages fro m  s-Sep-2012: a ) MODIS-A Rr s ( 5 5 5  n m ) a t 12:26 (500  m re s o lu t io n ) ,  b) VIIRS Rrs( 5 5 i )  a t 12:45 (740  m ). Inse ts  o f th e  P ly m o u th  co as ta l a re a  h ig h lig h t th e  

s a m p lin g  tra n s e c t.

centration  (Chl-a) a ro u n d  1.5 m g-m ~3, su sp en d ed  particu la te  
m atte r (SPM) 1 g-m ~3) [19, 20]. W eekly m on ito ring  of a long 
te rm  tim e series s ta tion  (L4) an d  the w ider scientific activ
ities w ith in  the W estern C hannel O bservatory  (h ttp ://w w w . 
westernchannelobservatory.org.uk/) offer m ultip le  possibilities 
for opportun istic  sam pling  of a transect perpend icu la r to  the 
coast.

In-situ  sam pling  took place on the RV Plymouth Quest (5th-  
7th Sept. 2012), d u rin g  a quasi-perpend icu lar transect to the 
coast off P lym outh , w hile  the vessel carried  ou t other rou tine 
tasks. O nly  d a ta  from  the 5th Septem ber betw een  09:22 a.m. 
an d  11:30 a.m . GMT w ere co-incident w ith  clear satellite im 
agery  (Figure 1). U n-superv ised  sam pling  of above w ate r ra 
diom etric quantities w as perfo rm ed  using  a hyperspectral 
H yperSA S system  (Satlantic Inc. H alifax, C anada), com posed 
of th ree sensors sim ultaneously  m easu ring  dow nw elling  irra 
d iance (Ed), sky rad iance (Ls) an d  w ater leaving rad iance (Lt). 
This system  also inc luded  a Satlantic tilt, h ead ing  an d  roll sen
sor (THR) an d  GPS. The three optical sensors w ere m oun ted  
on a pole on the bow  of the vessel at 5 m  above the w ate r su r
face. Lt w as m easured  po in ting  to the w ate r surface w ith  an 
angle of ~ 40°from  n ad ir (i.e. v iew ing  zen ith  angle, 0V) an d  the 
crew  w as instruc ted  to  m easure aw ay from  the su n  (view ing 
az im u th  angle, ([>v) w ith  an  angle ^135° [21], w henever possi
ble d u rin g  o ther rou tine operations. The sensors collected data  
sem i-continuously  w ith  3.3 nm  spectral reso lu tion  betw een  
350 an d  800 nm , w ith  a scanning  frequency betw een  4 and  
0.5 H z, d ep en d in g  on the sensor optics. The optical d a ta  w ere 
converted  to physical un its  an d  processed  to  Level3a u sing  the 
m anufactu rers softw are (Prosoft v7.7.16) w hich  m erged  the 
d a ta  to  1 H z. The calibration of the optical in strum ents had  
been  done by  the m anufactu rer p rev ious to  the dep loym ent 
(April 2012). The optical sensors have a nom inal calibration 
uncerta in ty  of 3% (Satlantic Inc., personal com m unication).

We used  w in d  speed  an d  an  index  of the cloud  coverage 
changes (i.e. 7iLs(400)/Ecj(400)) to  characterise m easurem ent 
conditions.

2. 1 D a t a  p r o c e s s i n g

We used  tw o different approaches to  com pute the air-sea in 
terface reflection (psky) an d  to  correct for sun-g lin t con tam ina
tion. The first app roach  (i.e. similarity spectra) [17] expresses 
P sky  as a function  of w in d  speed , derived  from  H ydro ligh t 
com putations [21]. This includes a sw itch  to  an  overcast sky 
m odel w h en  Ls(750)/Ecj(750) >  0.05, w h en  p^y  is assigned 
a constan t value  of 0.0256. This approach  is also u sed  to  cal
culate the rem ote sensing reflectance (Rrs), based  on the ob
serva tion  th a t Rrs in  the N IR  has a  constan t shape in  m o d 
erately  tu rb id  to  tu rb id  w aters. The m ethod  w as originally  
developed  using  m odel RAMSES sensors from  TriOS O ptical 
System s (Rastede, G erm any). We app lied  the m ethod  to the 
Satlantic H yperSA S instrum ent. A m ajor difference betw een  
the tw o  in strum en ts w as the ir spectral range: 320 to  950 nm  
for the TriOS an d  350 to  800 for HyperSAS. This difference 
caused  our choice of reference w aveleng ths for the similarity 
spectra to  be Aj =  720 nm  an d  À2 =  780 nm , as opposed  to 779 
an d  865 nm  from  the orig inal publication  [17].

The second app roach  u sed  in  th is w ork  w as developed  for un- 
superv ised  sam pling  on ferries in  the Baltic Sea [18] (i.e. f in 
gerprint approach). This spectral op tim ization  m ethod  retrieves 
Psky  by m in im izing  the p ropaga tion  of atm ospheric  abso rp 
tion  features to  Rrs. The m odel p rov ided  flags for values of 
Psky  t ° °  l° w  (low er th an  0.0240), too h igh  (w hen psky yields 
Rrs =  0 in  any  w aveband  betw een  375 an d  800 nm ) or suspect 
(w hen Psky y ie lds negative Rrs in  the sam e spectral range).

2 . 2  S t a t i s t i c s

We follow  the convention  of H ooker et al. [22] an d  use an 
unb iased  param eter, because w e do no t assum e either of the 
processing m ethods to  be m ore correct th an  the other. C om 
parison  betw een  the tw o  processing m ethods w as quantified  
u sing  the unb iased  percen t difference (UPD) com pu ted  as:
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FIG. 2 S am p ling  c o n d it io n s  d u r in g  th e  tra n s e c t (5 th S e p te m b e r 2012). a ) W ind  sp ee d , b) C lo u d in e ss  In d e x , c) V ie w in g  a z im u th  a n g le , 4 >v. d ) M a tc h in g  c a lc u la te d  u s in g  th e  

w in d  sp ee d  - s im ila r i ty  s p e c tra  (re d  s q u a re s ) a nd  th e  f in g e rp r in t  a p p ro a ch  (b lu e  d o ts ).

w here X is the variab le being  com pared  for a g iven  spectra, i, 
the superscrip t F is for the fingerprint approach an d  S is for the 
similarity spectra.

Stable m eteorological conditions prevailed  d u ring  the w eek 
w h en  sam pling  w as perform ed. O n the sam pling  day, rela
tively  h igh  m ed ian  w in d  speed  of 11±2 m /s  w as recorded  to 
gether w ith  clear sky an d  stable cloud  cover conditions (Fig
u re  2). It can be seen how  the m ost stable (f>v w ere ob tained 
b etw een  9:35 an d  10:30 (Figure 2(c)).

2 . 3  R e m o t e  s e n s i n g  d a t a

The rem ote sensing  d a ta  used  in  th is s tu d y  have been ob
ta ined  from  tw o different sensors: the M oderate R esolution 
Im aging  S pectroradiom eter (MODIS) carried  on board  of 
N A SA 's satellite A qua, an d  the Visible Infrared  Im aging 
R adiom eter Suite (VIIRS), on  board  of N O A A 's Suom i N PP 
satellite. M ODIS L IA  d a ta  w ere dow n loaded  from  the O cean 
Color Web Page (http://oceancolor.gsfc.nasa.gov). These data  
w ere processed by  SeaDAS (http ://seadas.gsfc .nasa.gov/) 
to  generate  the L2 geolocated  Rrs data , m asking  ou t the 
land  an d  clouds. We used  M ODIS im ages at 500 m  sp a 
tial resolution . VIIRS L2 d a ta  w ere also dow n loaded  from  
the O cean Color Web Page. These d a ta  w ere generated  
by  NASA experim ental processing. VIIRS im ages have a 
reso lu tion  of 740 m. D ata co rrespond ing  to  the transect

from  offshore to  the coastline w as w ere extracted  from  
the Rem ote Sensing im ages u sing  the BEAM Toolbox 
(h ttp ://w w w .brockm ann-consu lt.de/cm s/w eb/beam /) to
com pare w ith  the in -situ  m easurem ents (Figure 1).

3 R E S U L T S  A N D  D I S C U S S I O N
All Ps^y values ob ta ined  from  the similarity spectra an d  the f in 
gerprint approach are sh o w n  in F igure 2(c). W hen the sim ilar
ity  spectra  d a ta  filtering criteria w ere used  to  filter the spec
tra  [23] for the w hole sam pling  period  (i.e. 9:22 to  11:30), the 
num ber of valid  d a ta  w as reduced  from  2607 to  279 (10.7%). 
O n the o ther h an d , w h en  the fingerprint approach w as used , 
the percen tage of valid  psky w as 28.8%. The rem ain ing  psky 
values w ere flagged as too low  (29.4%), too h igh  (41.3%) and  
suspect (0.5%). The in tersection  betw een  the acceptable spec
tra  for the sim ilarity  spectra  an d  valid  d a ta  from  the finger
p rin t approach  y ie lded  84 spectra  (3.2%), w hich  w ere used  for 
the com parison  hereafter. M ed ian ± 6 8 th percentiles of psky for 
the sim ilarity  spectra  an d  fingerp rin t approach  w ere respec
tively: 0.0345±0.003 an d  0.0384±0.015. The average U PD w as 
26% an d  no significant correlation  betw een  UPD an d  4>v w as 
found . H ow ever, selecting only  d a ta  from  the period  w ith  sta 
ble 4>v (i.e. 9:35 to  10:30, N  = 33, or 1.3% of 2607), reduced  the 
average UPD to 20%.
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The discrepancy in  p^y  transla ted  in to  spectral Rrs. Average 
UPD w as h igher for the b lue b an d s th an  for green: 45.3% at 
412 nm  an d  18.5% a t 555 nm . The m ean  spectral U PD for the 
m ost com m on bands in  th a t in terval (i.e. 412, 442, 488 and  
555) w as 27.9%. A sim ilar com parison  betw een  other m ethods 
for p rocessing above w ate r rad iom etry  [22] p roduced  m uch 
low er m ean  UPD values for clear sky days (e.g. average spec
tral UPD w as 1.2%). The fingerprint approach w ou ld  benefit 
from  inclusion  of spectral rad iance in  the 320M00 nm  dom ain  
since there are som e m ajor gas absorp tion  features there. This 
m ay also explain  to  som e extent w h y  b lue b an d s show  larger 
discrepancies. F urther testing  of th is hypo thesis is needed  by 
ex tend ing  the H yperSA S spectral range to w aveleng ths below  
the cu rren t 350 nm  lim it.

O verall agreem ent betw een  in -situ  (not-norm alised) Rrs and  
satellite Rrs can be observed  (Figure 3), w ith  VIIRS d a ta  being 
closer to  in -situ  observations th an  M ODIS for the w hole tran 
sect. There is an  increase in  Rrs near to the coast in  the in-situ  
da ta  an d  VIIRS, b u t n o t valid  d a ta  in  the M ODIS 500 m  im age. 
This h igh ligh ts the po ten tia l for the use of coup led  satellites- 
near shore in -situ  d a ta  to  im prove the correction of the ad ja
cency effect in  coastal w aters.
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FIG. 3 C o m p arison  o f In -s itu  H ypersas w ith  s a te ll i te  d a ta . In -s itu  d a ta  a t 555 nm  w e re  

p ro cesse d  w ith  s im ila r i ty  a nd  f in g e rp r in t  m e th o d s . B lue a re a  h ig h lig h ts  th e  d iffe re n c e  

b e tw e e n  th e  tw o  p ro ce ss in g  m e th o d s , as a  m e a su re  o f th e  u n c e r ta in ty  on th e  In -s itu  

d a ta . Green s o lid  lin e  a re  s a te ll i te  d a ta : a ) VIIRS 551 band  (750  m s p a tia l re s o lu t io n ) , b) 

M 0 DIS-A 555 ban d  (500  m a nd  1 km  re s o lu t io n ) . A rro w s  m a rk  th e  a p p ro x im a te  d is ta n c e  

to  th e  sh o re  In th e  g re y  sca le  a re a  (d a rk e r  g re y  Is n e a re r to  s h o re , I.e. ~ 5 0 .3 5 ° N )

4 C O N C L U S I O N S  A N D  O U T L O O K

We have p resen ted  initial resu lts from  a sam pling  designed  to 
collect in -situ  above w ate r reflectance d a ta  to in itiate the cre
ation  of a datase t su itab le to evaluate adjacency effect m odels 
in  coastal w aters. In o rder to gain  confidence in  this dataset, 
w e have explored tw o  sources of uncertain ty : v iew ing  az
im u th  sam pling  an d  d a ta  processing.

This s tu d y  has concluded  th a t m ain ta in ing  constan t v iew ing  
angles reduced  the differences betw een  tw o processing m eth 
ods to 20%. C orrect an d  constan t v iew ing  angles also p ro 
v id ed , qualitatively, better agreem ent w ith  concurren t MODIS 
an d  VIIIRS (experim ental) full reso lu tion  satellite data. In the 
case of un -superv ised  sam pling , th is a rgum en t su p p o rts  the 
use of au tom atic  az im u th  ad justing  pla tform s such as the R- 
Flex system  [24]. C oncerning the d a ta  processing, tw o  recent 
m ethods have been  u sed  in  th is s tu d y  g iv ing a large d iscrep
ancy. Sources of th is d iscrepancy  could  be the differences in 
spectral range betw een  the in strum ents used  in  our s tu d y  and  
those originally  used  in  the developm ent of the fingerp rin t a p 
proach. This hypothesis needs to  be tested  in  the future. Be
cause the P lym ou th  coastal area has a low  sed im en t load, the 
p resen t com parison  of m ethods could  also be ex tended  to  in 
clude add itiona l m ethods for the air-sea interface correction in 
use for clear w aters [25] an d  other recent p rocessing m ethods 
for coastal w aters [26].

The v iew ing  geom etry  of above w ate r sensors an d  the p ro 
cessing m ethods u sed  are ju st tw o  of the sources of uncer
ta in ty  in  the correction for air-sea interface reflection. O ther 
sources of error need  to be fu rthe r investigated  (i.e. w ave 
slope statistics, in teg ration  tim e, sky rad iance d istribu tion , in 
stru m en t dep loym ent from  a m oving  platform ) [15, 16]. A 
m ore com plete uncerta in ty  analysis is therefore requ ired  as 
w ell as cross com parisons w ith  sim ilar m easurem ents in  the 
area b y  o ther team s [17].

T hrough  a better characterisa tion  of the uncertain ties, w e ex
pect to  p rov ide robust an d  useful datasets for the s tu d y  of the 
adjacency effect on E arth  observation  im ages of coastal areas.
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