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Cduvtcev

TgÞgevcpeg" urgevtcn" ewtxgu"ygtg" cpcn{ugf"d{"
a derivative method. Derivative reflectance 
spectra revealed concealed peaks of both 
tgÞgevcpeg"cpf"cduqtrvkqp"ewtxgu"qh"Ectkddgcp"
ugcycvgt" cpf" gngogpvu" eqpvckpgf" ykvjkp" kv0""
Tghngevcpeg" ewtxgu" ujqygf" c" rtgfqokpcpv"
blue colour (400-500 nm) characteristic of 
Ectkddgcp" qnkiqvtqrjke" ycvgtu." eqpurkewqwu"
peaks result from the optical properties of 
chlorophyll a"cpf"ugcycvgt0"TgÞgevcpeg"ewtxgu"
had a similar spectral response. This paper 
cpcn{ugu"tgÞgevcpeg"urgevtc"qh"uwthceg"ugcycvgt"
at 31 stations in the Caribbean Sea during the 
summer of 2001.

Mg{yqtfu<"Qrvkecn"rtqrgtvkgu."qrvkecn"Qegcpq/
graphy, derivative reflectance analysis, 
Caribbean Sea.

Tguwogp

En este trabajo se analizaron curvas de 
reflectancia espectral mediante el método 
de derivada. Los espectros de derivada de la 
tgÞgevcpekc" tgxgnctqp" rkequ" qewnvqu" vcpvq" gp"
ewtxcu" fg" tgÞgevcpekc" {" cduqtek„p" fgn" ciwc"
del Mar Caribe y de elementos contenidos en 
gnnc0" Ncu" ewtxcu"fg" tgÞgevcpekc"oquvtctqp"wp"
predominio del color azul (400-500 nm), el cual 
gu"ectcevgt‡uvkeq"fg"ciwcu"qnkiqvt„Ýecu"fgn"Ectkdg."
nqu"rkequ"fg"cduqtek„p"guvƒp"kpÞwgpekcfqu"rqt"ncu"
rtqrkgfcfgu"„rvkecu"fg"nc"enqtqÝnc"a y el agua 
fg"oct0"Ncu"ewtxcu"fg" tgÞgevcpekc"oquvtctqp"
respuesta espectral similar. En este artículo se 
cpcnk¦ctqp"nqu"gurgevtqu"fg"tgÞgevcpekc"fgn"ciwc"
marina en 31 estaciones en el Mar Caribe en el 
verano de 2001.

Palabras clave: Propiedades ópticas, Ocea-
nografía óptica, análisis de derivada de la 
tgÞgevcpekc."Oct"Ectkdg0
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Kpvtqfwevkqp

Ugc" uwthceg" tgÞgevcpeg" T*┡+" ku" qrgtcvkqpcnn{"
fgÝpgf"cu"vjg"tcvkq"dgvyggp"wrygnnkpi"kttcfkcpeg"
E
u
*━.2+"cpf"vjg"fqypygnnkpi"kttcfkcpeg"E

d
*━.2+ at 

ycxgngpivj"┡"cv"vjg"uwthceg"*fgrvj"¥?2) and is 
expressed as: 
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The parameter E
u
*━.2+ possesses information 

qp" vjg" ugc" ycvgt" cpf" vjg" fkuuqnxgf" cpf"
rctvkewncvg"ocvvgt" eqpvckpgf"ykvjkp" kv." yjknuv"
E
d
*━."2+ stands for the total incoming irradiance. 

Changes of ocean colour are determined by the 
urgevtcn"xctkcvkqpu"qh"vjg"tgÞgevcpeg"T*━."2+.

The operational expression of Equation (1) 
ecp"dg"tgncvgf"vq"rj{ukecn"rtqrgtvkgu"qh"ycvgt0"
Many models of radiative transfer are useful 
hqt" guvcdnkujkpi" c" tgncvkqpujkr" dgvyggp"T*━+ 
and the absorption (a) and backscattering (b

b
) 

eqghÝekgpvu"*g0i0"Oqtgn"cpf"Rtkgwt"3;99."Iqtfqp"
cpf"Oqtgn"3;:5+0"Dqvj"eqghÝekgpvu"ctg"kpÞwgpegf"
d{"vjg"qrvkecn"ejctcevgtkuvkeu"qh"rwtg"ugc"ycvgt"
and those of the particulate and dissolved 
substances present in variable amounts in the 
ugc0"Vjwu."tgÞgevcpeg"urgevtc"ctg"c"eqpugswgpeg"
of absorption and backscattering processes due 
vq" ycvgt" *w), phytoplankton (phyto), carbon 
dissolved organic matter or CDOM (y) and 
non-phytoplankton particles (x). Hence, any 
kpvgtrtgvcvkqp"qh"vjg"tgÞgevcpeg"owuv"eqpukfgt"
the optical properties of these substances.

Oqtgn"cpf"Rtkgwt"*3;99+"rtqrqugf"c"ukorng"
relationship for the reflectance of oceanic 
ycvgtu<

 R f
b

a

b:  (2)

Where f is a function of solar altitude and the 
scattering phase function (Gordon et al., 1988). 
Thus, f can take different values depending on 
the angle of measurement. Historically, it had 
the value of 0.33 at the zenith angle of incident 
nkijv" *Oqtgn" cpf" Rtkgwt." 3;99=" Mktm" 3;:6+="
jqygxgt." qvjgt" cwvjqtu" jcxg" guvkocvgf" vjg" f 
value for different angle intervals (e. g. Hirata 
and Højerslev, 2008). Nonetheless, this equation 
ku"qpn{"xcnkf"hqt"ycvgtu"yjgtg"b

b
">>c, and it is 

cuuwogf" vjcv" vjg"eqghÝekgpvu"c"cpf"b
b
" hqnnqy"

the principle of superposition (Sathyendranath 
and Morel 1983).

Experimental data and theory indicate 
that, under most conditions, values of b

b
*━+ 

are relatively small compared to values of c*━+ 
cpf" fgetgcug"oqpqvqpkecnn{" ykvj" tgurgev" vq"
ycxgngpivj"*Iqtfqp"cpf"Oqtgn"3;:5+0"

Kp" qtfgt" vq" cpcn{¦g" tgÞgevcpeg" urgevtc" c"
number of techniques have been employed. 
Thus, ratios and differences have traditionally 
been used in ocean colour studies, although 
they are restricted to a small number of spectral 
bands.

Pqycfc{u." vjg" cfxgpv" qh" jkij/urgevtcn/
tguqnwvkqp"ugpuqtu"tgswktgu"vjg"wug"qh"rqygthwn"
analytical methods of study such as the 
derivative analysis. The derivative method 
undertakes many of the problems of quantitative 
analysis more effectively than ratios and 
differences by considering a larger amount 
qh" fcvc." yjkej" uvcpfu" hqt"oqtg" kphqtocvkqp"
potentially available (Jia et al., 2008). Derivative 
analysis has been applied to a different kind of 
spectra obtained by high spectral-resolution 
sensors (e. g., Evangelista et al., 2006). These 
ugpuqtu"ctg"ejctcevgtkugf"d{"jcxkpi"c"dcpfykfvj"
less than 5 nm and/or more than 100 spectral 
bands. Thus, high-spectral-resolution sensors 
can provide information about smaller spectral 
variations than coarse bands do. The derivative 
ogvjqf" jcu" dggp" wugf" hqt"okpkok¦kpi" nqy/
frequency background noise and for resolving 
qxgtncrrkpi"urgevtc"*Dwvngt"cpf"Jqrmkpu"3;92+0"
This method has successfully been applied in 
aquatic remote sensing for studying suspended 
uqnkfu" kp"ycvgt" *Ejgp"et al., 1992, Goodin et 
al., 1993; Hunter et al., 2008) and detecting 
photosynthetic algal pigments (Aguirre-Gómez 
et al., 2001; Han, 2005), among other topics. 

In general, data provided by high-spectral-
resolution sensors mounted on an aircraft, on a 
ucvgnnkvg."cpf"qp"c"Ýgnf"urgevtqtcfkqogvgt."ecp"dg"
wughwn"hqt"vguvkpi"pgy"v{rgu"qh"cniqtkvjou"fgukipgf"
vq"cpcn{ug"vjg"tgÞgevcpeg"qh"ugcycvgt0"Rctvkewnctn{."
fcvc" rtqxkfgf" d{" Ýgnf" urgevtqtcfkqogvgtu" ctg"
important in remote sensing studies because 
they may simulate those obtained through 
sensors mounted on aircraft or satellites. 
Additionally, these measurements are essential 
hqt"fgvgtokpkpi"vjg"cvoqurjgtke"ghhgev"dgvyggp"
the airborne or spaceborne remote sensor and 
the ground, instead of using models for removing 
cvoqurjgtke"kpÞwgpegu"*Rjknrqv."3;;3+0"Hkpcnn{."
under certain circumstances, it could be better 
to use ship-based information because of higher 
eqpÝfgpeg"qh"kp"ukvw"tgncvgf"fcvc0

Consequently, the in situ optical properties, 
as calculated by equation (2), can be related to 
qegcp"eqnqwt"qdugtxcvkqpu"vjtqwij"tgÞgevcpeg"
information on the marine surface as measured 
by equation (1).
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The aim of this study is to assess the potential 
of derivative analysis applied to high-spectral-
resolution ship-based spectroradiometer data 
for retrieving information about photosynthetic 
pigments. Due to the lack of simultaneous in situ 
measurements of pigments, satellite-derived 
ejnqtqrj{nn/c" eqpegpvtcvkqp"ycu" guvkocvgf" vq"
xcnkfcvg"vjg"urgevtcn"tgÞgevcpeg"ewtxgu0

Fgtkxcvkxg"tgÞgevcpeg"urgevtc

According to equation (2), the solar radiation 
reflected from the sea surface depends on 
absorption and backscattering processes. 
Dqvj" rtqeguugu" ctg" fgrgpfgpv" qp" vjg"ycvgt"
itself, phytoplankton, particulate and dissolved 
matter (Kirk, 2011). Thus, considering all of 
vjgug" eqorqpgpvu." vjg" fgtkxcvkxg" tgÞgevcpeg"
spectra can be expressed as the rate of 
ejcpig"qh"tgÞgevcpeg"ykvj"ycxgngpivj"fT*┡+1
f┡0" Vjgtghqtg." d{" guvkocvkpi" vjg" eqorngvg"
differentiation of T"?"T*c

w
."c

phyto
."c

x
."c

y
."d

bw
."d

bphyto
."

b
bx
."━+."yg"qdvckp

dR

d

R

a

da

d

R

a

da

d

R

a

da

dw

w

phyto

phyto

x

x( )λ

λ λ λ
=
∂

∂
+

∂

∂
+
∂

∂ λλ

         
λ λ λ

+
∂

∂
+
∂

∂
+

∂

∂

R

a

da

d

R

b

db

d

R

b

db

dy

y

bw

bw

bphyto

bphyto

        

++
∂

∂

R

b

db

dbx

bx

λ
 (3)

yjgtg" vjg" rctvkcn" fgtkxcvkxgu" ctg" cp" kornkekv"
function of ━.

Assuming T*━+"が"d
b
*━+1c*━+ and by calculating 

the partial derivative for each component, and 
uwduvkvwvkpi"kp"vjg"gswcvkqp"*5+."yg"igv<
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This equation relates the slope of a 
directly measured reflectance spectrum at 
cp{"ycxgngpivj" vq" gcej" qh" vjg" eqorqpgpvu0"
Consequently, it is possible to iteratively 
calculate high-order derivatives. Thus, in 
principle, the presence of phytoplankton 
rkiogpvu."uwurgpfgf"cpf"qticpke"ocvvgt"ykvjkp"
vjg"ugc"ycvgt"ecp"dg"guvkocvgf"d{"eqpukfgtkpi"

tgÞgevcpeg"urgevtwo"eqorqpgpvu"cu"owvwcnn{"
independent. 

Uvwf{"ctgc

The Caribbean Sea is the largest sea adjacent 
to the Atlantic Ocean. It has an upper mixed 
nc{gt" qh" cdqwv" 72"o."yjkej" swkemn{" tgurqpfu"
to atmospheric forcing. Circulation at this layer 
ku"eqpvtqnngf"d{"vjg"Ectkddgcp"Ewttgpv."yjkej"
substantially contributes to heat advection 
from the tropic to mid-latitudes. The physical 
characteristics of the Caribbean Sea have been 
studied from various perspectives (e.g. Gordon, 
3;89="Gvvgt"et al.."3;:9="Mkpfgt"et al., 1985; 
Müller-Karger et al., 1989). The Caribbean Sea 
is considered to be an oligotrophic area. This 
ecp"dg"uwrrqtvgf" kp" vgtou"qh" kvu"ghÝekgpe{"qh"
nkijv" wvknkucvkqp0" Cp" ctgcn" ghÝekgpe{" g

A
 (ratio 

of areal photosynthetic rate to the total 
Photosynthetically Active Radiation), in a range 
qh"2024'/2029'."ycu"tgrqtvgf"hqt"vjg"Ectkddgcp"
Ugc."yjkej"ecp"dg"kpvgtrtgvgf"cu"c"tgncvkxgn{"nqy"
coqwpv" qh" rj{vqrncpmvqp"ykvjkp" vjg" gwrjqvke"
¦qpg" *Oqtgn." 3;9:+0"Yjgp" vjg" r{epqenkpg" ku"
deeper than about 100 m, the deep chlorophyll 
oczkowo" ku" gzvtgogn{" ygcm0" Jqygxgt." vjg"
nkvgtcvwtg"eqpvckpu"hgy"uvwfkgu"qh"vjg"dkq/qrvkecn"
ejctcevgtkuvkeu" qh" vjg" ctgc." ogcuwtgf" ykvj"
spectral radiometers and apparently no reports 
qh" kvu" tgÞgevcpeg" rtqrgtvkgu" *g0i0" Enctm" cpf"
Gykpi."3;96="Hctogt"et al., 1993). 

Vjg" tgÞgevcpeg" ejctcevgtkuvkeu" qh" qegcpke"
ycvgtu" jcxg" dggp" uvwfkgu" d{" c" pwodgt" qh"
cwvjqtu" *g0i0"Yknuqp" cpf" Mkghgt." 3;9;="Oqtgn"
et al., 1995). With the advent of high spectral 
tguqnwvkqp" ugpuqtu" vjg" cpcn{uku" qh" tgÞgevcpeg"
rtqrgtvkgu"jcu"dggp"ukipkÝecpvn{"kortqxgf0"

Vjg"Dk/fktgevkqpcn"TgÞgevcpeg"Hcevqt"*DFTH+"
ogvjqf" rtqrqugf" d{"Oknvqp" *3;:9+" jcu" dggp"
ykfgn{"wugf"qp"ncmgu"cpf"nciqqpu"*g0i0"Fgmmgt"
et al., 1991; Aguirre-Gómez, 2001) and on 
oceanic sites (e.g. Bidigare et al., 1989; Aguirre 
et al., 2001). One of the advantages of using 
high spectral resolution sensors is the potential 
for applying sophisticated algorithms, such as 
the derivative method, to nearly continuous 
ewtxgu0" Rctvkewnctn{." kv" ku" c" rqygthwn" vqqn" hqt"
detecting information concealed in spectral 
tgÞgevcpeg"ewtxgu0"Vjwu."vjg"ockp"qdlgevkxg"qh"
vjku"uvwf{"ku"vq"cpcn{¦g"vjg"urgevtcn"tgÞgevcpeg"
characteristics of the Caribbean Sea through the 
derivative method.

Ocvgtkcn"Cpf"Ogvjqfu

Hydrographical, meteorological and optical 
ogcuwtgogpvu" ygtg" rgthqtogf" qxgt" vjg"
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Caribbean Sea during the oceanographic/
meteorological cruise ECAC-3, onboard the R/V 
Justo Sierra (Universidad Nacional Autónoma de 
México, UNAM) from July 6 to 26, 2001.

The cruise track had three phases: outbound 
leg, main survey, and inbound leg (Figure 1). 
The outbound leg (from Tuxpan to Yucatan 
ejcppgn+" ycu" wugf" hqt" vguvkpi" cpf" vtckpkpi"
purposes. The cruise track for the main survey 
ycu"fgvgtokpgf"d{"vwtpkpi"rqkpvu"vjcv"fgÝpgf"
the nine cruise legs (Table I). The inbound leg 
*htqo" [wecvcp" Ejcppgn" vq" Vwzrcp+"ycu" wugf"
for data processing and analysis, and database 
mergers.

Qegcpke" qdugtxcvkqpu" ygtg" hqewugf"
on CTD casts made four or more times 
daily for temperature, salinity, density and 
fkuuqnxgf"qz{igp"*FQ+"fgrvj"rtqÝngu0"Fc{vkog"
Þwqtguegpeg" cpf" tgÞgevcpeg"ogcuwtgogpvu"
ygtg"ecttkgf"qwv"cv"53"ucornkpi"uvcvkqpu"nqecvgf"
along of six cruise legs covering great extension 
of the Caribbean Sea (Figure 2). Chlorophyll a 
eqpegpvtcvkqp"cv"vjg"53"ucornkpi"uvcvkqpu"ycu"
estimated by simultaneous derived SeaWiFs 
information. 

TgÞgevcpeg"Ogcuwtgogpvu

TgÞgevcpeg"ycu"ogcuwtgf"d{"vjg"DFTH"ogvjqf"
*Uyckp" cpf" Fcxku." 3;9:+0" Vjg" DFTH" ecp" dg"
fgÝpgf"cu<

 

 
R

r

r
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yjgtg"r
ti
"ku"vjg"Þwz"tgÞgevgf"d{"c"vctigv"wpfgt"

urgekÝgf"eqpfkvkqpu"qh"kttcfkcvkqp"cpf"xkgykpi."
r
ci
" ku" vjg"Þwz" tgÞgevgf"d{" c"rgthgevn{" fkhhwug."

completely reflecting Lambertian surface 
yjkej" ku" wugf" cu" c" tghgtgpeg" cpf" k is the 
rcpgn"eqttgevkqp" hcevqt"yjkej"fgrgpfu"qp" vjg"
cpiwnct"eqpÝiwtcvkqp"cpf"ceeqwpvu"hqt"vjg"pqp/
Ncodgtvkcp"urgevtcn"tgÞgevcpeg"qh"vjg"rcpgn0"Vq"
measure r

ti
 the Spectroradiometer GER-1500 

ycu" rncegf" qxgt" vjg" uwpp{" ukfg" qh" vjg" ujkr"
vq"cxqkf"vjg"fktgev"ujcfqy"qh"vjg"ujkr."yjkej"
may introduce an error of up to 30% (Gordon, 
1985). Values of r

ci
 ygtg"qdvckpgf"d{"eqorctkuqp"

ykvj"c"Urgevtcnqp"tghgtgpeg"rcpgn"*Ncdurjgtg+0"
The panel is resistant and hydrophobic, 
ejctcevgtkuvkeu"vjcv"tgpfgt"kv"uwkvcdng"hqt"Ýgnf/
based research (Schutt et al., 1981; Weidner 
cpf"Jukc." 3;:3+0" Vjg" ugpuqt"ycu" rqukvkqpgf"
vq"rtqxkfg"c"pcfkt"xkgy"qh" vjg"ycvgt"uwthceg."
tgfwekpi" vjwu" vjg"wpycpvgf" kttcfkcpeg"qh" vjg"
urgewnctn{"tgÞgevgf"nkijv."yjkej"ku"kpfgrgpfgpv"
qh"vjg"qrvkecn"rtqrgtvkgu"qh"vjg"ycvgt"*Ujkhtkp."
3;::+0"Vjku"eqpÝiwtcvkqp"iwctcpvggf"vjcv"nkijv"
backscattered from the sea and the elements 
rtgugpv"ykvjkp"kv"yqwnf"dg"vjg"oclqt"eqpvtkdwvqt"
qh"vjg"ukipcn0"TgÞgevcpeg"urgevtc"ygtg"qdvckpgf"
d{" Ýtuv" uecppkpi" vjg"ycvgt" uwthceg" cpf" vjgp"
sequentially measuring over the reference 

Hkiwtg"30 ECAC-3 cruise track from July 6 to 26, 2001.
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Vcdng"30 Geographical positions of the nine transects sampled in the Caribbean Sea.

LEG INITIAL POSITION FINAL POSITION ELAPSED TIME

I 4302P=":809Y 3907P="9:02Y 2942"Lwn{"33"vq"3432"Lwn{"36"
II 3907P."9:02Y 3702P.":209Y" 3432"Lwn{"36"vq"3952"Lwn{"37
III 3702P.":209Y 3502P."9;0:Y 3952"Lwn{"37"vq"3747"Lwn{"38
IV 3502P."9;0:Y 3702P."9;07Y 3747"Lwn{"38"vq"2977"Lwn{"39
V 3702P."9;07Y 3502P."9;02:Y 2977"Lwn{"39"vq"2452"Lwn{"3:
VI 3502P."9;03Y 3508P."9:09Y 0230 July 18 to 1210 July 18

VII 3709P.":208Y 19.2N, 86.4W 1420 July 19 to 1640 July 21

VIII 19.2N, 86.5W 21.2N, 81.1W 3862"Lwn{"43"vq"2967"Lwn{"45
IX 21.2N, 81.1W 21.6N, 85.6W 2967"Lwn{"45"vq"2:22"Lwn{"46

Hkiwtg"40"Location of 31 daytime sampling sites.

rcpgn0"Vjgug"qdugtxcvkqpu"ygtg"ecttkgf"qwv"yjkng"
vt{kpi"vq"mggr"vjg"ucog"xkgykpi"igqogvt{"d{"
nqqmkpi"cv"pcfkt"kp"dqvj"ecugu0"Jqygxgt."ukpeg"
vjg" ecnkdtcvkqp" rcpgn"ycu" qpdqctf" vjg" vctigv"
cpf" tghgtgpeg" qdugtxcvkqpu" ygtg" rgthqtogf"
cv" fkhhgtgpv" jgkijvu0" Vjgp." dqvj" uecpu" ygtg"
divided according to equation (5) and multiplied 
d{"c"eqttgevkqp"hcevqt"qh"m?20;;."hqnnqykpi"vjg"
manufacturer’s instructions.

Urgevtqtcfkqogvtke" ogcuwtgogpvu" ygtg"
rgthqtogf" dgvyggp" ;<22" cpf" 37<22" jtu" hqt"
suitable solar conditions of illumination, that is, 
67̇"ctqwpf"pcfkt"xkgy."cu"uwiiguvgf"d{"Lgtnqx."
(1968). 

Tgoqvg" Ugpukpi" tgÞgevcpeg" urgevtc"ygtg"
estimated through ad hoc formulas taken a 
Htgupgn"tgÞgevcpeg"┦"?"2024:."yjkej"okpkok¦gu"
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the effects of Sun glint and non-uniform sky 
radiance, avoids instrument shading problems 
cpf" ku" tgnkcdng" hqt" ykpf" urggfu" nguu" vjcp" 7"
m s-1 (Mobley, 1999). Additionally, according 
to SeaWiFS protocol (Mueller and Austin, 
1995) and in order to remove residual surface 
tgÞgevcpeg"fwg"vq"ycxg"hcegvu."vjg"urgevtc"ygtg"
corrected for sun/sky glint error by subtracting 
vjg"tgÞgevcpeg"ogcuwtgf"cv"972"po"htqo"gcej"
spectrum. 

Fgtkxcvkxg"Urgevtcn"Cpcn{uku

Atmospheric effects such as sky radiance, 
Rayleigh scattering, ozone absorption and Mie 
*qt" cgtquqn+" uecvvgtkpi" ctg" wpycpvgf" ukipcnu"
in marine optics and in ocean colour studies 
*Uvwto." 3;:3="Iqtfqp." 3;9:+0" Vjgug" ghhgevu"
must be considered in studies using remote 
ugpukpi" tgÞgevcpeg" cpf" jcxg" vq" dg" tgfwegf"
if not eliminated. Atmospheric normalization 
cniqtkvjou"ecp"dg"wugf"yjgp"cpcn{ukpi"fcvc"hqt"
yjkej"vjgtg"ctg"pq"ukownvcpgqwu"cvoqurjgtke"
measurements. The derivative method is a 
mkpf" qh" cniqtkvjo"yjkej"ocmgu" kpugpukvkxg" vq"
atmospheric effects some spectral features of 
the target. Generally, atmospheric normalization 
algorithms serve to parameterize the spectral 
shape (slope, curvature, etc) of the remote 
observations in an attempt to relate them to 
kpxctkcpv"urgevtc"*Rjknrqv."3;;3+0"Itgy"*3;:3+."
developed a simple empirical algorithm for 
estimating oceanic chlorophyll from Multichannel 
Ocean Color Sensor (MOCS) data, the so-called 
ÐkpÞgevkqp"tcvkq"cniqtkvjoÑ0"Vjku"cniqtkvjo"ku"c"
linear difference operator acting as a high pass 
Ýnvgt0"Vjwu."nkpgct"xctkcvkqpu"kp"━ are completely 
removed and high order variations are reduced 
vq" c" eqpuvcpv0" Jgpeg." vjg" Ýnvgtkpi" swcnkv{" qh"
fgtkxcvkxgu" vqigvjgt"ykvj" ku" nkpgct" rtqrgtvkgu"
account for its sensitivity to chlorophyll and 
its capabilities for eliminating unrelated effects 
such as the atmospheric ones. In this study a 
hqwtvj"fgtkxcvkxg"Ýnvgt"ycu"crrnkgf"vq"tgÞgevcpeg"
spectra for locating and identifying ubiquitous 
peaks concealed in the spectral curves. Since 
differentiation tends to magnify effects of high-
frequency noise in the spectra, a polynomial 
Ýv"uoqqvjkpi"Ýnvgt"ycu"crrnkgf"qxgt"vjg"fcvc"
prior to calculation of the derivatives. Smoothed 
cpf" fgtkxcvkxg" urgevtc" ygtg" qdvckpgf" ykvj"
RgcmHkv" rtqitco" *CKUP" uqhvyctg." 3;;7+0" Vjku"
program applies a convolution among the 
tgÞgevcpeg" urgevtc" cpf" nqy" cpf" jkij" /rcuu"
Ýnvgtu"*uoqqvjkpi"cpf"hqwtvj"fgtkxcvkxg"Ýnvgtu."
respectively).

Particularly, the fourth derivative detects the 
presence of both maxima and minima peaks 
vjcv"eqttgurqpf"vq"tgÞgevcpeg"cpf"cduqtrvkqp"

regions, respectively, due to optical properties 
qh" ugcycvgt" cpf" gngogpvu" eqpvckpgf" ykvjkp"
kv0" Kpvgtrtgvcvkqp" qh" rgcmu"ycu" dcugf" qp" vjg"
physical and biological spectral properties of 
these constituents.

Ugcykhu"Fcvc

UgcYkHU" fcvc" ygtg" wvknkugf" hqt" cuuqekcvkpi"
tgÞgevcpeg"cpf"cduqtrvkqp"rgcmu"vq"ejnqtqrj{nn"
a"eqpegpvtcvkqp0"Fckn{"kocigu"ygtg"pqv"cxckncdng"
due to cloud coverage in some of them, thus a 
set of existing of SeaWiFS imagery during the 
oqpvj"ycu"wugf"hqt"guvkocvkpi"vjg"ejnqtqrj{nn"
a concentration ([Chl-a]) at each sampling 
uvcvkqp0"C"oqpvjn{/cxgtcigf"kocig."ykvj"c"rkzgn"
of 1 km2."ycu"qdvckpgf0"Htqo"vjku."]Ejn/c_"ycu"
estimated by using the empirical algorithm OC4 
(O’Reilly et al., 1998; O’Reilly et al., 2000). 
Kp"qnkiqvtqrjke"ycvgtu."vjg"]Ejn/c_"cpf"kvu"eq/
varying derived products are considered to be 
vjg"ockp"eqpvtkdwvqtu"vq"vjg"ycvgt"tgÞgevcpeg0"C"
ukorng"tgncvkqpujkr."ykvj"c"ukioqkf"ujcrg."nkpmu"
vjg"nqi/vtcpuhqtogf"tgÞgevcpeg"tcvkqu"qt"tgoqvg"
ugpukpi" tgÞgevcpeg" *T

rs
) to [Chl-a]. The OC4 

cniqtkvjo"wugu"c"ukping"ugv"qh"eqghÝekgpvu"crrnkgf"
to the blue-green ratio R

BG
"yjkej"ku"fgvgtokpgf"

by the maximum band ratio approach.

Thus, for R equal to log32(RBG+:

     
OC Chl R Ra4 10 0 366 3 067 1 93

2
_ . . .= − +(

                
R R2 649 1 532
3 4

. .− − ))−0 0414.

UgcYkHU"ucvgnnkvg"fcvc"ygtg"rtqeguugf"ykvj"
SeaDAS version 6.1. OC4 formulations and 
eqghÝekgpvu"ecp"dg"qdvckpgf"htqo"UgcFCU"803"
documentation.

Tguwnvu"Cpf"Fkuewuukqp

Meteorological conditions, measured on board 
fwtkpi"vjg"etwkug."ygtg"tcvjgt"uvcdng"gzegrv"hqt"
vyq"fc{u"qh"cfxgtug"ygcvjgt"cv"okf"Lwn{"*Vcdng"
II). Mean values of the parameters indicate 
vjg"uvcdknkv{"qh"ygcvjgt"eqpfkvkqpu0"Vjwu."ykpf"
vectors had a mean magnitude of 6.24(3.01) 
m s-1 at 138.42(64.04) degrees. Variability of 
vjg"qvjgt"ogvgqtqnqikecn"rctcogvgtu"ycu"nguu<"
Mean Relative humidity 80.48% (4.13); mean 
dctqogvtke"rtguuwtg"323209"*307;+"od="cpf"ckt"
temperature 29.16 (0.85) (°C).

The spectral response of the Caribbean 
Sea is rather homogeneous. Most spectra 
rtqÝngu" jcf" c" ukoknct" vtgpf."ykvj" c" tgncvkxgn{"
jkij"tgÞgevcpeg"dgvyggp"2026"cpf"2028"cv"vjg"
blue end (400-500 nm), except for three cases 
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ujqykpi" jkijgt" xcnwgu=" cp" cdtwrv" fqypyctf"
unqrg"uvctvkpi"cv"ctqwpf"722"po"fwg"vq"ycvgt"
cduqtrvkqp."cpf"nqygt"xcnwgu"cv"vjg"tgf"gpf"qh"
the spectra (Figure 3). All spectra are modulated 
d{"vjg"qrvkecn"rtqrgtvkgu"qh"qegcpke"ycvgt"cpf."
cv"c"nguugt"gzvgpv."d{"rj{vqrncpmvqp."yjkej"ku"
characteristic of oligotrophic conditions. These 
characteristics account for the typical blue 
eqnqtcvkqp"qh"Ectkddgcp"ycvgtu0

The derivative analysis provides a more 
ceewtcvg"nqecvkqp"qh"cduqtrvkqp"cpf"tgÞgevcpeg"
peaks. They slightly differ from analysis 
rgthqtogf" ykvj" eqpxgpvkqpcn" ogvjqfu0" Vjg"
derivative method precisely locates and the 
actual inflexion points and, consequently, 
kfgpvkÝgu"cduqtrvkqp"qt"tgÞgevkqp"rgcmu0"Vjwu."
c"hqwtvj"fgtkxcvkxg"Ýnvgt"ycu"vjgp"crrnkgf"vq"cnn"
urgevtc" kp" qtfgt" vq" fgvgev" jkffgp" tgÞgevcpeg"
cpf"cduqtrvkqp"rgcmu0"Gcej"tgÞgevcpeg"urgevtc"
ujqygf"ukoknct"tgÞgevcpeg"cpf"cduqtrvkqp"rgcmu"
as maxima and minima values, respectively. 
Hence, instead of having the theoretical blue 
absorption peak of chlorophyll around 440 nm, 
ykvj"vjg"fgtkxcvkxg"cpcn{uku"vjku"rgcm"ku"hqwpf"
ctqwpf"669"po0"C"uvcvkuvkecn"cpcn{uku"qh"cnn"vjg"
rgcmu"hqwpf"vjtqwij"vjku"ogvjqf"ycu"rgthqtogf"
hqt" vjg" tgÞgevcpeg" ewtxgu" qh" gxgt{" ucornkpi"
ukvg0"Eqpugswgpvn{."c"ogcp"xcnwg"qh"vjgo"ycu"

eqpukfgtgf"kp"vjg"hqnnqykpi"fgtkxcvkxg"cpcn{uku"
*Vcdng" KX+0"Yjgp"cnn" tgÞgevcpeg"urgevtc"ygtg"
pqtocnkugf"cv"6690;7"*ogcp"xcnwg"qh"vjg"hqwtvj"
fgtkxcvkxg"oczkoc+."yjkej"eqttgurqpfu"vq"vjg"
absorption peak of chlorophyll a in the blue 
region, the differences and similarities among 
the spectra could be assessed (Figure 4). Major 
fkhhgtgpegu"ctg"crrctgpv"dgvyggp"622"cpf"672"
po" *dnwg+."yjknuv" ukoknctkvkgu" qeewt"ockpn{" kp"
the 450 - 500 nm region (green). From 500 nm 
qpyctfu"cnn"urgevtc"jcxg"vjg"ucog"vtgpf"ykvj"
unkijv"xctkcvkqpu"dgvyggp"872"cpf"922"po0"

Jqygxgt."kv"jcu"dggp"tgrqtvgf"vjg"rtgugpeg"
also of cyanobacteria and green algae groups 
(Bidigare et al., 1993). Mean absorption peaks 
cv" 7;9034" cpf" 87;024" po" ctg" fwg" vq" rwtg"
ugcycvgt0"Vjgtg"ku"gxkfgpeg"vjcv"nkijv"cduqtrvkqp"
d{" rwtg" ycvgt" fgrgpfu" qp" kvu" vgorgtcvwtg."
being apparent in absorption bands around 
600 and 660 nm at 21°C (Pegau and Zaneveld, 
1993). It has been found that the absorption 
oczkowo"ujkhvu"vqyctfu"nqygt"ycxgngpivju"cv"
increasing temperature (Hakvoort, 1994). This 
may account for the slight difference found 
dgvyggp" vjg" vyq" ugvu" qh" fcvc." ukpeg" vjg" ugc"
uwthceg"vgorgtcvwtg"qh"Ectkddgcp"ycvgtu"ycu"
around 29°C during the sampling.

Hkiwtg"50"TgÞgevcpeg"rtqÝngu"qh"53"fc{vkog"ucornkpi"uvcvkqpu0
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U0R Ngi" Lat Nqp Y*f+ Y*t+ T0J0 C0V D0R ]Ejn"
a]

Vkog Date

225 I 20:21 :7059 199 6.32 98 28.5 1012 20294 08:58 332923
004 I 20.16 85.22 134 4.42 94 29.4 1012 0.060 12:45 332923
005 I 20.10 :7029 125 509 94 29.4 1011 20299 14.20 332923
236 I 19.29 83.10 155 8.33 98 29.0 1013 0.098 08:15 342923
237 I 19.22 82.53 155 5.40 9: 29.2 1014 0.094 10.52 342923
238 I 3;039 82.38 369 3.44 99 29.3 1013 0.082 13.10 342923
247 I 3:049 80.26 339 10.84 82 28.5 1013 0.101 09:15 352923
248 I 18.21 80.11 379 6.48 82 28.9 1013 0.108 13:25 352923
249 I 18.16 9;078 101 2.98 81 4:09 1012 0.105 13:25 352923
258 II 3903; 9:033 120 9047 9; 28.4 1010 0.158 09:20 362923
259 II 16.44 9:058 083 5.25 9: 28.3 1009 0.101 13.30 362923
268 II 37029 80.24 379 6.68 84 28.1 1009 0.116 09:15 372923
269 II 15.00 80.40 062 6.94 84 28.1 1009 0.112 12:40 372923
048 III 14.44 :2059 339 8039 84 28.2 1008 XXX 15:00 372923
055 III 13.06 9;079 195 3.91 :9 28.3 1010 0.116 08:16 382923
278 III 13.00 9;06; 130 6.01 :9 28.3 1010 0.120 10:00 382923
279 IV 13.15 9;069 333 9052 :9 28.3 1010 0.105 12:10 382923
058 IV 13.29 9;066 125 6.06 :9 28.4 1009 0.153 14:30 382923
289 V 14.15 9;042 154 12.39 84 28.8 1010 XXX 10:00 392923
28: V 14.01 9;039 159 11.51 84 28.9 1009 XXX 11:50 392923
28; V 13.46 9;036 103 11.41 82 29.3 1008 XXX 36039 392923
298 VI 15.44 80.38 139 12.13 9; 29.5 1010 0.109 09:40 3;2923
299 VI 16.00 80.41 106 8.02 81 29.6 1011 0.116 11:15 3;2923
29: VI 16.15 80.49 125 8.02 82 29.8 1010 0.105 13:30 3;2923
29; VI 16.22 80.53 093 5.96 81 30.0 1010 0.156 14:30 3;2923
088 VI 39057 83.23 015 4.21 80 29.9 1012 0.105 09:30 422923
2:; VI 39063 :5059 083 2.98 81 29.9 1012 0.116 32<79 422923
2;2 VI 39069 83.52 329 2.36 9; 30.2 1012 0.105 13:34 422923
2;3 VI 39076 84.06 339 2.42 99 31.0 1010 0.138 15:39 422923
322 VI 19.02 86.08 128 4079 97 31.1 1010 0.108 08:30 432923
323 VI 19.09 86.20 128 2.11 99 30.6 1010 0.098 09:55 432923

Vcdng"40 Meteorological and biological parameters measured on board the RV Justo Sierra. S. P. 
(Sampling point); L (Cruise leg); Lat, (Latitude: °N); Lon, (Longitude: °W); W(d), Wind direction (°); 
W(r), Wind speed, (m s-1); R. H., relative humidity (%); A.T., Air Temperature, (°C); B. P., barometric 
pressure, (mb); Chlorophyll concentration [Chl-a] (mg m-3+=" vkog" qh" tgÞgevcpeg"ogcuwtgogpvu"

(hh:min); date (ddmmyy). 
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Y*F+ Y*t+ T0J0 C0V D0R ]Ejn"c_
μ 138.42 6.24 80.48 29.16 323209 2032:9
j 64.04 3.01 4.13 0.85 1.59 0.023

okp 15 2.11 94 28.1 1008 0.06

ocz 339 12.39 :9 31.1 1014 0.158

X0E0"*'+ 46.26 48.23 5.13 2.91 0.16 21.16

U0G0 11.50 0.54 2096 0.15 0.29 0.0045

R0U0G0"*'+ 8.30 8.66 0.92 0.52 0.02 6029

Vcdng"50"Fguetkrvkxg"uvcvkuvkeu"*μ."ogcp<"j<"uvcpfctf"fgxkcvkqp="okp<"okpkowo"xcnwg="ocz<"oczkowo"
xcnwg="X0E0"Xctkcvkqp"EqghÝekgpv="U0G0"Uvcpfctf"gttqt="R0U0G0<"Rgtegpvwcn"Uvcpfctf"gttqt0""Y*f+."Ykpf"
direction (°); W(r), Wind speed, (m s-1); R. H., relative humidity (%); A.T., Air Temperature, (°C); 

B. P., barometric pressure, (mb); [Chl-a] Chlorophyll concentration (mg m-3)

Hkiwtg"60"TgÞgevcpeg"urgevtc"
pqtocnk¦gf" cv" 6690;:" po."
corresponding to the region 
of maximum chlorophyll a 

absorption. 

C" v{rkecn" tghngevcpeg" urgevtwo" ykvj" kvu"
eqttgurqpfgpv" fgtkxcvkxg" rgcmu" ku" ujqyp" kp"
Figure 5. Peaks found through the derivative 
ogvjqf" ecp" dg" cuuqekcvgf" ykvj" vjg" qrvkecn"
rtqrgtvkgu" qh" ugcycvgt0" Ogcp" tghngevcpeg"
peaks at 415.04 and 480.31 nm stands for the 
fqokpcpv"eqnqwt"qh"vjg"ycvgt."yjkej"ycu"oquvn{"
bluish over the entire zone. The peak at 685.82 
nm is mainly due to the sum of irradiances 
rtqfwegf"vjtqwij"pcvwtcn"Þwqtguegpeg"gokuukqp"
by chlorophyll a and elastic scattering (Kirk, 
4233+0"Vjg"ogcp" tgÞgevcpeg"rgcm"cv"7680;4"
nm has a physical explanation rather than a 
biological one because this peak marks the 
uvctvkpi"rqkpv"qh"vjg"uvtqpi"ycvgt"cduqtrvkqp."
yjkej" tgcejgu" c"oczkowo" ctqwpf" 822" po"
(Buiteveld et al, 1994).

On the other hand, absorption peaks found 
by the derivative process can be essentially 
related to optical properties of pigments and 
ugcycvgt"*Rtfi¦gnkp"cpf"D„e¦ct."3;:8="Ciwkttg"gv"
cn."4223+0"Vjwu."vjg"rgcm"cv"6690;7"po"ku"fwg"
to chlorophyll a absorption in the blue region. 
A carotenoid absorption peak at 513.01 nm can 
presumably be attributed to fucoxanthin-like 
rkiogpvu" qh" dtqyp" cnicg." yjkej" ctg" coqpi"
the dominant groups in the zone (Taylor, 1959; 
Müller-Karger et al, 1989; Bidigare et al, 1993). 

Satellite-estimated [Chl-a] at each sampling 
uvcvkqp" ku" ujqyp" kp" Vcdng" KK" cpf"jcf"c"ogcp"
value of 0.109 (0.023) mg m-3 (Table III). Values 
qdvckpgf" ctg" v{rkecn" qh" qnkiqvtqrjke" ycvgtu."
mainly at the northern sampling stations (3, 
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S.P. T3 T4 T5 R4 R5 C3 C4 C5 C6
225 414.92 69;023 544.94 859084 696.50 446.06 512.01 605.35 666.41

004 418.18 480.66 544.94 846097 8:2092 449.35 513.66 595.60 652.05

005 414.92 482.31 546.58 636.02 698.08 66909 512.01 602.11 668.30

236 411.65 69;023 546.58 631.19 688.61 66909 512.01 600.48 660.03

237 416.55 480.66 544.94 8490;9 8:2092 449.30 512.01 7;9045 653.65

238 419.82 480.66 544.94 621.52 8970;6 449.35 512.01 592.36 869047
247 411.65 480.66 546.58 634.41 8;3099 446.06 512.01 598.86 664.81

248 413.29 69;023 544.94 8490;9 683.86 446.06 512.01 595.61 653.65

249 418.80 480.66 544.94 626.36 8970;6 669092 513.66 595.60 652.05

258 628099 480.66 546.58 634.41 8;3092 66909 512.01 592.36 659.59

259 419.82 696028 543.29 640.83 89;033 664099 512.01 77;092 663.22

268 414.92 69;023 548.22 632.80 690.19 669092 513.66 598.86 663.22

269 418.18 480.66 544.94 634.40 8:2092 669092 513.66 8280;9 660.03

048 411.65 480.66 548.22 632.80 694.92 669092 513.66 600.48 661.63

055 414.92 480.66 558.06 631.19 8;3099 449.35 515.31 600.48 660.03

278 413.29 482.31 546.58 8490;9 89303: 669092 512.01 7;9045 652.05

279 419.82 480.66 541.65 645.64 8;309; 449.35 512.01 558.06 869047
058 413.29 480.66 546.58 84907: 8970;6 669092 512.01 595.61 652.05

289 411.65 480.66 548.22 632.80 8;3099 449.35 513.66 825095 663.22

28: 408.40 482.31 77;092 642.44 696.50 452.64 515.31 7;9045 894099
28; 414.92 480.66 546.58 629.58 8:2092 669092 513.66 600.48 656.84

298 414.92 480.66 551.30 632.80 688.81 669092 513.66 600.48 663.22

299 414.92 482.31 546.58 619.91 894099 449.35 515.31 592.36 645.64

29: 416.55 480.66 544.94 629.58 682.28 669092 513.66 602.11 655.24

29; 410.02 480.66 546.58 623.14 89303: 449.35 513.66 7;9045 645.64

2:; 418.18 480.66 544.94 8490;9 682.28 669092 512.01 600.48 655.24

322 414.92 69;023 544.94 632.80 693.35 449.35 512.01 602.11 661.63

323 413.29 69;023 546.48 632.80 694.92 669092 512.01 600.48 664.81

324 418.18 480.66 544.94 626.36 8970;6 669092 513.66 600.48 652.05

325 421.45 69;023 548.22 644.04 694.92 669092 513.66 600.48 89303:
334 414.92 69;023 546.58 631.19 685.45 669092 513.66 600.48 660.03

335 418.18 480.66 546.58 639.23 694.92 446.06 513.66 611.83 669.59

336 413.29 482.31 546.58 632.80 8:9025 669092 512.01 602.11 663.22

o 415.04 480.31 546.92 631.90 685.82 6690;7 513.01 7;9034 659.02

u 03.43 1.54 3.51 6.09 8.19 1.60 1.09 32089 907;

Vcdng"60"TgÞgevkqp"*T
i
) and Absorption (A

i
) peaks found through derivative analysis.
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6."7."36"cpf"37+."vjg"tgockpkpi"ukvgu"ujqygf"
c"unkijv"kpetgogpv"qh"]Ejn/c_"dgvyggp"20323"Î"
0.158 mg m-3 but still in the oligotrophic interval, 
according to the CZCS-NASA climatological 
monthly maps (Feldman et al., 1989) as seen in 
Vcdng"KK"cpf"Hkiwtg"40"Tgikqpu"ykvj"vjg"jkijguv"
]Ejn/c_" xcnwgu" ygtg" hqwpf" enqug" vq" Lcockec"
kuncpf"*ukvgu"47."48."49."58+"cpf"pgct"Jqpfwtcu"
*ukvgu"7:."9;"cpf";3+0

Moreover, applying OC4 algorithm to SeaDAS 
data tends to over-estimates the chlorophyll 
concentrations in relatively chlorophyll-poor 
ycvgtu."yjgtg"vjg"tgncvkxg"rctv"qh"vjg"uwurgpfgf"
matter and the CDOM in the optical properties 
qh"ycvgt" ku" jkij0" Hqt" uwej"ycvgtu." dgpgÝv" kp"
accuracy by using one algorithm or the other 
uggou" pginkikdng" eqorctgf" ykvj" vjg" dkcugu"
cpf"vjg"pqkugu0"Jqygxgt."yg"jcxg"ejqugp"vjg"
OC4 band ratio as it is recommended in the 
nkvgtcvwtg"hqt"c"nctigt"xctkgv{"qh"ycvgtu."kpenwfkpi"
ejnqtqrj{nn"tkej"ycvgtu0"

Eqpenwukqpu

TgÞgevcpeg"ejctcevgtkuvkeu"qh"vjg"Ectkddgcp"Ugc"
ygtg"cpcn{ugf"ykvj"c"jkij"urgevtcn" tguqnwvkqp"
tcfkqogvgt0"TgÞgevcpeg"urgevtc"ujqy"c"v{rkecn"
eqnqtcvkqp" qh" vtqrkecn" ycvgtu" ykvj" oczkoc"
at the blue region of the electromagnetic 
spectrum. This response is mainly due to 
the oligotrophic characteristics of the zone, 
ykvj" c" fggr" ejnqtqrj{nn"oczkowo" cv" ctqwpf"
329"o0"Vjg"rtgugpeg"qh"ejnqtqrj{nn"a can be 

guvcdnkujgf"d{"vyq"yc{u<"c+"xkc"Þwqtguegpeg."
d{" qdugtxkpi" vjg" urgevtcn" dgjcxkqwt" yjkej"
jcu" cp" cduqtrvkqp" rgcm" cv" 6690;" po" *dnwg"
cduqtrvkqp+"cpf"c"tgÞgevcpeg"rgcm"cv"8:70:4"po"
*Þwqtguegpeg"gokuukqp+="d+"xkc"ucvgnnkvg"fgtkxgf"
kphqtocvkqp0"Ucvgnnkvg"kphqtocvkqp"eqpÝtou"dqvj"
the homogenous distribution of [Chl-a] and the 
oligotrophic condition of the Caribbean Sea. 
TgÞgevcpeg" rtqÝngu" ctg"octmgfn{" kpÞwgpegf"
d{"ugcycvgt"urgevtcn"rtqrgtvkgu" htqo"822"po"
qpyctfu0" Jgpeg." gxgp" vjqwij" vjg" Ectkddgcp"
Sea is oligotrophic, the derivative analysis 
detects the presence of algae in an amount 
uwhÝekgpv"vq"igpgtcvg"c"tgncvkxgn{"uvtqpi"ukipcn"
ykvjkp"tgÞgevcpeg"urgevtc"cpf"ucvgnnkvg"kocigt{0"
Additionally, it can be concluded that most 
Ectkddgcp" Ugc" ycvgtu" ujqy" ukoknct" qrvkecn"
characteristics in open ocean, being higher 
close to Jamaica and Honduras. This paper 
contributes to a better understanding of the 
optical characteristics of the Caribbean Sea.
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Hkiwtg"70"V{rkecn"tgÞgevcpeg"
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