REIARZHR HS5E6FH2M Journal of Taiwan Agricultural Engineering
FERKE 98 6 Atk Vol. 55, No. 2, June 2009

SPOT # 2 H A AU A KRE AKX
&3 IR

Assessment of Coastal Water Quality Estimation
Models Using SPOT Imagery
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ABSTRACT

In this paper we present an approach to coastal water quality mapping using remote
sensing images. Coastal area at the outlet of the Y uan-Shan-Tsu diversion tunnel in northern
Taiwan was chosen for this study. The coastal water in this area was considered as the
typical Case Il water. Conventionally, univariate model is often adopted for water quality
estimation using remotely-sensed data. However, the water body is a mixture of seawater
and other constituents including suspended solids, color dissolved organic matter,
phytoplankton, etc. The sea surface reflectance of a specific wavelength is affected by the
combined effect of these constituents. Such wavel ength-dependent combined effect should be
taken into account in a water quality estimation model. Therefore, the multivariate model
is proposed in this study. Comparing the results of the univeariate modd and the multivariate
model, the multivariate model is found to have superior performance. For estimation of
secchi disk depth, turbidity and suspended solids, the signs of regression coefficients of the
surface reflectances in both models are consistent with the physical phenomena normally
observed in natural environment. Chlorophyll-a concentration (Chla) cannot be properly
estimated by either model. The poor estimates of Chla are probably due to their extremely
low concentration level (0~3 wg/L). In addition, non-algal particle (NAP) and organic
dissolved matter are dominant factors in Case Il water, and, as a resulted, estimation of
Chla in Case Il water using remotely-sensed data is less gpplicable. The multivariste model
proposed in this study is superior to the conventional univariate model, and has been
demonstrated to be highly applicable for coastal water quality monitoring.

Keywords: SPOT Imagery, Multivariate Regression, Model Comparison.
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1 KPEFRR aimE L AT (Rundquist, 1996)

V77 S SR RS UV T A o PR /K HEAH P
B N EKERREN R - B SE BRI A
B BELE S G R SR KRR RS
[l ~ B B R a S K E A el A ) [
RO A 2 e TS R K B K B B
WA 180 A % B #F 2 5 D B € 4l (Verdin, 1985,
Ritchie and Cooper, 1988; Cheng and Lei, 2001;
Giardino et al., 2001; Ostlund et al., 2001; Kloiber
et al., 2002; Wang et al., 2004 : ZEfH5H » 2001 : 52
27E > 2001 : PREEEY - 2005 : HBEHE > 2006 ¢ 3
T » 2006) °

R SR K H A T B AE AT B R —
$f (Case 1) Bl 55 — % (Case 11) /K # (Morel and
Prieur, 1977) > 25— FE/K O CER M E £ SR
HE ) (phytoplankton) A 2288 » SRE—f SRR 7k
He > BRI R K 2 et SIS R - 25 "
KB B BRI DLIE v R R I KT (non-algal
particles, NAP) £ » FIATNT /7 /K #8745 5 2 B
YIRS - B E KK

B RUKERD R ERTRE NAP R
EIRE - RO~ ALCBLERLI GBS ZR E T
[AIRF Sk 38 a iR # TR /K T SN 2R (1 5 B2 KL EA
BAJF{K(Lodhi et al., 1997; Doxaran et al., 2002,
Oyamaet al., 2007) °Oyama (2007)1F =& NAP JE
IR AANFERR SR EE . a (0~105 uglL) » °
B R & K I S AR 841 (400~950 nm) 0 5
REUTE NAP RGN » BHK i S 2R
BB BT ARk a iR LE >

A AR (PR B RR T e A > 3EIH 8 — Rk
EhkF a REMFFETERF BN -
Rundauist (1996) LL'CAE (3 B HIAN Rl #E4% R a RS
T (156~277 pg/L, 340~2190 wg/L)Z 7K I S &t
A flESREURIE R a iR » Aot BLTHL
IR SCI B SR T E o B ' BT IR B S S 4
R Al 1 Fro o [ 1 HPEERRES SPOT fi 2 A
[ %% ¢ (500-590 nm) ~ #L ¢ (610-680 nm) BT
KLIME B (790-890 nm) I R HilE - - difERk
F a RN SO RHEUE SR (340~2190 uglL)
A B R FHEE AU FERKIR T (156~277 ug/L )
B B AR o — e UK S a s &
B{K(0~3 pglL) » TEfkH a RS CEEFHEEE T
B B A S U ER -

(] B [ 71 I 388 0 3 oY S BT 1 7K
HEAL T IRERBA SRR > DUBE— 7Kk B A s A B
N7 7 HEAG R R Z [ F (K horram, 1981; Khorram
and Cheshire, 1985; Catts et al., 1985; Tassan, 1987,
Rimmer et al., 1987; Prangsma and Roozdkrans,
1989; Bagheri and Dios, 1990; Khorram et al., 1991;
Lavery et al., 1993; Pattiaratchi et al., 1994;
Populus et al., 1995; Harmé, et al., 2001; Hellweger
et al., 2004; Cannizzaro and Carder, 2006) ° 3 1
F) H i ot B i X 1 2 A B R AT -
SRTI » AT K HP e H EBERR R RERL ~ VR
PVIEA AR B E (CDOM) S AE AL » 1848
Yra e AHRE B A BRI AR - IRIEE R KE
At A XSS /K VD K T RO AR A A R
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P Tk KA

ZEAE BB E KE G # X SRR
Flaming Gorge Reservoir | MS SSD, Chla &%~ AKX | Verdin, 1985
Moon Lake MS TSS %X Ritchie and Cooper, 1988
Iseo Lake, Italy ™ SDD, Chla %A X Giardino et al., 2001
KAl K SPOT SDD, TP, Chla, Turb | %k ~ 53R | &4k, 2001
Erken Lake, Sweden T™, CASl TSS, Chla R~ %8X | Ostlund et al., 2001
Four lakesin Finland AISA*, MERIS | SDD, Turb, Chla %A X Koponen et al., 2002
Lakesin Twin City ™, MS SDD EEE 4 Kloiber et al., 2002
Frisian Lakes T™, SPOT TSS ¥ Dekker et al., 2002
Shenzhen Reservoirs ™ TOC, BOD, COD %X Wang et al., 2004
& kR @t =% TSS, Turb, Chla %X 3 % 7%, 2006

A BT 0 KA

LA R % KREEH XN TER
San Francisco Bay MS TSS, Turb %A X Khorram, 1981
Neuse River Estuary MS SAL, Chla, Turb, TSS | 458X Khorram and Cheshire, 1985
San Francisco Bay Daedalus* Chla %E X Cattset al., 1985
Adriatic Sea T™, CZCS TSS, Chla R Tassan, 1987
Swasea Bay NERC* TSS, SAL R 5 Rimmer et al., 1987
North Sea AVHRR TSS R Prangsma and Roozekrans, 1989
New Jersey’ coast ™ Chla %A X Bagheri and Dios, 1990
Augusta Bay ™ SDD, Turb, Chla, Temp | %X Khorram et al., 1991
Western Australia Coast ™ SDD, Chla, Pha #¥¥ -~ AN |Laveryetal., 1993
Western Australia Coast ™ SDD, Chla T # Pattiaratchi et al., 1994
Indonesian seas T™, SPOT TSS, PIG FEE o8 Populus et al., 1995
Lakes and Coastal water in | TM, MODIS, . L
Eirand MERIS SDD, TSS, Chla, Turb | 378 X, Harmé, et al. 2001
Gironde Estuary SPOT TSS EEE 4 Doxaran et al., 2002
New Y ork Harbor TM, MODIS | SDD, Chla R Hellweger et al., 2004
Florida near-shore area SeaWiFS Chla Fk ~ 428X | Cannizzaro and Carder, 2006

* Airborne Sensor

MS: Landsat Multispectral Scanner; TM: Landsat Thematic Mapper; TSS :

WRBGFEIR s Turb: B - SDD = W HBREE ¢

Chla ¥4 % ai® /& : PIG : Total Pigmens: Pha: Phaeophytin: SAL : B & : TOC : 44/ #4% : BOD : £1t % A% : COD :
LEERE : Temp: K& : TP: 45
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HEREETOMN - RFIE R R EKIE
B2 > S M el B B 3 3% 37 — R B A OE
(Radiometric Correction Area, RCA) » #& & il & ]
BRI R SN 281 - O RRRHEUK T 2 SRR
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2.2 BREDHGEE

KT EE 2 K E BB TBEE
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fRrIfERI Y EIRE  HEEAHREREYE - 8
JEE F) B IR DL 2 3 /K BB IR S K TP P B it

B 5 B AG R » HAEK/NELKH NAP B CDOM
ERARM > BN SRR AL SR
Bdyh e AR ORI o [RIFEAEAEAHRR 1 » SRR a iR
BRI & B B S RHRR - 8 P MG ke
A REERIR -

KB bl B R AT EGE BR (R B B S b
IR A 71 > War e BN DD o &0l » Bl
ALERA R s v IR FH V5 3 1(2100P, HACH » 3
B &l > {75 NTU (Nephelometric Turbidity
Unit) » -t K B EUR B 215 AR
MR k02 & (U2 ~ TR E) 2 B TRAEAE U A
(Whatman GF/F glass-fibre filter, 47 mm diameter,
0.7 um pore size)# /KL » UEF % A 103~105
CHEH iz R IR - HATH 2 B = A AaRE
VPR > BALES mo/L s BERR R a iR E IR
IKER RS S FERBAE IR % - LB ZERE F b
ZEERRF a0 RO ERRIS DR AR L AT
FA bt 2 O » SR R EEE T R K R TE
fF% ad i > BAIRug/L - FEfER a iR AR
V7 [ BB TS o

Bz (96 F 7 H~96 1 12 H)HLHEST 8
ZOKBEREELAE » MASFEEEREER] SPOT
o AlE > HHEI RIS 2 o ffF7eiEFEAe
J7E = 2K iR\ (2 EE > A B A 0 v i R et R
A BILF U - st G
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3.1 EEEVIEER

TREICER R 43 B [ A B2 E (1OP) B A
DL EE (AOP) » |1OP BL/K HVE B & B AR
BiL ] [ YE 5 S > FERHY 1OP A & /K BE IR 1%
#(absorption coefficient)BL 7 FE 55 K B (volume
scattering function) > FERE B YEEE K #EIT
2 > AMATAE oAt 10P = AOP HIfR K H)'E . & &
JEGME - H 2B SRR EETREE M
A A K BRI (Mobley, 1994) » HryaE
& 1 5 5175 (spectral remote-sensing reflectance) Bl
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&2 BEKEREKEH

kA M SPOT #4464 B 4 8 A FE ok (md)
96/7/2 96/7/04 (SPOT-4) A 0
96/7/18 96/7/19 (SPOT-4) A 0
96/8/15 NA® A 0
96/8/23 96/8/23 (SPOT-5) % ha He J(8/16~8/19) % @ R 0
96/9/7 96/9/03 (SPOT-5) A 0
96/9/20 NA? * 3 e B8 B(9/17~9/19) 1,051,200
96/10/8 NA * A 5 5 He BL(10/4~10/7) 16,133,400
96/11/14 NA A 0

a AREAMIMEANGHEYRATRELE LB RAENR

* BTt A H (kAR E 63 A R)

U5 Mobley(1994) {3 S 25 (1) 5

)= L6.9:9,.0.7)

R<(0.45.9,.0,4 0

HAL (6 ds 87 0, DIBEBEKIRSTRE (water-
leaving radiance) > OF3{# E LA (view angle) * ¢,
BIRHIZRTTAIA » s BRI TINIA > o Bk A
55 T B AR A > E(A) R K I ASE
B & (irradiance) > A B R o SR 2 RGIZS A
FRUPIEE 2 (Ls(6, 67, )P FRTES

Ls(91¢21)‘) = L(0!¢51¢210-1)”) : Tz(l)
+L,(6.¢,.4)

L () 5 B K B e 2 5 K SR 1 2 R
EI KR EER » L6, ¢y, NEARHIFE
E R T HE RSRUE B 2 RO 2 RS R > X
M5 AR EATHRES & (upwelling radiance) B % 1K
T4} & (path radiance) o BE/K BEETHRE AT A /355
K5 NS 2 2 [ B & > BLR SR T Tl S &
e 2 [t & > AN (3) 2 B B — TH B AR
— 15

L(0!¢SI¢Z ,O',ﬂ,) = ETop : Tl(/l)
R.(6.95.9,,0.4)

T

-COSO -

TF-E,(A)- —Rf‘)

EH o B BHIER ARG THZ K5 ABRS
& ()R A ER B R K RIE 2 T s
285 Ep(A) #fH KA T STl & > AT 65 & fiE
(RREGTTALE OO - F R FERR 1 - %
MiF AT Al cos(o) FHSRHEMER TS 76
B o BEsHI TR 2 S GRS T [ SR > 3R
[HEESAT RS B(R (0, ds 6, ¢2, A) = R(A)) ©
H/NEEIT 7RI S BERR T TP
T R EINT o BBSHES R (L6, ¢, A)H
KRBT ER ()RR EE - ANAB
TCALE T o G & GoT 2 iRST B 253
G 2 B/ NIEST B (Lin) > BE TSRS B2 0E
FIVRTYB4 (B Lo(6, 62, A) = L) » LEEIER/ NERE IX
&2 (Minimum Histogram Method).< [ ffl (Chavez,
1988; Cheng and Lei, 2001) ° #(3) =LA (2) 2%
BRRHER s

L's(4)=Ls(4)-L,(6.4,.4)
:{Emp -cos(0)-7,(A)+Ep (1)

T

(2) [R.(4)
“K-R.(4)
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F K RS » [ E RS 2 e
SIS SR B » L2 AR R
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Heft o U'A() BIRgtHEbE fy s TR 20

HIPRESIE RS &) » R Fels s s 2 S 28
(R(A) )T FRT
B ng(l)_A
A== A) e, 6
R:(4) LQ(A)RS( ) (6)

3.2 SN EAETLLISE

e B A8 /KO A X 2 PR P B R =
(Simple Regression) » A Z /<41 T (Johnson and
Wichern, 2002)

Yo = Loty " Blpsapa T Ena sreeresesssessssessnnines (7)

Hrfy, BE—KESHn BEREB 7,000
B B B o B B B B BT AR
(Z=[LR]) > p BEESBIEAR > By BEER
R > £, PR AR o

KPR RS SR KGR % 8 R
JEfF(Multivariate Regression) 17 » 5 2 A] 4
X (Johnson and Wichern, 2002)

Yom=2Z

nxm nx( p+1) ’ ﬂ( p+1)xm

Hrfry, 5 HEAS IR - bl 5 K B A O A
(Y=[SDD, Turb, TSS, Chla]) » m /K & &8 5
(Mm=4) nBEREB(N=25) 7 Z o B EEE
FEReE > BB SR B BIOH(Z = [LRy, R, Ry])
T RIF AR () ~ KLYE() BRI in)
Bt p BB AAEEE (P =3)  Bpapm BREE
TREUERE - ¢, FRUS A2 AR o 25 %0 i A5 X B B A
BRI T EERER SRR E Sk
AR AR SRR o 777 B AT R
R SRR o

e i A o R A P £ 77 T R
B/ INF7EEE S O) .

F E iy e (8)

p=(zz)"zY

B T Bk o B A A X B 2 A
72 g B ECHR I R T £ 75 L3R 72 (Root. Mean
Square Error, RMSE) » @1(10a)=X, © RIM & 7K B %
S5 L7 L R P2 A () 7 {7 L (e
BRI - DU AR A2 R LA S B R A R
M - B EAFEALIE 7 AREEE (Normali zed Root
Mean Square Error, NRMSE) » 4[1(10b) =, °

X FRBIHNE » X FRHERLE - k BERAEE - x 53

BRATIIE -
Y« fEE R EERT A

BilEm I vD Ay B R R R (Rl AR B K A R
IFEHSE CDOM HR - Bubar iR - EE e
TR (] o i A B 2 [ PE A T BB RAR 5 1E
ERUKHET - BRYEEL CDOM R ELIR
MEPI(BEEE kR a RIS H )RR BOER R a
IR BE TR SR UK TR R L B H K B A
B o Eh=E A TKEE R 61 E(E 5 Eba
ARFZ(ERLER) » AT KB A I i B
RAN=N(11)~(13) » & EEFRHIRTE 0.001 [HHE 7K
W EEEE - [ 3 AR - B BAERR
U7 o D 55 A A A B S [ o VS BV D A AR R
SEEN S ECRAR + B AR R R[S B 1 H B
PRAHE G BRI RR R 7 SOk H s ol B2 i
(Lewis, 1996; Grayson et al., 1996; Pavanelli and
Bigi, 2005; Gao, et al., 2008) : #& &2 [ #E Bl ) 2y
AR E RS 2 HERAR - RIFERR Y2 [E e kS CDOM
&' {H CDOM & R8s » i
FE P[] S By D = M8 R P 10 R S v 5 B
AR IIRAGR - BERkE a VRS B (AR (%
AR o Lt B oirnd LB 28 — KK
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& 0 A

4 KEFEELTES R FIRENRB (8 SOD : (b) Turb : (c) TSS: (d) Chla

In(SDD) =1.71-0.5In(Turb), R*=0.71 (12)

In(TSS) = 0.86+0.77In(Turb), R®=0.52 ....(12)

In(TSS) = 2.97-1.21In(SDD), R®=0.45 .....(13)

4.1 EBEEKEEN

3 25 I P S A AT P RE BRI K B K
HEfy > 25 PR A B — 7K A B A G 1 4 i AR
20 B I Py AF ST R A R B e R R S
(Multiple Regression)f £ 2 F R » HAYA AT
BEANE =R 1) HARZHELAME
(Polynomial model) » H: 1% B A BT B %
1T 957 8% BICHSF 15 B S8 B 5 B o (P A B A T
R AR S R IR Ui =t 5 B

FH A 1 i 20 T CHE R K R o iR =i 1
L DL f pe i P S K A B R 1 3R
— FaFEHE £ (Exponential model) » B[ /K B LAY
EIORE > DU — I B sl B LU AR A A
TR BB R X (Power model) ¢ HlIZKE
A BB S S B 2R I Y ORI > DA — YR B
2o {1z B R A & B BB BT U - $5
St X B sl A P 0 I BB Bl B B —
U B B B EUAE » AEHEAG M ZRIE L BTAT & 2R
WIRE IR > R RAITTFE e g o
ARSCAERENT B A KRR - A ke
AN B4 U Bt S A AR BRI > Al 4 o
IR B S AR S AR /K B R B (RN R S 0 B > (H
FH R A BA ) W] 3 35D Ay T 1 P L% 8 B S B
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BHEFREEX Fl AR A A
DD = 6.25R ™ R=0.92 p=0.03 n=>5
Turb = 0.97R3%® R=0.93 p=0.01 n=6
TSS=-4.47+7.11R R =0.45 p=0.12 n=5
Chla=-0.8+ 1.7R R=0.22 p=0.29 n=7
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(@) s o ¢ N W)
or A Turb = 0.97Rr>
e o A S 4F  R2=093
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