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Study on the variations of chlorophyll 4 in the East China

Sea using in situ survey and satellite remote sensing

Lee-Hyun Jang

Interdisciplinary Program of Ocean Industrial Engineering,

Graduate school, Pukyong National University

Abstract

This study analyzed the wvariation characteristics of chlorophyll a
which plays a role as the index of primate production in the East
China Sea(ECS). For this study, the relationships between the
variation of chlorophyll ¢ and ocean environmental factors, the optical
properties were analyzed. To quantity the variation of chlorophyll a
distribution and the concentration of chlorophyll a, we used the field
observation data from National Fisheries Research and Development
Institute(NFRDI) and the estimated chlorophyll a using SeaWiFS
(Sea-viewing Wide Field-of-view Sensor) satellite.

The relationship between the variation of chlorophyll a concentration
and ocean environmental factor through the analysis of chlorophyll
a-ocean environmental factor-time diagram was analyzed. The
characteristics of ocean optical property were analyzed through the

method of light extinction.
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Chlorophyll a concentration in the East Sea showed two peaks
seasonally, that is, spring (May), summer (August). Its concentration
around coastal waters in the western part of 125°E was three times
as high as off shore in the eastern part of 126.5°E. The variation of
chlorophyll a concentration in the Tsushima Warm Current (TWC)
region was stable and in the coastal waters adjacent to the China was
unstable.

The spatial variation of low salinity water was matched well with
that of nutrients and from this result, the relationships between the
variation of salinity and chlorophyll @ concentration can be explained
well. In spring and summer in the coastal waters of the East China
Sea, seawater temperature plays an important role in the variation of
chlorophyll a, the reverse salinity had high negative correlation. The
variation of salinity in the coastal waters of the ECS was closely
connected with the wvariation of chlorophyll @ concentration in
summer.

The East China Sea can be divided into two areas based on the
characteristics of optical properties and other oceanic conditions. The
first, the TWC region is be applicable to Case I, and the second
the coastal waters in the East China Sea is be applicable to Case II.
The Case 1 region is deeper than around waters, the variations of
suspended solid concentration were lower seasonally and temperature

was more important factor than salinity in oceanic condition. The



Case II region shallower, the concentration of suspended solid high
and its seasonally variation great, and salinity was more important
factor than temperature in oceanic condition.

Temporal and spatial variations of chlorophyll a estimated by
SeaWiFS satellite were great. The blooming of phytoplankton was
highest in summer season (August) and its duration period was long
from April to September, and it is extended gradually from coastal
waters around the Yangtze river to the neighboring seas of Jeju
island.

The estimated concentration of chlorophyll a using the algorithm
derived from the relationship between field observations and satellite
observations had highly correlation with those of the field. The

0.6218 OC2 chl- )
2 and it seems that

algorithm equation is chl-a = 0.1681exp
this algorithm gives important information for estimating the
distribution of chlorophyll @ concentration in the East China Sea.
Hereafter, to get more precision result, development of algorithm
will be needed through studies related to relationships between field

observation and satellite observation, the optical properties of seawater

and oceanic conditions.
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Fig. 2.1. Map shows the survey area and measuring stations.
E: East area (st. 12); C: Center area(st. 17); W : West
area(st. 22)
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TS 3 s 548 EH8AH
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A ol AL AAD T F7104970 9 F2S SHSAT

FAE AT FFAF apme ap- aaz AlAFSIASH, HIFFA

3

A
ofr
n‘.]ol«

=
=

3 Al (absorption coefficient) gt-& 73} % o (Truper and

ox

>
e

o
=

]I

rr

specific absorption coefficient) Z, chlorophyll a @ &34 4 a pn

—~

./}:
a'pn =(apn)/ tchl-a& A28} 4t} (Kishino et al., 1985). & 714 apne 41 &
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2.3. A EA}

Fr ARAEE FHFATHTHANA FAsta = Orbview
2/SeaStar 9]Adol ©AE sf4=A(ocean color) AMAQ) SeaWiFS oA =
7%t chlorophyll 2 A} 82} NASAo| A A|F3+ ¥ chlorophyll a =}
55 AMEEET I YA E SeaWiFS 94dztg= 2000~
2003 9] YEARE o] &3P, NASANAN AFstes AsE<
200213 €9 chlorophyll 2 A5 & ©]&3}H T

SeaWiFS+ A sl+iEW-& viY 23] #SFsta Jdom, 7HAl
Felol 24 FPOE ol §3ha R RE WAHo] Yok BAH

2 =43t} SeaWiFSe] Wi =(band)= 8712 67+ 7Aool
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2= 2394 (near infrared, NIR) HHo|t}. 7FAF 9 bande] F
A F=Fo 412, 443, 490, 510, 555, 670 nmo] 1, chlorophyll 4 ¥ % &
o= 2, 3, 4, 59 band, #FEE Fx 4= 53 bandE, 7]
RAGNE 6, 7, 8H band7} FZ o] Ht} (Table 2.1).

SeaWiFS 9Axtg5E A7 BHOZRE 4d digital 215 HE
2l Level-0 25 ¢} Level-0 ZXE] 3 signale] =17]9] radiance #oZ
B8 Levell ARZH ol ©es) BARAgT] o £oid G|
o SAAEA 7t faxEte AARE A7) M=

Level-1 Ztg ol AIMEF, 71273 3 O3 A=FH dudSE

Table 2.1. Normal radiometric parameters for SeaWiFS

Spectral Wavelength Center Primary Use
Band range (nm) Wavelength (nm)
1 402~422 412 (violet) (yellonilisljzfs ftznce)
2 433~453 443 (blue) i}l‘j:s;’;?gf
3 480~500 490 (blue-green) Coi)f;g‘:ion
4 500~520 510 (blue-green) il;ol:;f;}i‘g':
5 545 ~ 565 555 (green) Sediments
6 660~680 670 (red) Amosl’zzi;:lz rrection
7 745~785 765 (near IR) .

8 845 ~885 865 (near IR)

__11_



2 M7 Level2 ARE 0|88 ot T Q, 7, 9, W Be=
Az} cell & EAAHCE Folr 9 km x 9 km A} 7+4 T+ 0.09°
x 0.09° A=A} 7+A2] global gridded datal] Level 3 A} 5 2 &€t}

2 A= 914935 chlorophyll a zt59] A4S Hetstan
2 848N H71RA F Vst o] ded el Level 2 7}
8E Terascan A]AE] A3 E 9o (SeaSpace, 1993)= A& 3
chlorophyll a 4 &3 5L A1d 9 dZ &= chlorophyll a gt 7F
o] #AAARE EXNIFHT. Z=3 ¥HF chlorophyll ¢ A5EE
Level 3 A5 & Al&3lgor, o]5 AFEE NASAA SeaWiFS A}
55 487 A8 iEE FF FEEA HIIAY SeaDAS
(SeaWiFS Data Analysis System) T2 1802 *]2]3}H ).

B e] A&3le chlorophyll 2 3% 235 11o}3l7] 93] SeaWiFS
I B= AdAR ] SeaBAM (SeaWiFS Bio-Optical Algorithm
Mini-Workshop) 2] OC2 (Ocean Color 2) €18]&<l 4] (2)& °]-83lH
A chlorophyll a g2 AFE3HTH (O'Reilly et al.,, 1998).

Chlorophylla = 10040+ «™ it o754 BTH) 4 gy (2)

o 714, a0=0.3410, al=-3.0010, a2=2.8110, a3=-2.0410, a4=-0.0400
o AF #elH, R SeaWiFS 1449 U4 HAMIALE (remote
sensing reflectance) 2 490 nm 37 o] ¥ALE R 4907 555 nm

oA A 9] HAl% R 555 9] Hl(ratio)o]™, 4] (3) o] EIHHT}

R = Log(R,490/R 555) (3)
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AR o dF EXE Fg 3129 Uehlidch SA9 73S
RSRE AZ7HA g4 FLEES YeRAh B 14 olF
Qe A)ol = 15T o]/de] 128, Wald (g3 20 oA At)dA=
27T o]8ty] AL, 283 CaY(FAE 16~18)dA e 11~15T <
5 472 JeRHh Ak B ol At wEd divbd &t
Tt #2 12T T4 g "ol F4=U (Fig. 312 (a)).

Bl FE Aol FUhste AEQ EA9 BE EFFO] FolAHA
315 Line A4 22~18%, 316 Line A3 20~167%, 317 Linedl| A= &

pd

7 19~159] Z2* 20~30 m FoA 15T S24S FTHLRE F29
Zo] FAHAeH, AFdE F& 13T ol WFH7t EXeHTH
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9 years (1995 ~2003).
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Fig. 3.1.11. Continued, except for 316 line.
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Fig. 3.1.11. Continued, except for 317 line.
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AL, Y 168 AAZ 05 uM o|A&e] 11F%E7} 315 Lined
Xz 316 Linee $Zo ZA3149ct (Fig. 3.1.11 (). 34 317
Line2 A2 05 uM o3} =7} AujFolz, FH 16~1
21 o]MoA 05 uM o] nFE =7t vEET FA) 9
e JEE vEVEE Fal A EFHEH AFRETH] wE|
AlEEET AH 17 o159 F4 50 m o4 W& 0.5 uM ©]
Ao s x 7t EA)8kaL 316 Line A& 1.0 uM o)} s =7}
44 16~199) A WA XA EF 317 Lined FAHL=Z
AH 217 FA 159 A FNA 08 uM o|de] TEE7F YEEH
(Fig. 3.1.11 (d)).
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313. 2554 ¥

Aate] ¥ RGEE 9 E¥ITE Fig 31124, 44 EHEF
BRI EE Fig. 31139 z}z} Yot ol 2EXEE I @FLH
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126°E o] Aol A 10 mg/L o|Ao 2 wExE yeit (Fig 3.1.12
(@). Walde 30 mg/L olite] && oz, tepdidd E3fY
2~4 mg/Lol Hls) Hoj 9u) o] ¥e TE %L EA A%
A RHEd FEE 2~5 ng/LE FAO vl of$ ¥km, F

=7t A9 it (Fig. 3.1.12 (b), (o). FA9 F+
2d ¥EE 2% B5AIFAA WalGeA 9 ng/L o] #e,
4ol e EsjelME 2 mg/L olde] #He RETh EAeks
Ast el FEA7 A2 A AAE olE CaddME 2~
9 mg/L2 B4 A FHEQ] £ T o7} 0.06 meL’/km

. 3.1.

12 (d))-

SS (mg/L) (a) SS (mg/L) (b)
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3 “‘.{,. PR W?,, .
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- ) \7\,\ - =/ \\\
N £\
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Fig. 3.1.12. Horizontal distributions of mean surface suspended solid
(mg/L) in February (a), May (b), August (c) and November
(d) during 4 years (2000~ 2003).
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A B{EH 97 EXE Fig. 31130 Yehidch A

913 27) Lined M= T3 olA AS7HA dYd F

BEE Hol, F4o] &2 A 21 oA Y AHZelA= 30 mg/L

ol mEx e Jeh)UT (Fig. 3113 (a)). 317 Lineo] B4 19

o]A] 4 50 m ©]3te] ¥ FAA A FRHEA FFo] FAEH
m

oA A4 Gt FRrEE sE Blus] By

1=

Z7FA] 4 mg/L ©]3t=
B3R 19 oM FAo] & FolXAe FAE TR Fe WHEt 4~
10 mg/LE =LA YERgTh (Fig. 3.1.13 (b)). 315 Line A% 19~22,
316 Line A4 16~22 % 317 Line A% 18~209] 3ol 9 mg/L
ool ¥E FFEE UERNUTE Y FRER == 7 Line
H FAY Ztole AT A 16 o] FAAA 2~3 mg/LE EIFNA
F27AA] fdT 2 Holal, F4o] &2 A 18 olMelM=
AF9 10 mg/L ©]%49 ansEet A & - AF AT o] 3
=Rt 3] 316 Line?] AF =< 20 mg/L o] o2 & F
Lined] #Z w=xc} 24 o] =gttt (Fig. 3.1.13 (0). FA(119)<l
= 33 15 olF9 Falo] AL AL oF 2 mg/L IAFE AFA
A A #A3 Frgon), £Ae] ke HH 20 ojME EEHIL
°F 10 mg/L, AFolME 20~30 mg/L ooz FAFI FEAVL
A vebgT} (Fig. 3.1.13 (d). =3 316 Lined] A3 179 AR
NAE 50 mg/L o] o 2 FZ 4 mg/Lol| Hlsf 128) o] ETh
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Fig. 3.1.13. Vertical distributions of mean suspended solid (mg/L) at
315 line in February (a), May (b), August (c) and
November (d) during 4years (2000~2003).
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Fig. 3.1.13. Continued, except for 316 line.
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Fig. 3.1.13. Continued, except for 317 line.
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314. £&44 X

Mt

T FH &E4AE FHEEEE Fig 31149, I3

XX E Fig. 311590 22 Ygliglth o8 £XEc I HTU4H
ghlol A 97dZH2000~2003) AT i AE5E AEE, F4E
PF3 grolth o7 MBW)S DL 1245E o)A, 27HOH G

(@), (b)). A= 46~52 /L BAZ FAS} FAY ALFAE
X7t A9 glolAa, x=dd HrEge FAEE 2 G50t

Bedrg ozt e ARL R (Fig. 3.1.14 (o). ZAdE
50~5.6 m¢/L HAZ HfFoA T3t X2 W92 Esfgr
o dudes e 1FsE BAY (Fig. 3.1.14 (d).

ARE 440 AXEYXE Y (Fig. 3.1.15), A< E9
ANA AF7ERA Fdta, Falol ¢ Walgo] 4o 22 Es)
Heh oA & FEF BJH (Fig. 3.115 (a)). &A= EASI
o] #dd E27F AY AgA AFH 15 o]F AP AHFoM=
50 m¢/L o]&t= i1, 315 2 316 Line A3 16 ©]A31< <] 30 m
ojFeM= 6.0 m/L °lFeE FA UHENT (Fig. 3.1.15 (b). 3}
Aols 2~5 mt/L HAZ, £4o] &FE B 18 ojMsfHo M= of
30 m o] HellA B3 §FEAA FFo] FAPHUG EF A Lined
43 19 ol AFolME 3 m/L o5 ®IGA EXEVF e
W Aol EARAHolt} (Fig. 3.1.15 (c)). FANE 3~54 m(/L HH=E,

o
o)h
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Fig. 3.1.14. Horizontal distributions of mean surface dissolved oxygen
(m¢/L) in February (a), May (b), August (c) and November
(d) during 4 years (2000~ 2003).
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Fig. 3.1.15. Vertical distributions of mean surface dissolved oxygen
(m¢/L) at 315 line in February (a), May (b), August (c) and
November (d) during 4 years (2000~ 2003).
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Fig. 3.1.15. Continued, except for 316 line.
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Fig. 3.15. Continued, except for 317 line.
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2nz0) AT 29 ko] AT, F41 50 m o] Hel =
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24 75 m o] Aol AZe] Wiz (35 ni/L olFhE A8k F4

50 m o] 4ld] Ze &E4ha okEo] RAHUT (Fig. 3115 (d)).
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o XWEY
sz ABZFAE A2 Fxe EIXE 43 (2000~
200337 ARE (2, 5, 8, 11€) EF#S X ¥ chlorophyll 2 A5 S
}e] EW chlorophyll 2 £HEXEE Fig. 3.2.19] YeR A
E7A 9] %9 chlorophyll a 5% X+ Ha|HolA 04~05 mg
/mE ALY FYF EF S JEARAY (Fig. 321 (a). A<
02~14 mg/m'e] 2X Wlolm, ¢ 1265°EE 7|FC2 AMZEL 05
mg/m °]& HAEEoly 1 FEL 1FEE Ut £ MR
F% 14 mg/mol 3 FZ9 HAFTE 03 mg/m'e A
A= oF qu) Ax g 3A el (Fig 321 (b). A=
Aog FZL 08 mg/m °l3te] TEIF @& WEF
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Fig. 3.2.1. Horizontal distributions of mean surface chlorophyll a
(mg/m’) in February (a), May (b), August (c) and
November (d) during 4 years (2000 ~2003).
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e AAEXY

chlorophyll 49] 4@d37H2000~2003) H A& FTE=EXEE Fig
3.2.20] “YeERHRIEE FA 2] chlorophyll 2 T2+ Hadelx &
N AF7AA 03~05 mg/m=E AL FLE T £EXE EAUS
Y, 317 Line A 17~219 #FHFFAA<= 05 mg/m
mg/ m'ell B3]} P (Fig. 3.2.2 (a)).

A2 chlorophyll ¢« =5 XW, 05 mg/m °]39 TF%rt
316 Lined A% 17 o|A B E71A EAhY} 2 ¢ ¥ Line& AAH
19 o]AMo] RYF, 71 olF2 04 mg/m WYZ F4Ho] 2&

S FEE YEAT (Fig. 322 (). B 21 o)A FxtE A<
o] £F FIZAME 10 mg/m o]FoE L FL g HYS
o, A FF5NA 06~15 mg/m BHE dvbdFFA(HA 14 °lF)
o] 01~04 mg/m WY vld] <F 6v] HE =A el =3,

317 Line®] 3¢ F4lo]l &2 B 21 o] 4 20 m9 1.0 mg/

it
A
olj
o
W

l

m FEE VFESRE X3FH AZFoIAM T3] 12 mg/m o} 1
2 2gm, BF 18~21 Aol L AEY FUI 3T RIS E

% F o]t}

AL Q16 o]Aahe] 30 m ol Ho|M 05 mg/m'e] 1%
7F £3313, BAF 21 o|M | FF FZolAM 1.0 mg/m' oy
27 & s=vF UeET & FH 15 o]52 F 04 mg/m’ o
3o A g Holy Fao] ZojFo we} FxyF FAaeud
(Fig. 322 (0)). A= ZFHF2o FA48 stA9 7 chlorophyll

al

A7 17 olF AF] Asxe ofd 45 A9
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_56_



Station

22 21 20 19 18 17 16 15 14 13 12 0
: Lo cy R 2
TOs = N 038 Dy 30
\ L ~ o R~ =]
\\ . S 50 &
035\ E._
S e /\0_3;\: s 2
= \ \ 2
@) _— o
315 Line
Feb., Chl-a (mg/m?)
2 2 NN S YO S S - R 0
YAz : : e 10
J—M&\}, b 2, : ~\_03/\\.\0.2 R . 20
03 o
N o g
e N 02— - /\ L7 5
(b) = 100 g
315Line
May, Chl-a (mg/m?)
21} , '21 20 19 18 17 , 16 15 14 13 12 0
%é)/é" Nin e S %
Y N : . . . . . 0
! (\0.4 - - . . . . . . 50 ,?
T
//_.\qe T T s E
315 Line
Aug., Chl-g:(mg/m?)
22 21 20 19 18 17 16 15 14 13 12 0
R e - 10
I Y A 20
M QA 0 . . N o) . . 30
_,\K / - 0
ok °,‘5// T %
. . / - /Oi/\\\l 75 E
(d) / . 08T 100 =~
315 Line
Nov., Chl-a (mg/m3)

Fig. 3.2.2. Vertical distributions of mean chlorophyll a (mg/m’) at 315
line in February (a), May (b), August (c) and November (d)
during 4years (2000 ~2003).
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Fig. 3.2.2. Continued, except for 316 line.
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SmE A4AA 03~04 ng/m W2 EXAT (Fig 322 (d).
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Fig. 3.2.3. Seasonal profiles of chlorophyll a (mg/m’) at west area,

center area and east area during 4 years (2000 ~2003).
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33. AEEFAE A2 A3 54

qFoA AEZHIAE AEF] AEE ©]&HE chlorophyll
a%t S FRATSS] BAE AHERH T FRATE Trper
and Yentsch (1967)2] ¥y ol &8 Al4HE

AEZHIAE 23 FHAF (T A-E, AHEE 207} Ao
1} chlorophyll a &4 sl =90l 440nm HEZ A HYE KA} (Fig.
331). AHEH] BEXE H1H 430~450 nm T A FHAH o2 EH
UERS T, 600nm FZ ool A 22 FFEIE AT wEbA
chlorophyll a¢] Htj F+& UERd 440nm 3o A A EFZIE
o) 8t &FA G} chlorophyll ate] TAAES AAEE AFA3] 11ots)
Bk

A ZA71ZE (2000~2002'0) 5 AEFFIZE o7 FBAT
apn(440)¢} chlorophyll aoll th&t 5027 At85 o]-&&t] A% Az}
95% A FrAA FBAFE 0642 YRt (Fig 3.3.2). o 7]A]
chlorophyll a gk°] 9~11 mg/ m'¥] 27} A& & 20023 8¢ <] 315 Line 3
A 213} 220 #=H 2 Fgolvh A-EEZE E o apn®} chlorophyll
atoll= EA1 549 (r=0.87)3 314 8€ (r=0.7)o B do] ¥1L, T4
(11€)} 5A(2Y)o= F#A 57 2424037, 0230. 2 Bl A 1}

252 YA E ] &9 chlorophyll a B &334l =, 883875~ (specific
absorption coefficients) a' pn %} chlorophyll @ &= 7+e] A#< B 125°F
o] 4(W area)2} 126.5°E ©]&(E area)2 z}Z} Case 19} Case I &7, 7L F 3t
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Fig. 3.3.1. Spectrum of absorption coefficient of living phytopkankton
(aph) in the East China Sea in May, 2000.
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Fig. 3.3.2. Relationship between the absorption coefficient, apn(440)
and chlorophyll 2 during 3 years (2000 ~2002).
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Fig. 3.3.3. Relationship between the absorption coefficient, apn(440)
and chlorophyll a in (a) February, (b) May, (c) August and
(d) November during 3 years (2000 ~2002).
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Fig. 34.1. Orbview 2/SeaWiFS monthly mean chlorophyll a
concentration images from January to June 2002 (Data
supported by the Goddard Space Flight Center Earth
Science Distributed Active Archive Center (GES.DAAC)).
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Fig. 3.4.1. Continued.
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Fig. 3.4.2. Relationship between the in situ chlorophyll a and the
estimated chlorophyll a from the processed SeaWiFS
imagery using the OC 2 algorithm in the East China Sea.
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Fig. 3.43. Distributions of the chlorophyll 2 from SeaWiFS on 6th
Nov., 2002. (a) chlorophyll a from SeaWiFS level 2 data
using OC 2. (b) chlorophyll a from SeaWiFS data using an
empirical formula. (c) in situ chlorophyll 2 in Nov., 2002.
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Fig. 4.1.1. Chlorophyll a-temperature-time (Chl-a-T-t) diagrams for

East China Sea waters.
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Aol &EAATL Z4stE A chlorophyll a® F7A3] F78ta,
Al EA0) 4kA F=7F 74 FAlol chlorophyll 28] Fx=
2738 ZAstT ot (Fig 4.18).

o] 3} o] EZ3] chlorophyll a¢l
AEEEH aQ(Fdd, &F2d4a )9 BAE Hestd Table
418} 2t} chlorophyll a9t st Aaztolls FA 2 Al SA <

ZART BAA] AY. &Y= Z=Xo] ke Wajde] 420

=2
ol
i
ACH
N
5
flo
e
e

Table 4.1. Correlation coefficients between surface chlorophyll a

and each ocean factors

Month

Factor February May August November
Temperature -0.1 -0.6 -0.6 -0.2
Salinity -0.2 -0.7 -0.7 -0.1
SS -0.1 +0.6 +0.6 -0.2
DO +0.2 +0.7 -0.1 -0.1
DIN +0.1 +0.4 +0.6 -0.1
Phosphate -0.4 +0.2 +0.2 -0.3
Silicate +0.1 +0.7 +0.5 +0.1
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Appen. 2.3. Vertical distributions of measured chlorophyll a (mg/m’)
and their anomalies in February (a), May (b), August (c)
and November (d) in 2002.
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315 Line, 2003
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Appen. 2.4. Vertical distributions of measured chlorophyll a (mg/m’)
and their anomalies in February (a), May (b), August (c)
and November (d) in 2003.
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Appen. 2.5. Vertical distributions of measured chlorophyll a (mg/m’)
and their anomalies in February (a), May (b), August (c)
and November (d) in 2000.
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Appen. 2.6. Vertical distributions of measured chlorophyll a (mg/ m’)

and their anomalies in February (a), May (b), August (c)
and November (d) in 2001.
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316 Line, 2002
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Appen. 2.7. Vertical distributions of measured chlorophyll a (mg/ m’)

and their anomalies in February (a), May (b), August (c)
and November (d) in 2002.
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Appen. 2.8. Vertical distributions of measured chlorophyll a (mg/ m")

and their anomalies in February (a), May (b), August (c)
and November (d) in 2003.
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Appen. 2.9. Vertical distributions of measured chlorophyll a (mg/ m’)

and their anomalies in February (a), May (b), August (c)
and November (d) in 2000.
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Appen. 2.10. Vertical distributions of measured chlorophyll a (mg/ m’)

and their anomalies in February (a), May (b), August (c)
and November (d) in 2001.
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Appen. 2.11. Vertical distributions of measured chlorophyll a4 (mg/m’)

and their anomalies in February (a), May (b), August (c)
and November (d) in 2002.
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Appen. 2.12. Vertical distributions of measured chlorophyll a (mg/ m')
and their anomalies in February (a), May (b), August (c)
and November (d) in 2003.



	표지
	목차
	Abstract
	1. 서론
	2. 자료 및 방법
	2.1 현장관측과 그 해석
	2.2 흡광조사
	2.3 위성탐사

	3. 결과
	3.1 동중국해 해황특성
	3.2  chlorphyll a의 분포 특성
	3.3 식물플랑크톤 색소의 해수광 특성
	3.4 위성탐사 chlorophyII a 분포 

	4. 고찰
	4.1 chlorphyll a와 해양인자간의 관계
	4.2 식물플랑크톤 색소의 광특성
	4.3 위성 chlorophyII a 분포와 추정

	5. 결론
	참고문헌
	Appendix

