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ERARUATE KRR X, RKEBEAEEEERNEEZ —, HEEINH
60km, FRg4RAEEE, REBLWE, BOE 15km, BHILK 30km, &R AT AR,
WS, WHEBZFHEDR—FH/NED, KEEM 522km?, HPAH 60% KEKEE
o 10m, BPRA—RZFIELESARSHE, RAPRIE, EIIRESsstEssR
BATFTS, RMADKE LA 9.6km, KIE 19— 20m, FAMA DKL 5.4km, K
% 19m, -
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RREKEKI 23T, & EFKERK, BAAREKEHN 15T, B, kEKEA,
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#1 MEERER TMI— TM4 HEREENES
Table 1 The data of chlorophyll and TM1— TM4
Hxg 1 2 3 4 . 5 6 7
M2 E(mg /D)* 0.267 0400 - 0.467 0.534 0.579 0.668 0.801
™1 23.9 23 26.9 27.2 24.9 24.8 24.7
™2 13.3 11.6 14.5 .14.9 14.1 14.3 14.6
T™3 8.0 7.0 8.3 8.8 8.5 8.7 8.7
™4 2.5 31 2.8 3.0 29 3.7 36
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Table 2 The subfactors for correlative degree amalysis

BT BT BT

x,=R1 Xx=R2+R3 x,=(R3+R4) /In(R1)
x,=R2 Xpy=R2xR3 x5=(R3+:R4) /In(R2)

Xy= Xy=R3+R4 " xy=(R3x R4 /In(R1)
x,=R4 x5=R3x R4 x,=(R3x R4) /In(R2)
x,=R2 /R xp=In(R1) ' xy=In(R2+ R3)

x,=R3 /R xy=In(R2) x4 =In(R2x R3)
x,=R3/R2 x5 =In(R3) x5=In(R3+ R4)

x,=R3 /(R1+R2) xy,=In(R4) x5 =In(R3 x R4)
x,=(R2+R3) /Rl x,=R2 /In(R1) xo=In(R3x R4) /In(R1+ R2)

xg=(R2xRY) [RI
x,=R4 R

x,=R4 |R2

x,=R4 |R3

x,=R4 /(R1+R2)
x,s=R4 /(R1+R3)
x,,=R4 [(R2+R3)
x,;=R4 /(R1 +R2+R3)
x,=(R3+R4) /(R1+R2)
x,=(R3+R4) /(R1xR2)
xy={R3xR4) /(R +R2)
x,=(R3x R4 /(R1x R2)
xp=(R3+R4) /RI
x,=(R3+ RS |R2
x,=(R3x R4 /RI

x5 =(R3IxR4) |R2

x,=R3 /In(R1)

x<=R3 [In(R2)

x;=R3 /In(R1+R2)

x5 =(R2+R3) /In(R1)
x,=(R2x R3) [In(R1)
x,=R4 [In(R1)

x,=R4 /In(R2)

x,=R4 [I(R3)

x,=R4 /In(R1+R2)
x,=R4 /In(R1+R3)
X4=R4 /In(R2+ R3)

X o=R4 /I(R1+ R2+ R3)
xo=(R3+R4) /in(R] +R2)
x4=(R3+R4) /in(Rl x R2)
X o=(R3x R4) jIn(R1+R2)
xo={(R3x R4) /In(R1x R2)

xo=In(R3x R4) /In(R1 x R2)
x,=In(R3 x R4) /In(R1)
xg=In(R3 x R4) /In(R2)
Xo=In{R3+ R4) /In(R1+ R2)
Xy =In(R3+R4) /In(R1 x R2)
x=In(R3+R4) /In(R1)
x=In(R3+ R4) /In(R2)
x67=R4—R3

xg=(R4—R3) /RI

Xo=(RA-R3) /R2
" x,=(R4—R3) /In(RD)

xn=(R4-R3) /In(R2)
x,=In(R4—R3) /In(RD)
x,=In(R3I-R4) /In(R2)
x,=In(R3—R4) /RI
x,=In(R3~ R4} [R2
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4.2.2 XKBEESH

AT THHGEREES M SEBKEBEZ LR, RIEMHREREE R
£, TM1— TM4 B BIWKEBEEALGERNFRE, #HTREM, ¥REFRESER
RZBMRREE, REMral LERBSIH s, BRI EREERE) &
K, BEAEW A RIRAN, R OREN AR, WELRASITHHE. hT#%
KRR, BRITRAKERER DT REKESNTE, KKESNENESEL
B R AL, ST X i 4R ) LA AR R i R R A 43T AR

MTFHRHEZMEESBEEZANEARRE, SAREMIEERTH, B 7 HE
RAEEBHNAR IR FH, EHTREESH, JOEEEELRH AR, XB
RABEAEE, BREEEEFS P AR LOZF P F . TR0 X5 5 8 E
YE—WR B MR, & T HEE TS EEF 5L 5.

ATR2EEE TML— TM4 B ESMRRREZ HMXER, REBETZENLIEEE
Bk BEAR AL BT 5 I PR AE M A1k, JEZE B TMI — TM4 B BL i 75 A& 18 B
A, EMNESHBEBEARSI T2 RF R R B RFHAETML TM
TM3, TM4 RKEE. Bk RERENTMBIEENBHEE, SXBEM, §
PEMBEEHA ST REREZ RN LEE(ER3).

‘ %3 XBESHARE

Table 3 The results of correlative degree analysis

& ®1%

B

B KEKIE SR KRB B KKK Wt KEEE
X, 0.58% Xy 0.7086 Xy 0.6618 Xg 0.6509
X, 0.6297 Xy 0.6400 Xy 0.6875 Xy 0.6408
X, 0.6435 X 0.6512 Xy . 0.6710 Xy 0.6364
X, 0.6919 Xn 0.6203 X4 0.6570 X 0.6424
X 0.6410 Xy 0.7053 Xg 0.6838 X 0.6291
X, 0.6514 Xy 0.7017 Xy 0.6832 X 0.6283
X, 0.6228 Xy 0.6346 Xy 0.6715 Xy 0.6238
X 0.6407 Xy 0.639 X4 0.6820 X 0.629
X, 0.6445 Xog 0.6583 Xy - 0.6637 Xy 0.6167
X 0.6932 Xy 0.7668 Xy 0.6631 Xg 0.6371
X, 0.6430 Xy 0.6079 Xy 07619 T xy 0.6490
X 0.6268 Xy 0.6201 Xy .. 0.7580 L Xg 0.6078
X, 0.6248 X1 0.6280 xg 0.6697 Xy 0.6372
Xy 0.6365 Xy, 0.6783 X 0.6554 X 0.6202
Xy 0.6401 Xy 0.6357 Xg 0.7621 Xp 0.6280
X, 0.6310 Xy 0.6513 X 0.7535 X 0.6141
X, 0.6360 X 0.6367 Xy 0.6215 X5 0.6354
X, 0.639 Xy 0.6458 X 0.6235 X g 0.6096

X 0.5948 Xy 0.6412 Xq 0.6331
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MFE3 ATHE (1) TML. TM2, TM3, TM4 S8k 7 a6 B BRI K,
W ENFEMGRE M SRR E R R EEERRE M, TM4 BI5BEMH G ERBEHRETH
B.(2) EISHEBRAEGH, xy: (TM3xTM4), x4 (TM3xTM4) /In(TM1+TM2),
xg: (TM3xTM4) /In(TM1xTM2), x,: (TM3xTM4) /In(TMD). x: (TM3x TM4) /
In(TM2) % S FEBA G SHERREZ MXBEERA, B 075 F5hx,: (TM3x
T™M4) [ (TM1+TM2). x,: (TM3xTM4) /TML. x,: (TM3xTM4) /TM2 3 ik R4
AEMBRERENEXEETREKR, 507 XEXEFERNEBRASBUTEHE
(TM3xTM4), BB TM3 x TM4) S# KM SR KE 2 BIRABRFIIRER,

BB ERERESGER, BERATHEEBKPEERSMBZETRYR, SE ML
FHERWERLES R G KB ABE, ME TM BRL 5005 K 7KSIER(30m x
30m) N, KEHHEFFRNYRM S MATGEY SN, SR FHEEREN
ESRARBHRESLEA—, AT5IE T &KEBRHENEREE SR, BE
CHSRWEREN, TM4EBREMT WA ZE, HEAEsm ™ EBEYS
“TRETHXRREE R, HEHAETEEME R, TR BX R KA RN E
ERSERY, TM2 RSB S WA AT WA 28, HEHEHaEws, b
BB, BT UATHMAE;, TMI BB T WA 2, HBEHEKE LS, B
TMI $E R HA KRB B, BIRBURLYE ™ A 0 B R M E - g E 351
ERBHAENELS. BIMERHEIMRAAMEE T, HREETELERI, TM3
WEBRAGETRENIOE, METSERENMESSELSEREN. ZH, &
MR B AR EF A R (TM] — TM4 &3 BUK B S5 S R K E 2 B BB
RKIEA, TM3 F1 TMA B2 & (TM3 x TM4) SRR R LB B B oK) MR A
MHEGEY,
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FREKESRBXKERRN SANFRE, EINIEAHEMNYEEN, HFARER
MEMHTEE, BUAEEEIEY S MR FHREELSE —MECAER, HiE
e B BEER, XERAKERE S GM0.2) MAKNEL Y%, BYTT
5 5 MEEE, -

(1) Y,=0.035013 x,—0.366984,

(2) Y,=0.130428 x,,—0.382138.

(3) Y.=0.213500 x4, —0.405492,

(4) Y,=0.114975 x,—0.387297.

(5) Y,=0.099423 x,,—0.437805. ’

RP Y, IS EREMGEM, xp Xo Xg X Xo o LFEIFE 2.
4.2.4 HEEERE

W& 1P TM1— TM4 S BBIKEEMRA B S AR, BRSEAKNHRERE
EAME, BERESTRELR(RDITLEL, SERAMEEES T LB,
HR R KEMHRA 0.1008(mg /1.

X &R AL BIRE TR S KW, SERMREXMITIRELE 19% UTF, F
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R4 HEHAHFERENTHOMSRKETRE

Table 4 Comparison between chlorophyll concentration and it's estimated value

BAE 1 2 3 4 5 6 T

ST 0.2670 0.4000 0.4670 0.5340 0.5790 0.6680 0.8010
R 1 0.3333 0.3928 0.4453 0.5574 0.4978 0.7604 0.7289
K 2 0.3352 0.4265 0.4265 0.5439 0.4917 0.7656 0.7265
R 3 0.3418 0.4272 0.4272 0.5339 0.4912 0.7688 0.7260
XK 4 0.3370 0.4175 0.4290 0.5325 0.4980 0.7624 0.73%4
KRS 0.3278 0.4471 0.4272 0.5265 0.4868 0.7652 0.7254

5 STABMHHERRRERNRE(%) &
Table 5 Analysis of relative error (%) for estimated results

b3k 35 1 2 3 4 5 6 7 A G

BRI 1248  —1.36 —4.08 4.40 -15.29 1741 —13.58 9.80 6.07
A 2 12.85 5.00 -7.63 1.87 ~16.44 1839 —14.03 10.89 6.52
R 3 14.08 512 -17.51 -0.02 ~16.54 1898 —14.12 10.91 6.70
R 4 13.20 3.30 -7.15 -0.28 -15.26 1729 -11.9 9.80 6.09
RS 11.44 8.87 -7.50 0.48 -17.36 1831  -14.23 11.17 6.67

ARETHEHHRE, GRERES
YA ITAHIRETE 9.8 — 11.2% Z 8], IRHEREE 6.7% T, HEEERE.

5 545
ABFLNTM BREENFRE, S0 5DETHERS (- RRKETH N,

X R FOEEFIE R BB EH R KRB AR £, FIARBRAREE, #17T
B, ERSHRRBEXKERROEBRAGENERRT, BYNMHETEE

KERH SR WERKOER, AR, HEES, THENENHREE 98— 11.2% -

ZH, B SMERBAVRAIYREEN, HEBEHLENER, RH(TM3X
T™M4) 5 In(TM1), In(TM2), In(TM1+TM2)  In(TM1 xTM2) Z K% K BR4A 4, Fr
BVHER, FARERMGEREE, ENRAPRHU(TMIxTMY) Z B BAAG B LK
1B

- H5HEEIAN TM2, TM3 B(TM2xTM3) 5 TM1 Z WERMEE B KERZH FEKE
HRERBAESAR, AFREX TM1— TM4 I 75 Rt B A 4 #THE T4 b 25
b, B TM3 5 TM4 ZRF(TM3IxTMY) RIGBIT R B KEEH K ERE N BRAERK
BAS, RIERATERSKPEARESNBRERYE, SEMLTHEREKEN
K FSAKB T RBES, TM4 & TM3 WRKEEBH SEEREREmmem, S
[EWER BN, TML A TM2 WAKEEEKR, S8FBKKEMKEREY K
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FEMFRKERFL, B TM1 A TM2 5REHGRIKER KRBIEE.

T™ & BB AESHEEAL, TM1— TMA R BEFE A KB IENREK
BEER, SMERRWEMEHREME, 75 T 8K b K WK B R a) #9284k R 8
K, BATHING R IR ST ARSI TR A R, 455000 00 SEI Y
RARSGH, SEFRITELEBEHRENIERR, REERGESEMGERTRE
KRREMRREEREE, FU R RIS 2 B0 0% BLAT O 4R R R 5
W7,

LECAHEREE RN K OERIGTR A TR SRWEGE, HRIER
S HERM, ATHREENRRRENE, BEMHE, FXASZEI RN TM &
@ﬁﬂﬁﬁﬂmﬁﬁmﬁi?mﬁmﬁﬁﬂfﬁx KR S BERE TM BER S ROt
A PROMTDEERIRAG S, FUHREKHRRIRERITEERENL.
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Study on Modeling Chlorophyll Concentration of Surface
Coastal Water Using TM Data

Chen Chuqun Shi Ping  Mao Qingwen
(South China Sea Institute of Oceanology, Chinese Academy of Sciences)

Abstract Some models for estimating chlorophyll concentration are developed in this
study by taking Daya Bay as an experimental site and Landsat—5 TM (Thematic
Mapper) data as information resources. and combining the survey data of chlorophyll
concentration in the surface coastal water. On the base of studying the spectral
characteristics of chlorophy!l and the mechanism of surveying chlorophyll concentration
" using remote sensing data, taking 75 band compositions of TM1— TM4 bands as the
subfactors and the chlorophyll concentration as the mother factor, factor analysis was
carried out by using the Grey System Theory. According to the results of the factor
analysis, 5 band compositions, which have greater correlative degree to the mother
factor, are selected for modeling. The error analysis shows that these models have
high accuracy with the mean absolute relative error less than 11.2% and relative
standard error less than 6.7%.

Unlike the general way taking the ratio of TM2 or TM3 to TMI as the best
band compositions, this study shows that (TM3xTM4) is the best band composition
for estimating chlorophyll concentration of the surface layer of coastal water, and the
estimated accuracy can not be advanced by using the ratio of (TM3xTM4) to TM1
or TM2 or In(TM1+TM2) or In(TM1 x TM2).

Key words Chlorophyll, Remote sensing, Grey system, Model



