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ABSTRACT

Two predicti ve upwelling r adia nc e models are t e sted as
potential a i ds for interpr eting seasona l and/o r e ven t r elated
shifts in t he upwelling s pec t r a l signatur e of es t uar i ne
waters . Predi c ted upwelling radiance values a t 445 nm ( bl~ ~) ,

542 nm ( g r e en) and 630 nm (red ) from the Fort Pi erce Inlet o n
Florida's east c oast are t e ste d for c orrelation with ob s erved
changes in o ptical proper t i e s of the water COlU~l. Upwelling
rad ianc e values predicted by both models dec rea sed substan­
tially during the s umme r s a mpl i n g pe r i o d . At t he s a me time,
a signific an t shif t in di s tr ibution of p red i cte d upwell ing
radiance va l ues towa r d longer wavelengths was no ted . Th es e
changes i n s pectral signa t u r e are a t t r i b uted to de c r e a sing
conc entra t i on of ha r d - s cat t eri ng ino r gan i c mate r i al s wi thin
the wate r c o l umn during t he ca l m s ummer mon t hs a nd a corre ­
sponding i nc rease i n soft- s c attering an d se lec t i ve ly abs orb­
ing organ i c c o mpounds bei ng carried in t o the es t uary by
upland run-o f f d uri ng the rai ny season .

IN TRODUCTION

In r e c ent years , many pa pers have been p ub l i s hed , a t tempting
to relate r emo t e ly monitore d spec tral signa tu r e s t o aquat ic
environmental quality para meters (Kloa ster a n d Sche r z , 1974;
McCluney , 1975b; Klema s a nd Polis , 1977 ; a rid La wson e t a l. ,
1977) . As Morel a n d Prie u r (1977) po i n t o u t , t here a re tw o
major p r ob lems in e x t r a c ti ng qualita tive o r quan t i t a t i ve i n ­
formation .on .water quality f rom remotely sen s ed spec t r a l
signature s: (1) se pa r a t i ng t he meaningful in f o r ma tion from
inherent "noi se " detected b y the r emote sen so r a nd (2)
interpreting the spec t r a l compo s i t i o n o f a f iltere d signal
with r espe ct t o t he water ' s o p t i c a l proper t i e s , wh i c h in
turn rela t e to concen t r a t ions of d i s s olve d a nd s us pe nd e d
mater i al s . . Th is pape r d e a l s with the seco nd of t he s e pro­
blems a nd d is~usse s the a pp li c atio n o f tw o predi c t i ve mod e l s
in interp r e t i n g va ri a t i on s o f upwelli n g s pe c tral s i gna t u re s
from es t ua r i ne wa t e r s .
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Estuari e s , a s transition zone s , are e x t remely d i ve r se i n
terms of s pe c i e s and conc e ntrations of di ssolve d an d sus­
pe nde d mate rial in the water column. Condi t i o n s can c h a ng e
drastically ove r s ho r t pe riod s o f time as a r e s u l t o f such
factors a s wind , rain fall, tidal s tage a nd huma n ac tivity .
Fort Pierc e I n le t , s ite of this s t ud y , l i e s o n Flo r ida 's east
coast a nd i s o ne of t h ree maj o r connectio ns between t he sou t h ­
ern portion of the India n Ri ve r l a goon s yste m a nd t h e Atlan t ic
Ocean (Figure 1) . Predicte d upwelling radi a n c e /refle cta nc e
signatures a t three visibl e waveleng ths were c a l c u l a t e d for
this inlet based on optical measurements ma d e d u r i ng J anu a ry
a nd February 1976- 77 (La ws on et al . , 1 97 7) a nd July 1 9 77.

...L_
I · J . ~
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Figure 1 - I nd ia n River
La goon Syste m

Fi gu r e 2 ·- For t Pie rce Inl e t

PREDIC TIVE MODELS

Upwel ling r a d i ance/re flectance signature s were c a l c u l ated
using two pre vi o usly deve l o ped models. Thes e mod e l s a re th e
" Si n g l e Sca tte r i n g Model" (SS) , orig ina l l y s ugge s t e d by
Jerlov (1 9 6 8) a nd subseque ntly modi fi ed by Mc Clu ney (1 974),
and the "Qua si -Single Scattering Model" (QSS) de s c ribed by
Gordon (1973) . Deri vation o f both these mode ls has b een
extensively r e viewed e l sewhe r e (Gordon, 1 9 7 3 ; McC l u ne y , 19 7 4 )
a nd wil l not be presented here .

The ma j o r d if fe renc e betwe en these mode ls is t hat t he SS
model as sumes a ny light s cattering even t reduc es t he t o t al
downwell ing r adiant e ne rgy f ie ld . Th e QSS mode l , ba s e d o n
the strong f o rwa r d scattering t endenc i es of natura l wate rs,
assumes t h a t none o f the i nciden t ir radiance is lost as the
light ene r gy propaga te s downward .
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For ,1 t1 i 11fi n i t.o I y deep, J' n'lClCjenous oeeCl 11, till' ,; in q le­
scat.t.ered u pwc Lli n q ,;pec~:lal rad ia n co i," "iV,,'I; i)y:

T (0

Nc~ p" ,'t"l)" the u pwo l Linq o;pcct.ral r"dl [lce in air .r t;
wa v.. th s , cle t oc r.c-d at solar nadir (1!·l(jJt.~~) Gill (tl a "
T(D a ) t ran s rr i t.t.c n oo at the illr-seil LnL,y-face for
Ul''I'i"llin(! Li qh t.
'l'(OD) transmittance at the air-sea int.erface for
dow~wellinq light.
Ho(~) ~ the spect.ral irradiancc incident au a horizon­
tal sea surface due to sunlight.
G(~, ,,1), 0) = the sj;eetral volume ,,;cClttcrinq function
for wa vo l or.q t h ,\ ate solar ni.\dir .i n.r lo s

11 w.r t c r column index of r o tr ac c i on .
cU) Sill'.I1,-, s c a t t.o r inq extinction coefficient.

The sub"ccipt.,; "a" and "w " refer to 1 i.q h t: tdy'; tru vol io q in
air i1no ill w.r t.o r r o s pc c t i vojy . The ;;u['el':';C1 ipt o indicate"
we are ciln,:idel'i,ng the sUfi-only COJllI'Ollent of th" light in
this e q uo ti o n .

Transforrninq t.h i s c q ua t io n [or us o i.n an oCC:t~j [finite'
depth, but: w it.h zero bo r t.orn r c f Lo c t ivi t y yie,Ldc::

F ()) '1'0 .~~,~~ a )~j_(~\, t10_ijL~~'(~~~c ~_~~~~;~~,_n ] ~: ]

n) [l-coc, ~Jc

where R (~) has replaced N,1(~,Oa' )
welling radiance, To replaces 'I' (Oa)

("IS dCll0L i,l-lq thc~ up­
and Z ("jd,Jlo; depth.

The OSS mockl requires ca lc u l a t i ou s of: il

scatterinq coefficient (c*), which i ck

where:

'; i .s i n q Lc
ned ,};):

wa
b

c
the sin91c scattering albedo
(b '0 total scattering cocfflci','nL)
the forward s c a t t.e r i n q c o e r ticicrt.

Diffw;e 1<'flc:ctivity [rop)] of the L)(lttOlll i,; ckfincd a s the
r a t. i.o of 'l])\\cllinq to dowuwo l Li nq Li q h t. cno rqy just above
the bott"I'd (ncClullcy, 1974). DiscounLirj(J p(l'ci'IlLial multiple
r c f l c.c c i.c-n: lJ('l"l'(~Jl the bo t.Lom and til" air--". ,It, i n t.e r fc c c ,
c on t.r i b u r.L I,D I,he upwc Lli n.j .l i q n t field ,1\1<' I light

In ! hi:
l» ill

and

',,11. I (I:l, .vo u r c o dJl(~ St'n,C;Ot ':U~

:1',' '.'\'rt:ical JJJdI1C, th u.: '1 i 1 il

rl « ·alculdti(J;l;;.
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r e fl e cte d by the bottom may be gi ve n ,a s :

R (A)

Su bst ituting t he qua s i-singl e sca t teri ng coe ff i cien t and
th i s bo ttom reflectance calculation into the SS model give s
us the QSS model approximation :

R( Al
[l-e-c* [l- s e c Owl Z r (Al e - c * [l- s e c Owl ZJ

+ 0

c*[1-cos 8wl TI

Both the SS a nd QSS mode l i ng approaches are ove r -s imp l i f i ca ­
t i on s a nd c an be e xpec ted to in troduce c o nsiderable e r r o r in t o
e xac t ca l c u la t i o n s of downwe l l i ng o r upwell ing energy f ie lds .
Thei r simp l ic i t y , howe ver, s uggest s that t hey ma y be us e ful as
a naly t ica l t ools for r.e la ti ng r e motely observed upwelling
spectra to wate r quality conditions .

METHODS

Fo ur sta tions i n Flo r i d a 's Fo rt Pie rce Inle t (Fi g ure 2 ) were
sampled d ur i ng January-Februa ry of 1 977 (Lawson e t a l . , 1 977) .
Th e s e same fo u r s t a t i o ns we r e r e s a mpl e d in J uly of 19 77 .

Eac h stat ion wa s occup i ed a t o t al o f s i x times d u r i ng the
wi nter s t udy , a nd f ive t imes in t h e s ummer sampl i ng . In
ord e r t o p rese r ve their optical inte gri t y , samples were
p laced i n l i ght tight con t a i ners , tra ns por t ed to t he labora­
tory a nd a na l yzed l es s than two hours afte r c o l le c t ion .

Al l optica l measure me nt s were t a ken a t thre e wavel engths ,
blue (44 5 nm) , g ree n ( 542 nm) a nd r e d ( 63 0 nm) . These wa ve­
l eng th s were chosen because the y e nc ompass th e visible r ang e
o f t he e lec t romag ne t i c s pec t r um a nd are conside red t o be in
the r ang e cons i s t e n t with absorp tion maxima and min i ma of
organ i c c ompo unds (Mo r e l and Pr ie u r , 1977) .

In situ bot t om reflectivity was de te r mi ned a t e a c h s tud ied
sta t ion , using a r efl ectance pane l ca librated to Nationa l
Bure a u o f S ta nda r d s speci f i ca t ions b y the Remo te Sen sing
Divisi on of the Ken ne dy Space Ce nter. Durin g the winte r
study , e x t i nc t i o n coeff i cien t s were de termi ned f rom pe rcen t ­
a g e t ransmiss i on data t aken i n s i tu us i ng a Hyd r o Produc t s
Tran s mi s sio me t er e q uipped with narrow ba nd -pas s f i l ters .
Summer e x t i n c t i o n coe f f icients we re determined us ing a
Va ria n 63 5 d ua l beam spec t r opho tome te r . This instrument was
ope rated a t the maximum spect ral band wi d th of 2 nm using a
5 c m sample cell.

Vol ume sca t te ri n g funct ions we r e ca lcula ted us ing a Br i ce
Phoe n ix light s ca t t e r i ng photo me t er , wh ic h has a n a ng u l a r
me asu r ing ra nge from 35 ° to 150 ° . A 75 wa t t , tungsten­
ha loge n li ght source was us e d in this stud y, r e placing the
standard mercury ligh t s o u r ce o f the i ns t rume n t . Th e
t ungste n- ha logen sourc e p r o d uced light over the ent i r e
vi sibl e spec t r um, th us pe r mi tt i ng us e o f spec tra l ba nd- pass
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f ilte rs having pea k transmitt anc e s in t he p rev ious ly s ta ted
wa ve l e n g t h r an ge s . Vo lume scat te r i ng f un ctio n s ~ere de te r ­
mi ned a l 4 5" . 9 0 " a n d 1 3 5" f or e a c h wave l e ng t h st udi~d .

Th e ang ul a r ra nge of b a cksc al t e r ed light , upw e ll ing from a
wa t e r c ol umn a nd a va i l a b l e f o r de t e c t i o n by a n airborn e re ­
mote s ens o r . is ass ume d to b e 12 0 " < a· < 150 " . Vo lume
scatte ri n g f unc tions a l t h e spec i f i ~ at ; ccup i ed by a
the oret i c a l remo te op t i c a l sen so r dire c tl y o ve r head . we re
i nte rpol a t e d f r om the me a s u re d vo l ume sca t t eri ng . f unc ti o ns
and Pe tzo l d ' s (1 9 7 2) e mp e r ica l l y der ive d vo lume scatte r i n g
c u r v e for turbid waters (La ws o n, 1 9 7 7 ).

Ca lcu la tio n of t he q ua s i - s i ng l e s ca t t eri n g exti n c ti o n co ­
e f f icien t (c *) r e q uires v a l ues for t he sing l e sca tter ing
a l bedo (wo ) and t he f o rw a r d sca t te r i ng c o eff ici en t (F ) .
Si nce ins t ru me ntat i o n neces s a r y to di r e c tl y me a su r e Wo a nd
F i n si tu wa s not avai l a b le . a p red i c ti ve f un cti on fo r woF .
bas ed u pon t h e me a sureme nt s o f e x t i nc t i o n (c) a nd s c at te r i ng
( BO) wa s d e v e loped . Pe t zo ld ' s (1 972) val ues f o r wo F r e la t e
li ne a r l y ' 0 In 8 ', , wi th a' c o r r e l a t i on coe f f ic ien t o t . 8 9

c
(p ~ .0 5). So lvi ng fo r the r e g ression c oeffici e n t s p r o d uc e d
t he f unct i on :

wof' = . 8 76 - . 0 2 8 2 l n B" (Lawso n . 1977 )
c

Thi s e x t rapo la t ion s howed an ave r a ge e r r o r of 9 % when t e s t e d
a gainst a l l samp l ed wate r ma s s e s (P etzold , 1 9 7 2 ) . More
t u r b i d wa t ers e v idenced l e s s e r r o r betwe e n p re d ic ted and
measu r ed woF t h a n d i d ocea n i c wa t e r s (Laws on , 1977) .

RESULTS

Scat t erin g a nd e x t i n c t i o n f un c t i on s for n a tural wate r s a re
well d oc u me n t e d (Tyl e r . 1 9 6 1; Dun t ley , 1 9 6 3; Je r lov , 1968 ;
a nd Kulle n berg , 1 9 7 4) . Altho u gh there a r e loc a l var i a tion s ,
s cat ter ing fu nc t ions cons is t o f s moo t h curves s howi ng d omi ­
nan t forwa r d s c a t te r i ng , a b r o a d min imu m betwe en 9 0" a nd 1 30 " ,
a n d a sl i gh t inc r eas e in b a c k s c atter a t an g l e s g rea te r t ha n
1 30 " (Fi g u r e 3 ; a , b a nd c ) . Ex t i nc t i o n fu nct i o ns . b a s ed
upo n pe rcent t ra nsmi s s ion o f th e incident i r r adian c e , s l o pe
downward and become ho r i zonta l ly as y mpo t ic as d e pth incre a s e s
(Fi g u r e 4 ; a , b a nd c ) .

Vo l u me sca tte r ing funct ions we r e l owe r d u r i ng the summer
mon t h s at all waveleng t h s (F i g u r e 3; a, b a nd c ) , i nd i c at ing
a r e d uc tio n in conc e nt ra t ion s o f inorgan i c (s o c a l led "h a r d
s c e t.t.e r i.n q "} mate r ia l in the wa te r c o lumn. Ex t i nct i o n c o ­
ef f ic i e nt s were s l i g h t ly l o we r a t the g ree n wa vel en g t h a n d
cons i d era b l y lowe r a t t he r e d wa ve l e n q t h d u ring t h e summe r
sampl i ng period , but higher fo r t he b lue wavelengt h (Figu re 4;
a , b a nd c ) .

Th e u pwe l l i n g s pect r a l s ignat u r e p r e d ic ted by both the S5 a nd
QSS mode Ls f or the For t Pie rce In le t c h a n qr -d d r ama ti ca l Ly
betwe e n s a mpLi nq p e r i ods (F i g u r e 5 ; a a n d I,) . Up we l J i n q
r a d i a nc e s !>red i c t e d during winter mon ths e xc eetl that p r e d i c t e d
f o r summer n.o r, t h s at a l l wave l e ngths t e s t e d . Jd n ua ry 1n d
Feb r uary u ; ,\"e lJ in g ra d i a nce value s p rocl i c t e d b y bot h mode l s
we r e f a i r J : u r-i f o rm among t h e three wave length " . P r e di ct e d
spec tral ~ ' « ri.r tu r e s fo r Ju l y c l ea r ly r e fl e c t e d th e i nc- r c a s e d
a b s o r p t i o n of b l ue l i gh t wi t h i n t he wa t o r c o l umn . R; Lia s o f
upwelli ng " d v e r s u s bl u e wave l e ngth r a di anc e ra n qr -d from
1. 26: 1 in 'i n l" '" t o 2 . 09 : 1 i n s umme r .
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Figure 3 - Avera ged vo l umn scattering f un c t i o ns from Fo r t Pi erce Inl e t during winter a nd summer
s a mpling s .
a) VSF f or 445 n m
b) VSF fo r . 5 42 nm
c) VSF f o r 63 0 nm
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Figure 5 - Predicted upwelling r a dianc e / r e flec t anc e value s
from Fort Pierce Inlet durin g summe r a nd winte r
s amplin g pe r i ods .
a) 55 model predictions
b) Q55 mode l predictions

The uniformity in predicted upwelling radia nce/reflec t a nce
values , characteristic of the J a nua ry - Feb r ua r y s ampling
period , c a n be i nterpreted as indicating a hi gh c o nc e nt r a t i on
of inorganic light scatteri ng . material in the water c o l umn .
Thi s a s sumption is supported by the fact t ha t winter months
are tra ditional ly the most s t o r my along Fl o r i d a ' s so u t h ­
eastern coast , a nd increased wave ac t ion can be e xpec ted t o
r esuspend large q uant ities of i norgan i c sedime n ts i n t o the
water column .

Re d uc ed upwelling radiance in the 44 5 nm wa ve length r ang e
pr ed i cted by both the 55 and Q55 model s f or the July sampl i ng
period , points to substantial incre ase s i n s e lecti vel y a bso rb­
in g mater i al within the water c o lumn . This fact c orrelate s
with known increases in yellow humi c subs tance s , t a nn i ns and
lignins obs erved in Florida e s t ua r ies duri ng t he ra i ny
season (Apri l t hrough October) (Ma ynard, e t a I. , 1 97 5) .

Both mo dels reflected actually occurring c ha nges in t he
mechanism of radian t e ne r gy tra ns f e r in Fo r t Pie rce Inlet .
Upwelling r adiance/re flecta nce values pred i c ted by both
models s ho u l d correlate well with the upwelling r a di ance
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values detected by a remote sensor, assuming a sufficiently
high signal to noise ratio.

Incident light energy produces a much stronger return signal
in predictions by the QSS model than those of the SS n~del.

This results from the introduction of the bottom reflectivity
factor. Since bottom reflectivity makes an invortant contri­
bution to upwelling radiance in shallow coastal areas, the
QSS model can be expected to yield a more radiometrically
accurate prediction for this environment. In areas of very
clear, shallow water, multiple reflections between the bottom
and the surface introduce additional errors into predicted
upwelling radiance values, hut t.h c s-, e r r o r s are more 1;1'0­

nounced with the QSS model.

It is generally accepted that t ho peak a f the color ~;flectrum

of natural wa t c r s s h i f t s toward red in r o q i.on s of hi q h
organic loads. The reflectance of longwave spectral radiance
also increases as a function of the amount of suspended in-
o rqa n i c sediments in the water column (Clarke and Ewi nq , 1974;
McCluney, 1975). Unfortunately, conflicting optical mechanisms
are responsible for these observed spectral shifts, thus pre­
venting the formulation of a direct relationship between
changes in reflectance and concentration of organic material
or suspended sediments without first performing spec1fic
optical and chemical measurements on the waters in question.

Spectral s i qn a t u r c shifts seen during this study indicate
that r a t.i o i nq upwelling radiance of various s pcc i f i c wave­
lengths is the bo s t. a pp r oa c h to remote water quality anulysis.
Shifts in the r o l a t ivo spectral composition of the upwo Ll i nq
energy field may be used ~s indic~tors for such seasonJI and/
or event related wa t o r column c h.i nqc s as .i.nc r c a s o d u p Ln n d
run-off, intense storm surges or planktonic blooms.

CONCLUSIONS

Fidelity of both modeling a ppr o xi ma t i on s in rcflc·ctinq
chemical and physical changes of the dominant liCJht "ttcn\!­
ating substances in Fort Pierce Inlet, shows considerable
reliability for both Jpproximatiol1S as an~l~'tlcal tools.
?redictcd llr~clli:lg r2Ji2nce valllcs should corrc12te c:os01~'

~it~ t110SC dc~cc~(~~ b'," ~ ~c~ote sc:~scr, 3SS~~'~~c ~ 5:~:::::-

.: s :;:~ c~: s ,:1 ~.

0: -.......,:·':":.1:....: ....... ,~'l::y ~-:"',,-'>. \·~':·.,::-.:s ..:-"'l-~-::~:~_i'-~,·l..:..lr :-:''-.... '-... ~.....-, .....~'2_1::_"-- ....~ ·,\·.-:.~_':...~'~ ..s .
~his r e s c a rc h sh<..-l',,"s t:l:1t 50350::031 vi r i a t i o rs in c o n c c n t ra>­
tions of o r q.m i c a nd i no r o an i c s uo s t.anc e s may alter: t r.c
spectral siCjnatures of highly productive estuarine or near­
shore waters. The existence of sucll season<Jl and/or event
related variations in the upwelling spectral radiance
emerqing from estuaries and coastal inlets is an important
consideration in any attempts to relate nearshore water
quality to remotoly monitored spectral data.
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values dete c t e d by a r e mote s e n s o r , assuming a s U~f ic ie n t ly

hi gh signa l to noi se r atio .

Incident l i ght e nergy p roduce s a muc h stron ger ret urn signa l
in p redi c t io ns by t he QSS model t ha n tho s e of the SS mo d e l .
Th i s r e sul ts f rom t he i n t r o d uc tion o f the b o tto m r e fl e ct i vity
f a ctor. S ince bottom r e f lec t ivity mak es an i mpo rta n t contr i ­
bution t o u pwel l ing r a di ance in shallow coa s t al a reas , t he
QSS model c a n b e e xpec ted to yield a more r a diometric all y
a ccurate pred i ct i on f o r t hi s env i r onment . I n a r e a s o f ve ry
cle ar, shal l ow wa ter , mul tiple r e fl ectio n s betwe e n the bottom
a nd t he sur f a c e i nt rod uce addit i o nal er ro r s i n to predicted
upwell ing r a dianc e va l ues , but the s~ e rrors are mo r e pro ­
nounced wi t h the QSS mode l .

It i s g eneral l y accepted that the peak of t he c olor spec t r um
of natural water s s h if ts t oward r ed in r e gion s of hi gh
organic l o a d s . The r e fl e ctanc e of longwave s pe c t r a l radiance
a l so incre a s e s as a fu nc t ion of t he amount of sus pe nde d i n ­
o r ganic s edi ments in the water c olumn (Cl arke a nd Ewing , 1974;
McCluney , 1975) . Unfo rtunately , co n f l i c ti ng opti c a l mechan isms
are re s ponsible for t he s e obs erve d s pec t ra l sh i f ts , t hus p re ­
venti ng the f o rmu lation of a dire c t relat i o nship be t we e n
change s in r efl e ctance a nd concent ration of o rga nic mat e ria l
o r s us pe nd e d sedi men ts wi t ho u t first performin g spe c i f ic
op t ical and chemica l meas u r e men ts o n the wa te r s i n question .

Spectral signat u r e s hif ts s een dur ing this study indic at e
tha t r atioing upwelling r adiance of various spec if i c wave ­
l engths i s the best app roa c h to remote wa te r q ua li ty analy s i s .
Shif ts in the r elat i ve spec t r a l composi t ion o f the upwell ing
energy fi eld may b e us e d as indicators f o r s uc h seasona l a nd/
or e ve n t r elate d water co l umn changes as inc r e ase d upl and
run-o ff , inte nse storm s urge s or plan k tonic blooms .

CON CLUSIO NS

Fi d e l i ty o f bo th mod e li ng app roxi mat ions i n r eflec ti n g
che mi cal and physi ca l c ha nge s of the domin a n t li ght a t t e nu ­
a t ing substanc e s in Fort Pie r ce Inl et , shows considerab l e
reliabi li ty f o r both a p proximations as a na lytical tool s .
Predicted upwelling r a di ance va l ues shou ld correlate cl osely
wi t h thos e de t e c t c d bv a r e no t e s e n s o r , e s s uru nc a. s u f f i c i >

entl y high si gna l t o ;oisc ratio .

Cl ..l ':-:' t:? ari d E;"'-l nS ( 1 9 - ';) , 3;:)C':1g c t he r s , h a ve ~:-. :" .\':-: : :-: a: :::~ =-t2'

i s 3~ ~asil ~' ~0t0 : :~~ :C ~i ~ ~e ~ e ~ ~e : ~ :~e 5F ~ 2:~ 2: s : ~ ~ ~: ~:~s

of ~~~3nl~a!1~' r : : ~ : \' e~ s ~:s or;3~i23! 1~' FOc~ c=e a~ l C ~a: C~5 .

Thi s r e s ea r c h ShO~5 t hat seasonal va r iatio~5 in c once ntra ­
t ion s o f orga nic and ~norgani c s ub s t ances ma y a lter the
s pe ctral s i gnatu r e s of highly p rod uc t i ve estua r i ne or ne ar­
shore waters . The ex iste nce o f such s e asona l a nd/o r event
r el a t ed var i a t ion s i n the up we l li ng spec t ral radia nce
e mergi n g from e s tuar ies a nd coasta l in lets i s an impor t ant
cons i deration i n any a ttempt s to r elate nearshore water
q ua l i t y to r e mote l y mon i tored spect r al data .
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