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SUMMARY

Taking into consideration of rapid changes on physical and chemical conditions in the
East Sea, the needs of research for its potential effects on compartments of
ecosystem, such as primary producer and fish, in the East Sea has been increased in
recent years. However, it is difficult to understand the changes and its effects from
analysis of field observation. Therefore, numerical experiments using biogeochemical
models can help understanding of the changes and its effects in the East Sea
quantitatively. This research project was carried out to investigate the changes and
its effects through data analysis and numerical experiments using biogeochemical
models. This project consists of four main parts: archive data and parameterization,
biogeochemical characteristics in the East Sea, modification and optimization of models
and model experiments. Data from field observation, satellite and references were
collected systematically. In~situ observations during the project periods were also
carried out to get data in the East Sea. Archive data were analysed and modified as
input data for models. In the second part, temporal and spatial variability of factors
consisting of ecosystem and relationship among the factors were investigated to
understand biogeochemical characteristics in the East Sea. On the basis of the
variability, the East Sea was divided two regions along the subpolar front. Three
different types of typical biogeochemical models coupled with 1-D physical model
were modified and optimized for the each region. Simulations of Aoptimized models
were carried out to reproduce and investigate characteristics of the ecosystem in each
region. In addition, mechanism on phytoplankton bloom initiation, interaction among
ecological factors and effect of changes of physical conditions derived from climate
changes on phytoplankton were investigated. The results and knowledge gained
throughout this research can be used as an infrastructure or basis for more
complicated or advanced model that can be developed and used as a resource

management tool in the East Sea.
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3% 167 172 CZCS1978'd-1986'd)%t SeaWiFS(1997d-2007d) AN 27 E HASG
A8 E global algorithm® ©]83t9 4}&3t climatological monthly chlorophyll a
FEE HAF F a¥o=RE 3944 548%F< B3 A AH spring bloom©l
Y450, 1197 12€¥°] spring bloomel] H]&A 41717t <& fall bloom°l FAE =
AE ¢ F A

Chlorophyll a ¥E& T8, %4 ¥ W78 9¥e= JF A859 ¥F a8x
A EEHIE0] patchE o|1FH EX¥ste EH0E AFFHo2 Fr9 A g
HEA 40 ool A& 28U & EF9 chlorophyll 2 = X & Ak
3 A Gaussian distribution® 2. @etA 7 AMZHE 42" chlorophyll a
%X Gaussian curve fitting& 2A18t9E. 28] chlorophyll a = fitting®
Gaussian curveZ%-E] bloom® Al7], 71z}, peak, 3714 B% FBE AEsAS.

Spring bloom E4 Al7lE AEH X9 2u ol F78t7] Al&Aste A7), fall
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bloome A &3 ¥ 2u] o4 F7I3l7] AR 4E bloom F4 Al7lEta ot

- Chlorophyll a2 X% eddy®t sea ice melting® T2 &3 &7 L2Ud 93
Al -3 BEY S S, T EF AGS AAHLRE eddyd] BFo @i
Agoln, BE Q9| Tatarskiy strait ol HAEE sea ice’t YA H. oleid €8
293 chlorophyll 2 %9 Z@@AE oldl3t7] A 4km ol¥e I HE=E
A8E F7 3 - BYIAF(ZD.

L}, Aerosol index

- TOMSEZHH 1998358 2002d B¢ FTHAEIT 1.25°X1°%0 daily aerosol
index® F33AS. TOMSEZHE 5% aerosol index= HAle] Az AH
Al7le] 8% index® AFEHI AL 2EY AAMY J&FHA EAR 20024
o]¥ 9] ZAFE data error® ¢ £ AFME AL

- %8+ marginal sea®4 HNLC(High Nutrients Low Chlorophyll) A¥3s 23
$A Sol oM FFY & Ak B YSEZIE ] tl@ Fgol HAH o]
$AS. 28 Fed T840 wWAH #3 dd §5AY, BEUNYY T
oAz HZ Fed T840l EA7] AFAE. 53] FA7} JEEZFIAE 473l
L4 Fe, A4Y 33 & JYFY F8% IFdez o 99 FaAo]
A2y, ole] ¥ AFAME 2aPdE HE FAlY NS ETFIE Ao dig ke
B E ZARIAS.

- TOMSZ5 € Al&¥ aerosol indexE ©l &35 HFAle] T8 T3 A2 ANJE
237 A% 71ES AsAS. 19989 FH 20028 T NI TAY B 2sd
1999 d9le AMEoA AL o & 189 FAUF EaHAR, ZSAAE AL
18 9] A B aERE, wekA 199999 E THE AR FAE A9 giidx
7H38t3E. 1999 1958 6952 aerosol index®] 99%7} 25 oldlel=2(aY18)
258t & go] #F € A%, T8l BAlY 4FE we oz AL o] ol
et AFHA HYPAL ARE T o =937 HAstd T3 Aol 94X Y
FZ4dA gL AA(visibility) #t5e] £33 € HZE T3 2 AZYLS FFsUL.
Aerosol index7t 2.0-27 ©14% Afole 33 FL AIY AGolA AA Azt
S5km U FAte] LAE 9| v]E™[Darmenova et al, 2005], T HLd=
aerosol index”7t 2.0-2.5%0 Z-$-ol <F 70% ©]/do] A|AHo] 5km u]tl #Alel U X
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FAS. GA AFE A go] 53] 1999d = T3l FH AU¢e uy X H
714 #5204 oldd FAE FFEHA Fkony o] Al7|o] aerosol index?) o
99%7F 25Kt Z3ke. webA HALe] 7]EF OS2 aerosol index 2.5 A Eo] FaolA
APEE ¢ F IUS. 29 195 258 71FLR st F& 19989 %H 2001d <)
3¥oM 5HEL BHE FHT FAL F2 ol F2E BAF ¥ 202 19089 5F
2002'd 3€oA 54 FL FEMlA aerosol index7t 25 ©144QU E9 HAFE HAF
I8N & & AR FH BF AGe FHoE g A} AHE AL
& F AL 1998EFE 20021 d F aerosol index7t 25 o]l #wHE A€E)
U FAtY olF FEE AT IYES ¥E 39 CDol FRIAAL.

£

- BFEE FAY depositiong FIHA dr|2RE FFHE A e UGl
AEo] ol & e FeE AAHEE Ao ZEAHQ processE LT
T A5 wEA FE 4 A9E A5F] AEE 53] Y8t ssmaY
weekly AENA rain rate® AEIHAS. 2Y o] AEE AT PRI} 1¢E
BAeE 22 &2 AT events$t Hladl7lolE A Y2EE GPCP version29
1979358 YUY precipitation rate® #“E FIHALT. 1 2L 1= PFHo=
SSM/I weekly AENA A& 1998d0lA 20033 F<¢ rain rate® B E
adg 2% 19793 1¥%E 2005d 12€ B¢ GPCP version 204 At&d
precipitation rate?] €% ¢ £XE HAF,

2
]
3]
ot

2}, SST

- A3 A7 olo] NOAAS AVHRR Ocean pathfinder® F8 37+ 1457} 4km,
9%m¢l daily, 8-day, monthly A2E& F33%3. AVHRRS '¥(descending)® %
(ascending), 3t% 28 ASE AFHNFEZ F A8E #3819 8% HYF SSTY
&e AEAAS.

- 3% 232 1997358 2006d <4 #HE AVHRRY version 509 AZdA A8
climatological monthly SSTS] FUHEXE HAGE 2 38°N-40°N X QoA A XMo]
FA4HEY, divt i 4L P FAA oldy AHL sea iced FFL W

)

5F AQEY 5 £ 2 AL ¢

9} o
M.

P
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v}, ulg

- QuikScat®} SSM/IZRE ¥ EFNA 10m £°l9 sea surface wind speed®t
wind direction A8 & FRAS. $HY A2 U AYEE 025°, A HP=E
daily, weekly, monthly .

- 3% 24% QuikScatol &Fel ¥} o2 2¥ AFEHE AFEE FIH8AY wind
speedt wind direction® AtE% oz o] F 2003dES LE ARZEE A&
g IULXE RAE.

- 1% 25% 19983 FE 2003 B QuikScatlA T AREFE AEE wind
speed®] €¥ T BXE HYFT, 1% 26& SSMAZHE 1997458 20074 7HA
FIE A8E o]83ld AAEd 9 wind speed® RYF. T AAZEEH 4EE
wind speed®] gt Aole oY wind speed®] AZAFTAE F BAF1 UL

vl PAR

- AEEFIEY FEAl ol § 7t Yol BT AEE SeaWiFSEEE E5F
PAR AEE o]§383ov X% chlorophyll a & $Y& Al - 3¢ A= ARE
o] 833 %

- 3% 278 19979 % 20074 5¢ spring fall bloom¢l AEHE 497 119 F3l

% PARY ¥ EXE HAFY, I 28& spring bloomel FAHE o EF9

PARE EAF AELZIE bloom B4A7] 99 PARE vid ¥MFE HolH,
Aetx oz JdEor BFHoz Z4E PARS A7|7F 24 YE.

AL, Sea ice

- 58 & AG9] sea ice?t ABEFITY U= I 437 Asty 1997d%E
108-58 %<t SSM/I(Special Sensor Microwave/Imager)Z%-El daily, weekly,
monthly sea ice concentrations®} total sea ice area® &3S, 1Y 20 9
sea ice concentration®] &3t £X¢} total sea ice area® ¥ WEFL HAF dd
sea ice area®] WEAol & AL ¢ F U

- 19973 % ¥ 2006'd 5 sea ice concentration®] Z € FLEIXE HAFE

1YEe 5 39 cpol FRAAL.
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3.

71€9 #5 A5 £ A5 £ 4 A%

A AFA 725 D/B olojA 7€ #F A5, £ AF 7|3 5 3%
8% T&*i‘—P—il?-E{ ¥ g, 183 EYAE £3 T& B39 N&£H2Z DBE
THIANE. D/BE T, 8, A2, SY¥AWN, P, Si), chlorophyll 2, TEEZIE
9 ARE TAHI ded, D/BY EEAHY BHYE HAMA Ocean Data
Viewer(ODV)2He £ZEdolE 2483 E 7358 DB T ¢%c 55 39 Chd
Data Base®tt Z0 HOoZ ascii #4989 FHz RS 28 302 +34
AHAAE FolA &, AAAN), chlorophyll 2 =9 #F A9 3T X,
Zt Axet € dsix SHE BF FPFE BAF %S T chlorophyll a Sl
g% Ase F2H# L £y &4 a4 @ A5 HHA A5 Al FH
Aol & AL & F As

71& BF A7 YFELS National oceanographic Data Center(NODC), Korea
Oceanographic Data Center(KODC), Japan Oceanographic Data Center(JODC)Z&%-H
TIAHAS.

T3 A g o &3t AdEHE EEF ZoMLD)E B3 Mg AEEHIE
A QoA AFo2HE JYEY FFH de o8 /M54 S FAlste 89lez
F2% 9Ee ¥ a2y FHAM EEY A8 BFo2 Yk J|EFS2ZHE MLD
53 A7 & wEA 2 AFAE 1960d °lFl CTD, MBT, PFL
(Argo), XBTEHE FA € 1 =Y & AEE F71 389 & profileZ F-E
MLDE Z333U 5.

CTD, PFL 3°l 93l £3€ 2 AHEES F2 profileZFH F4 10molA F&3
a ztelzt &z 0.2, 0.3, 05, 08, 1L.0E ol F7H3t7] Al#de $£4€ MLDn
MRS, T HEE 05=¢ 1= E2 ¥9¥ MLDE Asdlen, oldg
D’Ortenzio et al[2005]7F A F o A& WH & mWebA quality control 5& 43
RS B¢ ZF 982 MLDY AR #71 AR B Ao o] Qi Aes
gFsiRem, o] He Btele At HE interpolationd §3 MLDE AEHS.
% 312 T Y= 0559 197E 49 U MLDE BAF. ALH deep
convection®l ¥olue oz Lz dE EA AZAQA MLD7
300mel Al 1000m ©l’37kA] AAAE RS ¢ F Ag. T3 FAA ol AL
2YN-E FAHol FotA 7] AFsH FHA o]Be AL 3YRE FHo] Folxy]

ald



AFE a8y T8 $E5E A9 39714 MLD7F oA Ae¢S 59,

~ F8o]A spring bloom< Sverdrup9 critical depth hypothesis[1953]2 dWgE &
A& [Kim et al, 2000]. WetA primary production® respiration®] ZoFA & critical
depth(CRD)¢} MLD9] Algtel] wtg S L HEEFIAEY] 4P 588 488 &
MLDE F2 profile2 #-6 H|13 HA FB 50| 7153y CRD A 3oE AA
@ #50] ey ALE T F4o] Laj ol spring bloom°¢] FAHE e
CRD$t MLD7t #tix 7H33te, Sverdrupel <93l ALE A(1)g o3l
compensation light intensity (I.) &< F3 R o] %22 %¥ critical depth® F4
31R2e. Ke ¥ 29YAF, D critical depth, RoS respiration. Po= E oA

production, s HEFo]A W& v

R

(1-e*Pry="2 =

I
I, 1)

Pa]

KD,

O R2E 1989ERE 20024 T 42 SeaWiFS daily chlorophyll a, PAR, 28l
D/BeIX FAH8 F2 profileE 278 @< spring bloom ¥4 Al71(2Hg} o] A7
PAR(\HS} MLD(TthE BoF. (7hHe oleig AR ZHE F% compensation light
intensity® X2 &. Compensation light intensity: production® respiration®]
ZotA & 49 light intensityE v]ste], SALNE 7|€L22 3t BF o]
@] Xolg Boled, ZF AQdME o] A9 LAY A& ¢ F A& ol F
A4 spring bloom A 7179 Aol ug. uwEtH ojHeE FHdA
Sverdrup®] critical depth hypothesis®l ¢J#14] o] spring bloom ¥4 7]1#&
A93ts T8 aUolfey, o] A FHALE 7|ELE GET BEE X Yo
W =3 9o & 821°] spring bloom ¥4l 4% d¥E vl £ AL A4 E
HAF,

- S3d FUSEe e 8§ 7149 JYEH AEFd A% 4T AL BN
AEEZIE Ao 4%E vd & AL I FEY f4o] AEEFIE
e 4FE Byl 8 FHE Fd"He A FEFE FFIsed,
Amur 7ol FHe F83 259 FFLYE ¢ F AT 33). 2 ALdE

sea ice’7t T3 5% AQolM Fad g5 FFLLE ¢ F IS(2¥ D).



- 9FH4E A5 tEo] FI Al AAG #F, I, Aot 73 @EAhA
38 A4FE FANNE. 19 U= B39 AZAA FHE 200184 98
ZrEFE RAF

- £8 A59 HAE T3l 48 EAY oflE EAA sediment trape ©] &3+
Z73 ¥ mass flux (total mass flux, Al flux, opal flux) A8 E FH3t9 D/Bol
7M. 298 35E 20019 FM FE EA MFBoIA FAHE mass fluxd
Azt W& WFEFE HAF, &3], spring bloom 713 FAE FH-3 Fole Al
opal flux7t & &g X3S

- 94X AT AXNE TOMSY aerosol indexZFE FAtel] uigt 71E @& dA9
HIAG AFE =937 st 3 Aol AAT N BF2A @2 AA
(visibility) A8 & 333,

- Feol AEEFIE 43 U F248& =317 daixe A2 AFE Fed
qE F v ¥ FRJL Y_F a8y olg FodAE T F Fed &9
A8} A HEE A%, 28y HIo) JB FFlolx tist dFHeA JEERA
TE AYQelA 79 Fe & FAULY, o] ¥=9 FRE dFdtd 7&E9
D/Bol| 71

- 75¥ D/BERH Z 4@ AAEE T AE=E 1582 data® T &
Y82 standard depth(0, 10, 20, 30, 50, 75, 100, 125, 150, 200, 250, 300, 400,
500m)ell chslA 2zt AAES] HE S AE3AS. AHE-E data F two standard
deviation® RAYE BEE AAFTLZA quality controld Al &AL A& d &
el g7 =S gEL 55 39 CDol ‘Biogeochemical paramters'ghs B9 Erid
age2 FFEAUS. FEE Tdd B an'e AFSE AAEY HEF @, dde
el Atslo] AlLH data T, ‘sd’E standard deviation, ‘se’™ standard error®
%% 2% 362 BFA 499 FL3%, APYF w59 FT EES @9 A&
At8% data &% standard deviation® R F.

- 3% 372 7%% D/BEYEH ¥& € TEIFIEY AT WL BAE
FALAE 7IELE EEY 5% A9L 4y) g2 AH ¥EAE BY 9F A9
spring bloom®] AZE & Al719 AL vlx@d A7l FL sized &3}e 27AF
(copepoda) T°l +H3HEA F438A F718th7t bloomol FsiAHA A A Fe]
ZA2E EOlE bottom-upd FWEE BY. 22U 5F QM spring bloom
A Al7]ek Bld A7l FEEFIEY AAFol T, AFAE A Fo]

A FASI S
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A2Ad T3 A FBAAY ¥WEA

1. B 73079 HFA

7h AAE EF4

- SeaWiFS E% chlorophyll a9 ¥4 ¥ £X(3¥ 174 ¢ § AXel F3l9
A APz S ETFAE AAFY AR AFY ZAort vetd. 53 AgR
sea ice’t 84 == Primorye coast A Y(regionl), 340l A== A Y(region3)=
NELR B A Y(region2)® FHF A Y(regiond) 22 1 Ao|7} A et &

- 479 AGE FALEZ 7 AARESY AFE wEAHE EMIANS. 2" 38 4749
A QoA EF chlorophyll a% SST, MLD, MLD W< 4%4AN, P, Si) =9
49 ¥BA L BAFE 53] bloomol HAHE AI71¢k Fye A7]7F MLDSF dAtge
A M FFAgol & Re & F UL

- 2% 39% 4719 A G9A bloom 717t $< chlorophyll a2 559 WAHO2 spring™
fall bloom® 371 ¥F8, Primorye coast A% ¢l bloom®] 2717t ©& AHE}
Hojx 2u] o] & Aoz UE,

- EEF U9 FAEMT AP b, AAET FAESH Hle] 98 ¥FAHE
ABRE(E 40) FAEo] QAEFH FAdel HEA AEEFIEY FoT AT
Az FE3te A ¢ T+ UL

- 3% 418 EFIAEE F4 500m Alele] AAGE, AAE, TGS 94 ¥ES
GEbd A2 ALH deep mixingdl MM AFe FIEol 4FoE FIEHH,
4% ¥4 spring bloom°] FAUE A7ldE #F4F He FFQFol F43 #&
e A& BAF 712 AFol AXEA A {35 W JYF =7 3787
AZAE olg @ BHEL FRTAA F¥EY Ad ¥FTAHS EXFAEH HEESZIAE
A% AR 4840l A& AL ANT

- 284 Primorye coast X oA A4E# 7L S & AZ EFHAE 40
Bolvy ALHE EF FAE ol9d] o] AHe) AAH AT otLE ZH Tatarskiy
strait®] sea ice®t &2 FFUY AL = A& ¢ F U

L

-z e 87 AAY 4 ¥EAHe AFHOE BN Hild dFHAHo=EE
U2 SST, ¥% chlorophyll a, wind speed& 422 EOF mode ¥4-& HAIEH5%S.
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a9 42578 4% Z7 ®F chlorophyll a, SST, wind speed®] EOF €4 Z#E
BAF,

% chlorophyll a9 Mode 1 AA chlorophyll 2 3% W39 421%E Yeldx
doH, AT Gl £3 JHE 2¥9 FHSE AL 7AAE ¥k S
A 712 5 200114 2003 d Eoll o} 2 SR} 73 chlorophyll a %9 #X&
B o]# 3 Mode 12 39-59 Atolo] FAMH Primorye coast, Y€ £A A%
299 blooms EE3L Y-S Mode 2= HA chlorophyll a %9 Al7hase
99%E AAstL Yo, 3¥-4¥ FHAM ojgde] A9, Ee iAo} AL AH9
bloom¥ 5¥° 4& £A §F AHolA HEE bloomE RN F. Mode 19 A H
Mode 28] 24X chlorophyll a ¥ AdAZD gEo] #3 Jd ¥5AHL B4F.
SSTE Mode 1°] A SST W] 969%E A s, Agole 20 ¥ A§
FolAE ¥MEAE FHEA BAE FAA olgdy AFE ALH drt dF9
B2z BEZHY 2o g1 qFdT EFAYY FAH F29 4sE
BoF3 L. 28U chlorophyll a9te 22 23 4 HEAL Bo|x &2
Wind speedt Mode 10} A vl UAY g52%E A, T2 Barjn2gS
AYE A7k BEAAESE BEdstn dS. ARAF7E vid 1990 peakE® RoleH),
20021d 11€el& 20039 192 ¥ peakE HY. ol 2002dolE ALE uidol
T o vE] 270€d A= dF AFHASE A9 E. Mode 12 1] & wg
AR 7} 7t AL, UnA gF7ldAs EOE peak’t $AHA ke
ool ¥Ha] Mode 2 1'del #¥olA A ® Alo]d] g F71& EHsn o
ol 40°N °l%9] T HFFAA FE bgg ded agn dAA ¥9549
34%TE& AAH 2 A717t v g

a¥ 4= T A= 1= WS ZF MEE daily chlorophyll a $E°|
Gaussian curve fitting H'8& 83t A|Zto] @& chlorophyll a2 =2 AZF3HY
HEeo 48 B3 Y& spring bloom8 BAAZI(GH, 71 283 bloom®
A7I(hE B9 F. id spring bloomd FAAIZ|} 713, A7l F30o webAy
& U%E BY. aeln Aities gE QL IFAAN ol RAYH vasfs £3
bloom B4°] 1€ A% w2l YAHH 7% =8¢ 12 A= ¢ A AL AL
4 AL 2HU HF FES BF A9 vjmsiA 2AA Jebd
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=

104 oldel F7] HEA

Regime shift®t &2 7|F¥Fo 8 U] B3 &7 st 7|z AUDA -
e FF¥E gotRry] fs aFd FHAT F AAEY ARE &Y
anomaly® T3t 4zte] JF#H 333 59 ©9Y running meand AHEFEA LS.
a9 467 478 2 T dE ZFNA £ 300m7HA Y chlorophyll %9 29
AZYE anomalyE EAF. 28y 39 4804 B FX0| anomaly A4t o] &
7bs @ data F7F WS- B-F3o oleg AHE HASE o YoM Fost Bad
Chlorophyll ZH& ¥ olyzt 9<¢d A8 ZF¢= 10d o4 F7] wEe
A sted YA Are Age] A AL 30). vlaH o8& 715E data
T} B& £29 anomalyt 3 A A QoM FFH F&o] T e
AYgE BAFn, 53] 1900dthol 1970dtHet 1980 d ol HEA 0] & RE
¢+ AS

a9 495 F#ANA L2 R regime shift 21719} ocean color A& 9] o]go] M5t
ANZE BAF, 1976/774 9] regime shift® 1988/89'd regime shift Akolo]l CZCSH
EZ chlorophyll a 5%¢ #8&c] 7}H&3l9, 1998/99'd regime shift ©l¥Fol&
SeaWiFS$} MODIS9 z&¢] &80] 7Hs¥. wWatA CZCS% SeaWiFS @5 A719]
AEE olgdtd V¥ WEH BAE3G T Az @A B v Gl
U =97 7M.

CZCSe 7% HE 30 ¥58d 99 chlorophyll 2 5&=¢ ¥ BXqA & F
Axol o]g 7tsd A7 HREE FHL olde] EAFE. wtA SHAL o]
AGel A CZCS BF A1719} SeaWiFS #F Al719] AR E AAst vl - BA3AE.
a9 50& CZCS #3 Al71%h SeaWiFS #5 Al7|15d T3 @& AYol4 2447
59%< 2 €8 chlorophyll 2 % #9 frequency £X Y. ¥ A7l 25 spring
bloome] A¥tH oz 3YRE A3 589 BUe HEdE 294F2 S 28
SeaWiFS &% A]7]¢l& chlorophyll 2 X #<¢ X7} bloom©l peakdl =83+
499 gutzo g #YgolA bloom Al71EY BFHE Gaussian X E HAF.
a8y CZCS #F A71Y Afols §F02 skewedd ¥X P& HAF,
D/BAA A4AE5E AEd AYd} FLE A9 chlorophyll 2 =2 A8E
o] 83l F Al7]E<t chlorophyll a 5% #3 BEX(a¥Y 51)& vms] B9,
SeaWiFS Al7]olE &8 maximum chlorophyll 2 =7} MLD Wol| £X3te EA4&
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BolA gt CZCS A7l maximum chlorophyll 2 ¥ %7} MLD ©ohefel EX3e
EA4E B4

- F A7ES 2 AR & AEE o839 A& MLDE AUEE, AL B
ol He Aolg Rolx & AL(2¥ 52). 2B Chiba®t Saino[2002]9 ]38}
Bad wet Zo] CZCS Al7lelE solar radiation®] F7F2 U3 SeaWiFS Al7]
B 43 Zsd AL ¢ F AS

- w99 AFEL 1980d el FE EF AGeAM HFAHE st 53
AEEFIE AP Bag d¥dY FFol AdAHS ZAF spring bloom©l
SeaWiFS Al7]Eth JAd A& BAF,

2. B8]3 847t AEEHIE A& YA 9%

7}, utg

- Hige AEEHIE AP Fezdd U3 4949 7FF W v= g
QYL MAER AEEFIAEY 4G LFT BAV AGEHAS. EF Yamada
et al[2004)} Kim et al{2006]2 T3] 2 2 A ¥ H=¥3lo ulg3 spring bloom
Atole] AAZ FRFAE AAHAS. 29 53 & 7NN AL EH ¢
vl 3 spring bloom 432171, 713}, peak chlorophyll a ¥X=99 A& AFE 53
A NEg I A= 152 FRSY 78 ¢E HAF 2y dA3HE s
23 4% YA spring bloom Al719} 7|3, peakdd LT ABHAAE
Ho|Ag YAZ ARaAZ BEA 43 ol ALH A uigd AF F49E9
TFH by AZIvr FHARA EEFo] Lol Rl WE U xA9 FF
e 8Qlo] T8¢ A A AR FEIe AL AU F.

ol

t}, sea ice

- 58 BRAQelE Tatarskiy strait® Primorye coast3 < wetA A& Aol sea ice’}
HAE(2E 29). E3] Tatarskiy straitolX A E sea icee ALH o8 ¥ B¢
Primorye coast® Wet4 ZE2F Liman current®] F8% soruce® &3t Ao
B39 vl A& [Martin and Kawase, 1998]. ©] Al712] Liman currentt sea ice®)
dFoz FHe sirrc FdFoz FEo] Rof FFH A5 E FAsA AE

P28 490l Rad Y 21¢ 342 + AL
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- 28 54% 19989FE 2003'd F< Primorye coast A HA SeaWiFSZHE 41& ¢
E3 chlorophyll 2 %% QuickScate25E 5% wind speed 223 47-52°N
A QA total sea ice area® BH|EE ZAOE sea ice melting Al 719} spring bloom
FA4 A71e 2 AFAHE BA9F 200039 3$E spring bloom ¥4 A7]|7}
A A=A = wind speede U sHET} o AT FA YEIRS (Y 55).

- Sea ice melt water®] 28 4% °| Primorye coast®] bloom°l ¥ & vlAE A&
& ARLeH, 20004 3¥ T BE AY @F #5 A2 E ENT 2H sea
ice melt water®l 9814 Primorye coast® ™&tA bloomo] AR £ 330
AL Adgol o 4Fo] YAEHA Ye RE G # & AAH(2¥ 56).

- 1% 57 sea ice melting A 719} spring bloom 4 Al7]9te] 4BAAE BAZF,
Sea ice melting A17]7} WMESE bloom 4 AIZIE wE FY¥E BAF 28y
A AT v} Zo] 2001dlE sea ice melting Al7lol 7@ wigH(2E 59)0
g3 435 Aol JAH bloom B4 A7I7F ALE AL € F . 1Y 588
sea ice melt water volume® spring bloom 2799 4V L& BAF, 199d€
A|2|3tAE sea ice melt water volume®l E4F bloom®] I7IE AAE AL B
o] 2L sea ice melt water?t ©] AH< bloom ¥4 A7I¥T olve} bloom] I7I=
S vAe AL AviEty, 53] HEEFIE AP o YA Fo%
FIBHLEA FE9 54 E ANEE R

- 1% 602 Primorye coast® wWelA chlorophyll 2 559 wind stress®] phase
diagram?® H|2§ HAo=2 wigo] AFHAUA ploomol BAHE AL ¢ F AL
o] AH2| sea ice melt waterel A& 4F FAAE otz wigd E¥ bloom FAl
F9% 98 e AL 0% '

- A8 AFoA ALgE MOM3E |83l AEE current speedol]l 3HE o] Ao
&2 AL Bl 2-18km/day2 HW £ 45°N9] H9H AAF sea ice’t 5
B9 olFo] 7t d. WA 45°N olde] AF9] & bloome Primorye coast®
et FAHALD 3 AFANM Y sea iced Fol AE.

t}. eddy

- 2% 612 ¥349 D/BY F& A89 AVHRR AAMZHE 53 SSTE A8
AToA  F3o] FHEHE MOM3 EDE 0|88  3-Dimensional Variational
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Technique[Weaver and Courtier, 200112 A &£3lq A& EF9 F23 IqF
TZ & A& BAF. T3 EF AYE 5F A3 vudHA eddyd €%l
gud AL & F A

B3 YJESFIE F&Y A -3 HEL 9F AYH HodE eddyd XS
GAHIY 62). 53] eddydl 7HF A2E BAAM L =S chlorophyll a =7}
EX3H Algto] YA eddy coredl ¥ TVt JFHE R B F UL oE
eddyll A AT F4FY 4FH2E 80 T & A& Yu g

Eddy® 4%& ¥e YL eddydlA BAA e AYEY} spring bloom ¥4
A7 wE AE ¢ F ASF(3E 63). B eddy’t FE FFHE AYGeAE
vt} spring bloom Al7194e] A@aA7t BgeA] 2 A& & F UAH(2E ).
wetd] F3 9F AGoAe eddyell 93 GE FFol @ 2dR HEEFIE
AR Fa% 2oz ALY F USE guF

CBAE ABEFIE AP vAE 9%

FHE AR e FE P% olBe AHE FHo2 ARt Auztern(ad
20), 53] Bl d€ X MEZ A9 71 B2 49 ALY deposition®l 71HE.
FAte] ZFRHE A dust FYH YL FFol AEETFIAE 4ol tA=
FFE Yotr7] A3 T3 EF o] A3 Folu thE A RellA Jgd
advection?] 4 &o] HlmA F& Aoz JisE F AY(BL, B2l A Azt
W& chlorophyll a &X(SeaWiFS9 daily A&ElA 4t&)9}, MLD(Argo drifter
data®} APAFAA AlLd EYZIMOMI)S ©] 239 data assimilationd T3
T3 gh), 28] aerosol index$} precipitation dataZFE FHAl AH A7 dust
deposition process® TEIIAH(TE 64). FAP BEHA gL 9 B3 bloom?
271 B #24 et 4 298AE 2717 ARE. 223 bloom A AVIE
=S, 53] wet dust deposition®] ¥old 312l A9 bloome A7 A7)7} A%
A3 gxted 200193 200299 Bl bloom A717F ¢ @2 I g ¥4
HAS.

F AgelA MLDE st 23 #AE 2. 281} spring bloom? ¥4 A7)}
A7l 4% PF F e wEe A79 MLDY ¥E2 bloomIE H1F &
BEE B, dE €0, 200149 Aol thE s vjusA vmA wigke] A7)zt
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2% ARAS2Y bloomS L3178 F AQA ¥ 12 Ax ¢ ¥ FAHASL. o
g e 223 29 94 o 299 FeAHL HAF(2E 65).

Sverdrup® critical depth hypothesis® #-&3td 5 A Y<| spring bloom 713+
critical depth® FAHIAF(E 2). FAlo] g3 €& 49 Fed FFo| d¥dHE
2001, 20023l o} BRv} critical depth’t < 3-5¥i7AA] oW A& & #
A& ol #FAld 93l FFE Feol F AYGe] JEEFIE AN 3¢ &3
HEEFAEY 4% £33 EF chlorophyll 2 = F71¢ 9do= FA§3 e
MR BAE.

A ge 39, ALHl 2 MLDA o3 L Ago] AAA =HA JESFIES
FEAol 2o Fedl 870 F7stA =9, old dust event®t 22 FF L
& oFe] Feol FFEHY AEETZIAEY AU F32 ¥ critical depth® ZAol7t
#2o A F e 75l ANHUEMoore et al, 2006]. WetA F AGAM =
AEE 2L T A3 BEqMYY BAY Feol AETZIAEY AR g
Fa% 48L ¥ 5 3ls

T8 F AY9 Fed annual budgetd FAHNEH HETFIAE) HZL A
LR E 3 Fed &7F0 HlA 7|9t AFo2RE FHEHE Fed 42 50%
Axo aF(2Y 66). ol ZAANA FA}L ZE episodic eventsZH-E] wet
deposition™ #Zprocess®ll 93l BEo] ol & 5% FEZ o] Feo] FFHE
AL T8 AEETHIE 4P & 9% 1 & Qs

374 Fo 47 273 S4¢ 199 29 A4 2 493
.58 AEHEE EAHL nEd 2l G Wl g

APAFol A 33449 ¢ 10kme] FUHAIEE 717 AFEEeE ndy P 3}s
2d9 L A=Y, T8 A G AHH T2 WAL EAL € 2d9
HFAFL =3l7lde A8 A . FL Age] HL.

2 A7 HH AR 4 AFA & F R0l T AF EYHF xA0]
Ao we} zol7l FHAF. AE Eo FAM olgdd AFe urhdFY g
eddy activity7}b 833 202 horizontal process’t AT, FAA o]F AFe
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sea ice melt water®] 9U¥FE ¥ Primorye coast X Y& AYstne vz
vertical¥t process?t F8FA FEFH. wEtA FHE A A 5444 uheiA
AGE FEHL 24 AGE EHE TN 7 o FA AP Fejo =4
Hgo] Zagh

- AEEFIEL Y 7 a9 BAE L passived 802 HNEESFIE
HEAY Aol EY B 549 Ao THAHLE AN & F U

AEe VIR aEE JESZIAE BAFY A - TL HFES AT EOF
Mode 13} Mode 29 A#E 7|22 F39 A #F EHL FE 4 dav,
F39] 9 27 4% Primorye coast®t £ AUARE Aejstd A FHAE
NEoz g Roz FEE + UL

- 53 E& A9 FLE H XA vertical physical process’t $AMSER, 13449
2L g HEE 7€ AASE 2de HEUS. T EF A9 dridFa
advection, eddy ¢ 9&o] A FE3le oz 13Y EIEdFAY HgAN e
FA7F AL WA water columne Az @A AE A o] ojve BF
BE3% Azt 298 AF, 2L F F Aol F48 2= FAE Al 3o
TEA box Mde 2dE FHEAUS. 23y Aoe MLD7F HojA==
149 boxZ AFEHAL.

2. 53 AEHEE Al HE4d 29

7y E9 239

- 139 &8 X292 bulk turbulent kinetic energy models, turbulence
closure models, a non-local K-profile parameterization model2 A 37}IAZ
TEE. °oF & A7 1ahdxe] Fel HEE 2L buk tubulent
kinetic energy models®l &3 PWP REdo|S. ¢ 2L #£23 EHg39
Ad W¥Ed L 54 Ade AT 22 1Adxo] ISHHA oF
Age AZE MLD ¥EE AFFe2 AL,

- a2y oEd Rde A AR FR EF EAE Adde AN
g Dol AE wEA 23 dxRFEE AFEFEY AL A scaled]
8 FA Add FEI}A AHLE F£  JE  non-local K-profile
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parameterization model(Kpp)2 L83 S EY g2 HE 24 AR

. ABAEe 2

ABAgs 2DL Doney et all1996]]l sl AUE NPZD EdE& Fjol
HE3ARAS(2E 67). 28 NPZD 299 compartmentst! AEEFIAET
FEEZIAES sizedl wWE € o AR dE NeZD EES HEsUS
(38 ). AETFIES(PHY)S diatom(PHYL)® small size plankton(PHYL)SE
compartmentsE  TE5E, FE EFIAECZO0)E sized] WEA  small(ZOOS),
large(ZOOL), Z3n H44 type(ZOOP)Y compartments®  AE3EINS. NODIN)9
Z9% NO3% NH4Z FE39L, detritus(DET)E  dissolved HEIY
DON¥ particle ¥HE|®] PONoEZ FESUS #E 43 =2dd Algd
parameter &< HE 20] HR3IAL

NPZD =93} extended NPZD EWL FHM o559 AHdAE Kpp 249H
st A" 54 A AMEEHUZ, FHAMA oldd AHL 39 Feo=
TE2E box model NdE& &3 MLD Ul & compartmentsE <]
Aol wE WEAL AL,

EaE tides Jidd 1344 82358 242 PROWQM EI(2¥ 69)& 43
@7 oA FHAM olF AHe Ay §4 RALE A3 HE3RA-E. Doneyl 93l
AL 2doME FAEE 2HsA o, 39 Z$ spring bloom A7)
HEE diatomo] SHIHEZE FAYEel 2R compartmentZ FAHO A&
PROWQMS®! A &L diatom™ WAIEHe] 23 484, AAdd FAE e Aud
T84 T olsiel AFH.

AZstd Aol Ao 29 A G

T FHA oF Ao HEH BAXDY surface forcing NECEPS]
climatological heat flux, wind stress, wind stress curl A& & Y3} L.

D/BE ©l83to AFsd Z A AR REL(FF 3) Tl F4¥ 29
z7] go 2 JHEHAL.

299 = parameters #9 FFE T AIFAX Fd HEHUA
ojde] EAEL dJe] HEE =Ede] ALSH parametersE  AMgslIgioH,
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ol2]%# parameters’t Fd Al A EHE Fshed AFEA o%}
g Hojokg A%std Ae@H AXAEH  Evanst Parslow[1985]19] <3l
A|tE  simple box modell variational adjoint technique® &3} data
assimilation® &3 F&°] ¥ parameters®] constraing A=, o8 Y3l
AHSE A1} box modeld parameterst % 201 FFESAL. ol AEE FF
2 FAel BREAA F3 AASE Zd #9 errorE EY F UL AQ.

A4d 2D FE&S T Fl AEA FL A% AT
Bl

7h Ad ¥EA

- A" 87 AAEY WA BHE BiA ASEHIE e ukzes
AL B9 Z7lde e YA azm BAA oFde FAgd)
93 controlHE A& ¢ F AU /8ol oAl MLDY Hojde=
A3 FEFE FAG g8 EFrRo FE/ FZE fall bloomo]l Yeold.

- FHY o859 AYL Kpp EZYIH NPZD, extended NPZD =2dYo HL
Tl HE-FEEFIE T ¥WEAHS Adcled, IFAM oldy AYL
MLDe 98 3749 Fo= FEE EDIY NPZD, extended NPZD Ed9]
g T8 AZE wsHe AL

- 29 7% 71 MLD 49 AANYE, HEEFIEY FEE EEA9d
5549 oA A ZAE RAGF IFAN ¢ F UARo Ede
T AHEEZIEFN dIEd AR ¥sAHE F HAgFH en, 53
T GEAHe] FHo EEAGHT wE AHF PHoz A bloom
B4 A7 BE B4E 2 H9q Fn QS 2T 5E AY9e ALF
28 ETF A& s AEETFIAEC olf T JUYdol HEAY
2ok 2-38 A= 3 E3F bloome IV & A B9 Fa 98

- 1% T2t extended NPZD EQEHE d& FAHY EEGSRF EF
(NR)NAM S AEEFIETS SEZTFHIE A9 As AAFAA
diatom™ #& large sized AEETFIAEPHYL)H 2Z4FS T 244
TEEZIE@O0L)Y AAFS Azl wE HE RHAF NR AYdME
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PHYL®l spring bloom Al7]9lE < AA] AEEFIEY o= A
Jom dGYdel mAHE A8 o 5% AEE AXNIHE Aoz
vehg. 7heele 9¥ge 2ol FEFHUA AFEY BZF oAl Fvkshe
HEe EY. SR AYelMes AL Fol PHYLol A AEEFZIEY
% 70%E AASHY AT, spring bloom 7 O]EREE ¢
0-50%5 AT Mol =HEA oAl o Hrt SR AAY FEEREEL
NR A HolAE spring bloom 7]t &< AA FEEFFIAEA  ZOOLo
AAss  B7E 80%7HAl FUMEtL AEE 60%E ¥y ¥& HE
FA. 7tgH Agole I M7t F 40%E @A JEbd. 28y SR
AgolA ZOOLS ®lE spring® fall bloom 71t &% I H7E 60%7HA
F7Mtn AgH AEode F 40%E FASE Aoz YeEd 244
TETYIEY SR AYH NR Ago]A oz Azt wWE WHFYL
T%d D/BY FTEIFIE A BY AAdME@EY 37 2 e
NR A99A spring bloom Al7]o]l PHYLY diatome] $d3le ZAids
2004 5¥°] FalolM #EE AR2FE 1009 T LA

- 3% 73& AEEZIFIEN FEEFIAE AAFY trajectoryRE SR AHQH
NR AQelH FFIE dynamice] Hol& RBAF NR AYdME  spring
bloom A& Al71(90¥) AAAE AE2LFIER FEEFIAEY FEVL
22 3 olFde AEEHIE F=T AT IE RO FEEFIES
d@s] FE/ wn o @ @ Fo] HEETFIAEY BE Fad
ANFsRe AZIA 1502 Aol FES peakE BY. SR AGeME HEEHIAE
=7t §43 F718te peak Al7I%t FEEFIE FEY peak A7IVH
Ao A

g d ®¥FA

- UFAEeERE e v, solar radiationF & forcing2® Y3}
B8 =AY d ®Fol A DAY B v IYL Yolusgts.
a¥ 74t T FHHY EZBAYQYM =dz¥E 53 MLD 94¥F
Al § dF, Argo diftercld ¥& MDY= F IAFE ¢ F UL
I8 755 MLD® CRDY <dWFo] AEEFIE Aol uxe gkl
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six  gobe HAoezm, MLDWY chlorophyll a2 ¥$%& MLD7t CRDEU
EotXHEA  chlorophyll a s =7 343 F/ksle EF bloomd
initiation& & RA9F1 g 2z diAZ MLDE €& #9  bloom9]
3717t MLD7F & #XEY bloom® 377} #FE &4 =3I HAEF
ol MLD %¥W%ol o3l %% uld AEEZFIEo] & sy ANY
T2t BEE AeE ¢ & Ui

2. 715 Wsrt w3 AH ¥4 W3t Al vA e o

- CZCS% SeaWiFS9 chlorophyll a ¥%< D/B AEZHE A& MLD 59
B4g F3lA 1980d et 200004l e solar radiation® #EE EE 43 A9
ol7t f33%F U F4EH AEEIFIEY HAAFY Aolg xUYH AL ¢ F
AR o1t L 27}E EHE PROWQM EEE A3t mixing rate®] A|7]¢
A€ AMNGH FAEY HJF OE 83 2H0A JEEZIAEY TR Au
FEE A=A ety 29 P& FYIHUS. NCO12 F3oA &= N:Si
ratio?} normal mixing £, NCO2E NC0l A mixingg 28 o3 F718 3¢,
NO032 N:Si ratio® FH¥l2 %7}l normal mixing &7, NOCO4= NC03 =79l
mixing S 28] ©]d F718 2NN BY simulation® 29 g

- 3% 762 425°N/1375°E A9 £33 dFEES PROWQMS] 2712 JHatd
NC01-NC04 =3t ZdoA AEd 23 diatom, flagellate, AE, FAE
FEE BAFE 29 772 ERS W diatom¥ flagellate®] = & E9F. NCO19|
AY B8 5% AHANA diatomol $HBE spring bloom®] §4& Z RAFn
AL, Y mixing®] A717t FeE B $-(NCO2) spring bloom HAAI71¢] & &
o]’ AL bloom 3719 F7F, 4 E flagellate?] $H°] FFE. = mixing?d
AZ17t Z8A Ae AEEZIEY T2 EF 229 vz 5& =7t AT
5o Yeld. NC039 ¢ NCO1Et} flagellate =4 3% F7H7F 597 10€
Aol vebd. NCo4el A-$ole NC03¢ Z4-¢Eth spring bloom A17]7F AAHALY
bloom® A71E F7HI LY flagellated] S5t 7¥NA 109 Alold ¥2 5=E
¥ summer bloom°] B4 E A& BHAF

ofk
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3. AEEZFIE A g Fed 93

- NPZD E2¢& o] 83t AL & T4 AEEZIE A4S LS U9 L
gAML FA dEotn NA(IYEL FEIL TGS AT 74A)E
EdolA @& spring bloom BAA 719 SeaWiFSZXE #EH bloom A7 &
HaatglS. 2Y 782 B2 A QoA At g d 199993 At Wl F FH7}
AAE 2001dxzo] ZdoA AL chlorophyll a 552 SeaWiFS chlorophyll a
T2 g2 HaE AY. 229 chlorophyll a $=E HYEH EAg
Ago] glemz oA AY JHE BAE
1999l 299 bloom BA A7l SeaWiFSel bloom #AAZI7F diA=Z
exg  23d 2001de]  Aeele 299 bloom HAAZIET  SeaWiFS
bloom FAAIZIZE ¢ dE A= wEA debd. olEE Aole o A7
FHE AT FAlol A% Fed #Yol T Rom AlRE.

- Fe& dWt3ozg AZEHFIEY FEHo 2EL22 FAH 4T & =z Y&

EZ3E0] ol & Jted HHlY Feol 338 Z9o AESFIAEL W9 o8 & &9
9 Frtgdan 713 E & S wetA olgg M ZAA Feol ¥8E A
(+Fe)$t obd Z ¢ (-Fe)ell P-I curved] 71&7] g9 ztol7t £ € AY. =&
AEEFIE AME W9 CN, C:Chlorophylly] Hldl= Fgg uv]d A<, ©]E Feq
ol A& B9 Fedl 4ol gl Ik 21Y o9} FE3le, NPZD EE S
o] 43t AEEFIEY chlorophyll 2 ¥E9] ¥W3slE H L3 HS.
19993 9] A fols Falel FAtdl % Fed Fdel fAL siol2z o] d9 g
ARt 2de] 48L& £Y3AS. 2¥ 795 B2oA P-1 curve 71€719 24 57}
o2 WE TEF U] ASEFIES NG FEY Al @E ¥EE BAE
Feol 3&% #AdAE HEEFIEY AAF 371 £ bloomd FA A7
22 AE ¢ F AL EF Feol 338 BS54l £33 U9 AAE =71
HEEZFIEY YA o e iy 2528E AL B + UL

A5 A FF B BgH A7 B AN

- Tl AAss 2dg HEs] s AFFHY #/EZ A8, B3 JYdH
chlorophyll %% #2 A&7 vf$ 253 YJFojojH(ay 80) Edeo x7)g¢
AR AFol @ FFoMe A} UL,

- 39 -



- 3T EAST Z2a%o] AZHEA T3 d& #qdA AAL Aae RE ¢
B350 FYH YH(TY 81). FF o= tIF HYWE T2aYe Fy
T Holk B @& F AFAX Y ARESY AAE A8I FrE O}
g R4

- O 82 € A7 Z2HE EdE FIHAA neFHo Ak & Fo AHEF AAES
HAF T o4 £, 3%, YEHH S0 LR g UL 53

old9 AToME THHA AU HAtel AT Fedt 2L JYE FFY Fa40l
€ 478 T ANHUE. olHF §4e 2d] neEy] HMAE T T Feol
B Rue Wr2RE FFHE 9999 FE Fol IF¥Y. FF @EHM e
ol¢t #AE F4 FF FIU FAE

- 8 d7oAE box Z23 13499 2dE L3 Tl F - H g Ay 54
Aol 4L, 28 FAE FHAH Primorye coast AY F, I A
BAEAHE Ad A9z TEE WA T 54 BAE M 3=
32Hd 299 Aol oy a2y A 2dF & Yo Az Age] 322
oA JiZ® ERSEM(TH 83) 2l Z¢AY FaE A 5S40 wety og
N AH(box)22 TEEL Z AFE F4 dlAE 98] 79 boxE TR
TZE o]Fo 2d9 {2 A 4 #ZEE AT ude] € & A RAY.
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H4Z A7 515 €483 & ZEZokle 7[of e
A1d B g4x
ATER BHE
AT %
10120} 30} 40 | 50§60 ) 70 | 80 | 90 | 100
4 dges 100
D/Be} 3
\]
gaay | DFH4 AE £9 2 1100
el A% s x
Azs | 129 25 F=9 24
SER L 1100
A58 AR
@7 Ao A3
WA 100
gy | EAT 550 b
axe | HEERIAE 4% . 100
i HAE 9%
A7t 4B EFIE 1100
3ol viAE 4
SRR ACEC L
283 | pao Ag 2 zy 1100
S48 “EE!
EEL
22 4% | Agse dudRe 24| 110
% 29 48 °
A58
eq | B4 4987 54 A9 | {100
$4¢
¢ 54| 71%ust B 100
A7 | gugRd uAs 3%
72 A4
a7 | Feol 38 48%3aE oo
ol BiNE G
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A 2d BHEEY J|AE

- B3 ARG AAEY D/BE AAALE FEFo2A T AT 8@
data A&

- %8 spring® fall bloom 71ZHE¢ & A8V ol$ E53 43 B A7 E
T3 o] 7ItEd AR REE FYstd ¥5F A= AF # bloom 717 ol FA

- AR 58 Qg ARHE Fi T HELHE Zdd 8T 27 A4 A5
2 2d FF5 Lo v A5 AF

- 589 BAHEA 54 B E Tl ¥ M A 2 AL LI A

- Aol 2% Feol FFol F AEiA wA & Ae T s FEHFEA
39 & marginal sealX AFAE & nHHA FAD Fed o4& A
AA 9 FetAEA A4 L #A AT A st 7]

- Bde AXHSE S4 795 2y AR 2o AAL Rael YaAe vz
FozA FF o] AFoAe] #E FE3 I AA

A 34 Jg &%

- A3 ZdoA EAE Fa 87 23 4 AAF T& ¥YG AHELDd
AEFo2H T3 F2 F4 o1F9 o7 o A=

- A Ed2 Ry dojAe FY A Aags F2 Y AF AA BAFFHY
FadA 2dgE ¢ ALF A5

- 873 9} SF AN AR F9HeE v ¥ B

- 874 ¥gagde 13 WA 4 AddE =4

- g, FAE, 84S P2 dHgARe FAH AT A2 WY Eok A

- 712887 S3HETY AEE 5 12 HEY 4

- 298 3 vdAE T AEA B HFg AA

- S1gae 2 ARG SE FEAYAA AAEY A7 $F R wiA AA

- &3 AEA B3 Ao}, 48 TF ATE £ F A= 715 vHEEan
AT T34, A=Y 988 9% 5 Ae 9% 3
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M5 & AFY Zute| #E3A 4

A1dE FHATY 984

- & 3d9 AN ES AT ololA D/BE TEEULY, A3 T A
EA49 oz 2 Fafiol AT 2 ALg A FESE ABI BEY
et A& AAE At 852 A% 3713 dFeF Z2aY L A2
TFo] Tagh

- AFAAEAAM dEE BEdAdd B ARE FH AEHEA s 2D A
o @5 ARt Al - T AFgo] vlu3 g webd AFAH ez APHY
7o) ozl FYE T=d L AAEY FEE Y4 ASE €L &Y
T AE W 2o "ag

~ ZAte] & FFEHE Fed 240l FHHALY oj8jF EAL 2o 4§37
A Fedl &8 - 318 - BT A process?] ©lHE A% d77F By

- & d7oAME 1243 box 2ol HAZHUL. e o3P ZPYEL sea ice,
SA4, eddy T @ BHEA o2 FAH e 3 A EAE A
A AL wEtA] FEA o8 st s R AHEHS sl
ERSEM# #& =d9] sjdo] Bagh

A2d A2 &8 A8
- 7%%9 D/BY A 58 tIP Botol dFAEH AE T4
- Az B o] g3t T3 APA] By ¥WE oS @&
- B3 AL B Aag FEo) g8
B ANF FHE BE SAET YoiA Y ABEFAEY JoT £4
QA AL wgo2 e £4 A9 §
cBAES BAL wRoR ¥ R o
- A2 Algtste] BE e Ao B AT 298 S RARA Y BUY AHY
AR "ed 71z ARE B4
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AT FH web pages

1. Software

~ QOcean Data View (ODV): http://odv.awi.de

2. Data center

- National oceanographic Data Center (NODC): http://www.nodc.noaa.gov/

- Korea Qoeanographic Data Center (KODC): hitp'//kodc2.nfrdi.re kr:8001/horme/kor/main/index.php
- Japan Oceanographic Data Center (JODC): http://www jodc.go.jp/

71733 http://www.kma.go.kr/dust/dust_01_02.jsp

1

3. Satellite data

- Ocean color: http://oceancolor.gsfc.nasa.gov/

SST: http://podaac-www.jpl.nasa.gov/sst/
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- Sea ice: http://nsidc.org/data/seaice/

- Sea wind: http://www.ssmi.com/gscat/gscat_browse.html
http://www.ssmi.com/ssmi/ssmi_description.html

- Aerosol index: http://jwocky.gsfc.nasa.gov/

- Precipitation: http://precip.gsfc.nasa.gov/index.html

4. Model
- ERSEM: http://web.pml.ac.uk/ecomodels/ersem.htm
- COHERENS: http://www.mumm.ac.be/ patrick/mast/

5. Research project

- EAST: http://east-1.snu.ac kr/index.php
~ PICES: http://www.pices.int/default.aspx
- GLOBEC: http://www.globec.org/

- OBIS: http://www.iobis.org/

~ IPCC: http://www.ipcc.ch/
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1 47T 5% ATAY ANEERY £0¢ 44 AAE

Chlorophylla | PAR AOT SST |Seaice| Seawind [Precipitation rate]Aerosol index
Sensor SeaWiFS |SeaWiFS|SeaWiFS| AVHRR | SSM/I Q\;;l;j‘};at SSM/I TOMS
Spatial resolution 4km, 9%km 9km 9km |[4km, 9km} 25km 0.25° 0.25° 1.2°X 1°
Temporal resolution 2 da;a:xlx%nﬂxly :a‘;l:; :a;g; :31:; v::gy ;tg; we ekldy airlg; athly daly
’ monthly | monthly | monthly |monthly] monthly '

¥2 B1# B2 ¥ AYlA spring bloom 713t $¢F critical depthe] &4 WS

B1 B2
1998 171 287
1999 30.8 22.1
2000 36.2 42.3
2001 121.6 78.2
2002 91.6 394
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25 2 29 equations™ parameters
4] 1. Data assimilation®] Al8-% simple box model &8 4] (Evans and Parslow (1985)
of o3 Agg =g o] g
-~ Total attenuation coefficient, &
k=kw+kc
(kw: B0l ¥ coefficient, k.: chlorophyllol] t3F coefficient)
- CHL: C ratiot <3} PAR, 9¥¥ wet 24

CHL : C=0.003 + 0.0154 (ezp (0.050 7)) X

M: mixed layer depth (MLD), 19983 %€ 2002'd &< S3lo dis)
¢d ESROM(MOM3) EddA & MLD AME.

- 370 ¥ 2 F43: phytoplankton (P), herbivores (H),
dissolved inorganic nitrogen (N)

idfz.’.= [— pu+78,]P+ [(1-B)G+ S5 0H + Fy,

dP _ m, + w,
-E—[/J.u—@p—-T—]P— GH

dH _ m, +w,
i e 7
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- Dissolved inorganic nitrogen® turbulent flux (Fn)

Mt We o

Fy=—"0

MLD W 4949 5= (N)SF MLD ot 998 ¥= (Np)S #

AN=(Np—N)

4] 2. 1349 &8 249 (Kpp)ol #d4E 4
- Physical model

8X _ 8 Ty _ pdX :
= " Bs (wx) W= + production

~ Surface forcing: Heat flux
(THF: total heat flux, RHFo: incoming radiative heating
I(z): down-welling irradiance)

THF = — 255 — 100cos (% +0.02) watts/m?

yr

RHF, = 153.1 — 75.8cos (";—” +0.01) watts/m?
yr

I(z) = I(O) (0.626—1.67z + 0-386—0'051)
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2] 3, 1z2H4¢] S 2 (Kpp)H Aol AHEE NPZDS extended NPZD 2ol AHE€ 4
[Extended NPZD]

d(PHYS)/dt = Photosynthesié (PHYS) — Respiration (PHYS) — Mortality (PHYS)
— Extracelliular Excretion (PHYS) — Grazing (PHYS—Z00S)
+ Entrainment

d(PHYL)/dt = Photosynthesis (PHYL) — Respiration (PHYL) — Mortality (PHYL)
— Extracelliular Excretion (PHYL) — Grazing (PHYL—ZOOL)
— Grazing (PHYL— ZOOP) + Fntrainment

d(Z00S) /dt = Grazing (PHYS— Z00S8) — Mortality (ZO0S) — Egestion (ZOOS)
— Excretion (Z00S) — Grazing (Z005—Z0OOL) — Grazing (Z005—ZOOP)
+ FEntrainment

d(ZOOL)/dt = Grazing (PHYS—ZOOL) + Grazing(PHYL— ZOOL)
+ Grazing (ZO0OS— ZOOL) — Mortality (ZOOL ) — Egestion (ZOOL)
— Excretion (ZOOL) — Grazing (ZOOL— ZOOP) + Entrainment

d(ZOOP) /dt = Grazing (PHYL— ZOOP) + Grazing (ZOOS—ZOOP)
+ Grazing (ZOOL—ZOOL) — Mortality(ZOOP) — Egestion (ZOOP)
— Ezcretion (ZOOP) + Entrainment

d(NO3)/dt = Nitrification — (Photosynthesis (PHYS) — Respiration (PHYS)) XR yoys
— (Photosynthesis (PHYL) — Respiration (PHYL)) XR o,
+ Entrainment
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d(NH4)/dt = Fzcretion (Z0O0S) + Excretion (ZOOS) + Fxcretion (Z0O0S)
+ Deomposition (PON—NH4 ) + Decomposition (DON-—>NH4 )
— Photosynthesis (PHYS) — Respiration (PHYS)) X (1 — Rypss)
— Photosynthesis (PHYL) — Respiration (PHYL))X (1 — Rygs)
— Nitrification + Entrainment

d(PON) /dt = Mortality (PHYS) + Mortality (PHYL ) + Mortality (ZOO0S)
+ Morality (ZOOL) + Mortality (ZOOP) + Egestion (Z00S)
+ Egestion (ZOOL) + Egestion (ZOOL)

— Decomposition (PON—>DON) — Decomposition (PON— NH4)
— Sinking + Fntrainment

d (DON) /dt = Extracellular Excretion (PHYS) + Extracellular Excretion (PHYL)

— Decomposition (PON->DON) — Decomposition (DON—NH4 )
+ Entrainment

Photosynthesis< o213 Zo] THE.

I I
Vma:iX{_———_—_—NO:sA_C_OIB(Nm_ exp (— Y NH4 ) + m%f—l%‘v;r } Xexp (kT)XIIt exp (1 — 'jz—t )XPHYi
i i op op
A ALt FHA layerol Al light intensitys & 4 o33} &
L=z | few(—kz)de — L[ rep(-k2)d
1=77/) bepl—kz é_D b EXPLT 2

k.= o, + o, (PHYS+ PHYL)
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Nutrient utilization®] ¥|+& oS3 Zo] E&€HE.

S ——
Ryos; = -
i NO3 NH4
NOB + Koy P (—¥NHA) + g o
29 98} dependentd A EZTFIEY respiration, extracellular excretion, mortality £

Respiration (PHYi) = R X exp (k,T) X PHYi
Extracellularezcretion (PHYi) = 4 X Photosynthesis (PHY3 )

Mortality (PHYi) = M, X exp (kypT) X PHYi?

SEEHIEY grazingS o3 To] X H.

Grazing (Z0OS) = Gpg X maz (0,1~ exp (A (6" — PHYS))} X exp(k,T) X ZOOS

Grazing (PHYS—ZOO0L) = Gp; X maz {0,1 — ezp (A (6" — PHYS))} X exp (k,T) X ZOOL

Grazing (PHYL—ZOOL) = Gy, X maz {0,1—exp (A (8" — PHYL))} X exp (k,T) X ZOOL
Grazing (Z005—ZOOL) = Gp, X maz {0,1 — ezp (A (8" — Z0OOS))} X exp (k,T) X ZOOL

Grazing (PHYL—ZOOP) = Gpp X maz {0,1 — exp (A (6" — PHYL))} X exp (k,T) X ZOOP

Grazing (Z00S—ZOOP) = Gpp X maz {0,1 — exp (A (8" —~ Z0OS))} X exp (k,T) X ZOOP
X eETp {— 'lpstOOL }
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Grazing (Z00S—ZOOP) = Gpp X maz {0,1 —exp (A (§” ~ Z00S))} X exp(k,T) X ZOOP
X exp {— Y ZOO0L}

Grazing (ZOOL—>ZOOP) = Gp; X maz {0,1 —exp (A (8" — ZOOL))} x exp (k,T) X ZOOP

TEETZIAEY Y3 excretion®} egestione grazingdl vl @ctn AP, g3
Zo| ¥¥4H.

Excretion (Z00j) = (a, — B,) X grazing (ZOOj)

Egestion (ZO0j) = (1 — o) X grazing (ZOOj)

FEEFIEY mortalitye v L.

Mortality (ZOOj) = My X exp (k p,T) X ZOO5?

PON DON9 nitrifiation™ decomposition 2 dependent3t™ o}#je} Ze 2oz
@€,

Nitrification =k, X exp (kpypT) X NHA
Decomposition (PON—DON) = Vpp, X exp (kppT) X PON
Decomposition (PON—->NH4) = Vpy X exp (kpy T) X PON

Decomposition (PON—NHA) = Vi, X exp (kpy T') X DON
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PON9Y sinkinge oleis} 2.

Sinking = fi—XHLOJK (H: the thickness of the layer)

[NPZD]

d(PHY)/dt = Photosynthesis — Respiration — Mortality (PHY) — Grazing + Entrainment
d(Z00)/dt = Grazing — Mortality (ZOO) — Egestion — Excretion + Fntrainment

d (DIN)/dt = Excretion + Decomposition (ZOO) — Photosynthesis + Entrainment

d (DET)/dt = Egestion + Mortality (PHY') + Mortality (ZOO) — Decomposition — Sinking
+ Entrainment

HEEFIEY FFAHL O3 2o EEE.

DIN

Photosynthesis (PHY) = V,,. X {W
DIN

I I
} Xexp(kT) X —-ezp(l1 == ) X PHY
I I
opt opt
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¥ 1. Data assimilation® 98| Al8¥ simple box model®] parameters

Symbol Parameter Unit

pum Maximum growth rate 1d~!

o Slope of photosynthesis versus light intensity relation (P=D) m?*W-d!

Dp Phytoplankton loss 1d-!

k Half-saturation constant of N uptake rate mmol Nm™*

g Maximum grazing rate 147!

€ Prey capture rate m®/mmol™?
N g!

Dy Herbivore mortality 1d~?

Jé] Assimilation efficiency of herbivores Dimensionless

m, Mixing rate md™!

2 remineralization rate of herbivore losses Dimensionless

04 remineralization rate of phytoplankton losses Dimensionless
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E 2 1A9¥ Kpp 22% A¥E NPZD, extended

NPZD Edol AM8-® parameters

Symbol Parameter NPZD  Extended NPZD Unit
Viex Maximum photosynthetic rate of PHY at 0°C 0.6 - d!
V,zs Maximum photosynthetic rate of PHYS at 0C - 0.3 d!
Vower Maximum photosynthetic rate of PHYL at 0°C - 0.6 d!
v Ammonium inhibition coefficient - 1.5 m3molN™!
Kpy  Half saturation constant of PHY for DIN 1.5 - mmolNm™*
Kpyoys Half saturation constant of PHYS for nitrate - 1.0 3.0) mmolNm™*
Koy, Half saturation constant of PHYL for nitrate - 20. 3.0 mmolNm™?
Kyms Half saturation constant of PHYS for ammonium - 0.3 mmolNm™?
Koy Half saturation constant of PHYL for ammonium - 0.5 (0.3) mmolNm™*
k Temperature coefficient for photosynthetic rate 0.0693 0.0693 c?
I,  Optimum light intensity 70 70 (104.7) wm™?
a, Light dissipation coefficient for sea water 0.05 0.05 m-!
(s 7% Selfshading coefficient 0.06 0.06 m*molN~!
R Respiration rate at 0°C 0.03 0.03 d!
k. Temperature coefficient for respiration - 0.0519 c!
'f Ratio of extracellular excretion to photosynthesis - 0.135
My Phytoplankton mortality rate at 0°C 0.07 0.07 (PHYS: 0.0585 m’molN~'d !
PHYL: 0.0293
k'Mp Temperature coefficient for phytoplankton mortality 0.0693 0.0693 ¢!
Gy Maximum grazing rate of ZOO at OC 0.3 - a?
Grs Maximum grazing rate of ZOOS at 0°C - 0.4 d-!
Gry Maximum grazing rate of ZOOL at 0°C - 0.1 (PHYS) d!
0.4 (PHYL, ZOOS)

Gpp  Maximum grazing rate of ZOOP at 0C - 0.1 (0.2 d!
A Ivlev constant 1.4 14 m>mol N1

* Threshold value for grazig 0.043 0.043 mmolNm™?3
kg Temperature coefficient for grazing 0.0693 0.0693 ¢!
Qz Assimilation efficiency of zooplankton 0.7 0.7
ﬁz Growth efficiency of zooplankton 0.3 0.3
M, Zooplankton mortality rate at 0°C 0.07 0.07 (0.585) mimolN~1d™!
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Symbol Parameter NPZD Extended NPZD Unit
knz Temperature coefficient for zooplankton mortality 0.0693 0.0693 c!
Ypg Preference coefficient for PHYL - 4.605 m*molN™!
VYzs Preference coefficient for ZOOS - 3.01 mimolN™!
kxo Nitrification rate at 0°C - 0.03 d!
knr Temperature coefficient for nitrification - 0.0693 !
Vep Decomposition rate at 0°C (PON—DON) - 0.05 (0.1) d-!
kpp Temperature coefficient for decomposition(PON—DON) - 0.0693 T
Vew Decomposition rate at 0°C (DET—DIN)or (PON-NH4)  0.05 0.05 (0.1 d!
kp/v Temperature coefficient for decomposition 0.0693 0.0693 T!
(DET—DIN) or (PON—NH4)

Von Decomposition rate at 0°C (DON—NH4) - 0.05 d!
kpn Temperature coefficient for decomposition (DON—NH4) - 0.0693 ¢!

Sy Sinking velocity of DET or PON 10 40 md™!
C/chla Ratio of carbon to chlorophyll a 50 50
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2E 3 CD #¥ (D/B, A%3¥ parameters®} satellite images)
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