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Transport behavior of dissolved organic matter and iron in river waters from the
Bekanbeushi River System in eastern Hokkaido, Japan

Seiya Nagao"? Masashi Kumegawa’, Hiroki Kodama' and Motoki Terashima**

Wetlands play important roles on biogeochemical reactions and sources of dissolved organic matter and dissolved
iron from land to coastal marine environment. For better understanding the processes, it is important to assess
sustainable development of primary production in coastal area. This study reports the research results with
dissolved iron and organic matter at six sites in the Bekanbeushi River system during July 2003-December 2005.
There are positive correlations among dissolved organic carbon concentration, relative fluorescence intensity (RFI) of
fulvic-like materials and absorbance at 280 nm in the Bekanabeushi River waters. The results indicate that dissolved
organic matter mainly occupied by fulvic-like materials and their spectroscopic properties were almost similar in the
period of sampling. The RFI and dissolved iron concentration show a similar variation pattern, especially higher
concentration in summer season with higher precipitation. The results suggest that dissolved fulvic-like materials
paly as carrier of dissolved iron from the wetland to the river system.
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1. [FUSHIC

CHEE DML, R MY E AR AHERE L TR S
N7z EE D) 2L, REFEO & L THEET
5 GEIF -G, 2002). RS DELT KB L ORK
Wi K, EHEWE e SRR L35
BHARKRBREPBRO CH L —HICBar2L, MY
T b OEFEICYLHEMEAERE LTERT S
& OFFED Y (B3 A, 2001a ;s EE1EAH, 2012
#i, 2012 : Nagaoetal, 2015). ZAUIIINIESF L T
B EHEE D38k 70 & OME AR ITE & &\ ETEERE 2R
F 728 T % (Stevenson and Fitch, 1986). JEMWE 1L,
SFEDEE D SR T OB OB Tl A
ThY, FIARHANEHBEILED S FHEBEILEY TR
SN, BHRABYOEER T LEEZOLSN TV
(Thurman, 1985 ; A3, 2008). Z D79, RBE%
DMK T OB E L, IRREEANOETTETH S
POFG L IRFNEREE 2 A LT, BENZ RS
IR DESHEY)E DR - Mk & & b IR ZSE) = iR 5
5 EIEEELRBEAETH 5.

AWFFETIE, BISELERIR & i 5 B ZE A4 AR RIS
BUWTOKREREZITV, ZRToHbEEGS G EIC &
D EHEYE OWREESAT - B SN TH L LB IT,
BEAER T 5EE (NO2, NOs, NHi*, PO, Si
(OH)1) DEEZEEL, WE S, S 5T
~NOBHEWEOBATH IOV TR L7, 72, B
EOBRE R, EHFSOWREA L L TOREYE O
rEzERL7.

2. fffZRithis

JeMEERIRO AR RI2IE, £ K DREDPTAI 5.
FEDASRIE & £ D—DT, JEFRNEFRT OALE I E
LTwa (1), BIEIASREIL, JERIHAT 25
FELFNAG & SHRD b7 A X7 JIo - LGl oA
L. #IHfEIE 8,320 ha, HAIZHAFS ke LTiddl
FEEIE O 21,440 ha ICK CHITH 5 (BRI HEFEH
4%, 2001). WWEOKRFE, 3T, AT IHIXA, AT
BNy 7 dMme BHET2RERE (RICHTREH
FRIZE > THESINDIRE) THoHA, EFEHD> 1L
72K 10 km,  FIFEBFN ORI EIZFAKIZ L - T
BE SN L EERE AT A (K1), g 110 ha ©
B E X B TR NIAG & £ DS T A XY NI ED
BVCAOILERICALE L, W I B 7zl = ik o
WAEEHIZSEE L 72b o T, |RER 1.5km, &RAMER

B RH, TR Ot

400m DRROVALENE L2 ET 5 (EREHEEZRA
£, 2001).

WIEEKE DAL R HOK - KRR RE 2 & D13 D0,
KERELLOFEAYOEEE L TOEETH .
HFENRE T, BROKTEFAKEOERIE LT
EIFSAICEE 2RI T2 7 A — VL EMICEsR S
TWwa, ZoHIsE 6~8 HIZifEdH O EMENE CHE
TN, AFVHEIG OWREERBEIC R S LT
. LA AT 5 RKHK S BT 1979~
1999 SEDOFEET T — # TlE, FFHRIEA5.3C, 8 AD
FIEEZ 17.8C, 1 AOFHSRIE -6.9CTH D, 4E
Pekid 1,113 mm, HERERRIE 1,797 B / 45, &S
EDAFNE65~132cm TH D (KRIT, 2007).

WFzest RO BEDFNNE, NGBS OFEN L%
JEAR SR D HIRBREE AR > T\ B JL il R 0 Bl 80 48
JRARINAEERAITH L. PIZEDFINARTEOTEE
13 69.9km, iIIEFE 378.97 km?Tdh 5. D 1 HiF
FITEREIL M 12%, Ak 60%, Tt 1% LT CTd 5 (1)
JF, 2012). Hayakawaetal (2006) 1%, HIZELA)I & AE
FNEANK OWER A 4 >~ BHFEARKE - EFRREED
IR O ZEDS, FIFELE NG D 1 HE D B D&\ A U
THIERWELTWA, $72, Nagaoetal (2010) 13,
B FED I DKL - REH BB RE % fk RIRAAR L (61°C,
AYC) IZX D RRET L, FRTREOBIKEZ B AT Edwv
KA T A2 e 2L~ E L. —T, Jl
FELFREOWEAREOE B, P ERE S & OE
RIE O E K & {BE IO AR &' O SE 5
MENZDOWT, #E2 (1999, 2001a, b) 2SR L CTw
5.

3. BRI E DA

3.1 Al ESRRETIEAKDERE

WNFAAE, 2003 4F 7 H 225 2005 4F 12 H 22 CRt
9 [al, BIFELFNAKRDRIFELFNNAGTRO 2 Hri, D
LR, BRI, bFAXV, FIA4 )XY
MoK 1R TIT o7z (). JIKIEED £ S Bt
FOFAT/NT VL DRI 72, FED L5 OFKDS
W7 & 2 AT, 1.5m O E W TIFED? S ERE
KEBRRL 72, ZWIBEIZNDS8HE T 2720, JIlohgss
fHETT A AR VIZE Y IKIZRE 2T CFREIR Y 7%
fEVERIK L7z, 2005 4F 8 H 3 HIZIE, St3 55 Stb &k
HLTStl FTHX—CTFYERBAREFAKLZ (K1),
2005 4E 12 H 1 HIZIE, s 8E - Mo o 3
Wi (St7, 8, 9) THJIKRZRIL 72, FRAKEEIZIZ~ )V
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Figure 1 : Location maps of sampling sites (open and closed circles) in the Bekanbeushi
River System (a) and during the transect research in August 2005 (b). The Bekenbeushi
wetland shows green color area (a) and blue color area (b).

FKEE=5 ) V7T AT LYY U201 XD 2 T
pH - EAUREE - W - IEAIRFIREE - Kl - 150 6
HHIZOWTEHI R 4T o 72, B OKE T — ¥ 135K
1IZRT.

IR B X ONREUK O GEHRIUE, 2004 £ 7 H 29
HAZBIEN R IR A O m @i o St.20, H R O St
21, ERIEO St22 Tiio7: (K1), EEARIEE— b
aT7H T T I XL HIERIER IS T E 2R 5 TR
YT ERMFGERAKL 2 RBREICHY T 5 EEREO
St10 2B WTH, 2004 4 7 H 27 HIZERAK NN TR
KEBRL 72, BIENO KO pH 12 5.2~5.9, St.10
DK TIZ6.2 TH o7z,

PRI L 723 1K & 35K, $Rok R 24 IKeRT L
WIZ GF/F 717 Zk#EIEAC (FLEERY 0.7 pm) TS L
SET30mI T AV THEIRGE L7z, Sl s g
A4 YOG, fLE04Sum o —A 7+
T—F7ANI =2 HWTZORTEHL, 10ml A
Yy v EICANTHARAE L7z, BASIREIE I
X, BEEEH LI Aum DR LART T4 VY —
Tk ZEA L, AHICHEREZ RN L pH 2 ([
(AT £ THEIRAE L7z,

3.2 SllKOBEMNED D REERTTE

J&§ HE W) B o g3 B RS B E, XAD-8 B R & A W 7z
Thurman and Malcolm (1981) @2 fEvy, FlIgEN
{JE O St.3 T 2003 47 11 A 27 HIZHRALL 723117k 10011
WA L7z, kS St.3 @ B SE A1 H it T 201
DR Z 27 6 RIHRIL, JEREHIKEBIEAETILE 10
um,lym £ 0.45um A—F) v T 74 VF —THhHlL,
FEERE RS G o 72 W IKGUEHEIENR T pH 2 |23 %
L 714, DAX8BHg% &0/ 7 4120 L, BHEIZEHE
WEEWAE 72, Dk, KBRILF b7 A THEES
#, WERCpH LIZHREL, K357 I Y IREERIC
BT 2 7 VARRRIZHEL 72 7 )V RERIZ T DAX-8
BRI &, TOMoEHEMETHEL, At %
W, REEEE W ORE L7z mEICIE, HE2ER
FEVEIRIC L D RIROFE 21572, 7 IV ARBRO TTRHLK
LT o) ThH D R AT7.22%, KFE4.48%, #EHk
1.19%, W& 46.91%, IK55130.2%. /EOITCHRAMMKILIK
0% L LCRHE L2,

3.3 9AEE

JEREE D53 AT1E, 1.0ecmx 1.0 cm OEWEHTE &
V&MV H AT F-4500 T2 JGHOEEERTHIC L ) =RoT
AT MVERME L. ZIRITTHGANRT Vi,
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Table 1 : Water quality of river waters

; : - " BERIZEE WE ABEREE KR -
Stl  KEI 2003. 7.24 9:20 7.2 21 41 9.4 13.0

St2 IR 2003. 7.24 10:00 7.4 51 33 8.0 14.5

St3  BIEEAN 2003. 7.24 10:30 7.2 9 49 9.8 13.3

St4 A XY 2003. 7.24 10:50 7.2 8 50 8.8 12.0

Sts plgEARI 2003. 7.24 11:30 7.2 9 46 9.0 13.2

St6  FIAAINV) 2003, 7.24  14:10 6.8 11 31 9.3 14.6

St KEI 2003.11.27 13:00 6.7 18 41 13.9 2.0

St2 R 2003.11.27 7:45 6.2 57 58 16.0 3.3

St3  BIEELA 2003.11.27 9:10 6.5 7 77 14.9 1.1

St4 FF AV 2003.11.27 10:00 6.5 6 59 14.3 1.2

St5 BIZEA 2003.11.27 12:20 6.5 7 67 14.2 1.9

St6  FIA ANV 2003.11.27  12:00 6.4 9 55 14.8 2.3

St KA 2003. 2.25 12:20 6.5 69 13.5 0.5

St3  BIEELA 2003. 2.25 10:10 5.7 10 14.6 0.8

Sth BIFELRI 2003. 2.25 12:20 6.1 10 12.8 0.5

St KEI 2004. 4.28 12:17 6.7 25 2 9.4 5.3 Z0)
St2 R 2004. 4.28 8:30 6.2 31 27 11.4 6.0 20
St3  HIgELARI 2004. 4.28 9:34 6.1 7 5 9.8 5.1 20
St4 M A XY 2004. 4.28 10:22 6.3 6 10 9.7 4.4 3]
St BIFELA 2004. 4.28 11:40 6.6 7 4 9.4 5.2 Z1)
St6  FIAAIYNVI] 2004, 4.28 11:08 6.5 8 5 9.5 4.5 )
St3  BIFESA 2004. 7.26 14:26 7.0 13 7 4.8 20.6 210
St3  BIgEARI 2004. 7.27 8:58 7.0 12 7 4.9 17.9 )
St3  BIgEA 2004. 7.27 12:51 7.7 11 7 5.8 18.2 20
St3  BIEELA 2004. 7.27 17:01 6.8 12 14 5.8 18.3 210
St3  BIgEARI 2004. 7.28 9:32 7.0 12 7 5.9 17.3 )
St3  BIEEA 2004. 7.30 8:50 6.7 13 9 8.2 19.0 5
Stl KA 2004. 7.28 11:30 7.1 54 7 5.7 19.0 210
St2 R 2004. 7.28 8:23 7.2 111 4 5.3 20.1 20
St3  BIEELA 2004. 7.28 9:32 7.0 12 7 5.9 17.3 =)
St4 A XY 2004. 7.28 9:06 7.2 10 7 6.3 16.2 210
St BIgELAI 2004. 7.28 10:27 7.0 12 14 6.2 17.5 Z0
St6  FIAAYANVIJ 2004, 7.28 11:00 6.9 17 4 5.7 17.8 )
St KEI 2005. 2.15 15:30 6.0 182 18 19.3 0.1 HiIL/E
St2 R 2005. 2.16 11:00 6.6 695 18 17.8 EiIL/E
St3  BIEELA 2005. 2.15 13:30 5.3 13 12 13.9 0.1 Wi/
Sts pIgEARI 2005. 2.15 15:10 5.4 10 16 14.3 -0.1 HiIL/E
St6  FIA YY) 2005, 2.16 9:20 5.8 22 10 17.4 0.7 Eiv/EH
W BIgELAR 2005. 2.16 10:15 6.4 1140 18 19.5 0.1 /%
St KA 2005. 4.15 12:07 6.1 48 81 12.5 5.8 5
St2  RIRI 2005. 4.14 8:36 6.2 125 34 16.5 4.6 mEi
St3  BIgEARI 2005. 4.14 9:45 6.1 7 59 13.4 3.8 i
St4 A XY 2005. 4.14 10:24 5.9 6 151 13.8 3.5 5
St5 BIFELA 2005. 4.14 11:30 5.6 7 86 12.8 4.1 i
St6  FIAAYNVI 2005, 4.14  11:18 5.7 8 97 13.9 4.2 Bl
Stl  KEI 2005. 8. 2 15:45 6.8 7 0.3 3.0 18.3 )
St2  RIRI 2005. 8. 2 18:45 6.6 12 13 3.2 15 210
St3  BIgELAI 2005. 8. 2 17:40 6.8 8 8 2.9 15 )
St4 A XY 2005. 8. 2 17:26 7.0 7 10 3.4 16.8 )
Sth BIFELRI 2005. 8. 2 16:10 6.8 7 4 2.9 17.8 20
St6  FIAAIYNVI 2005, 8. 2 16:35 6.2 5 0.0 2.0 18 )
Stl  KEI 2005.12. 1 15:39 6.8 427 6 14.2 1.6 AL
St2 IR 2005.12. 1 14:44 6.6 103 20 13.1 2.5 i
St3  BIEELA 2005.12. 1 13:30 6.5 8 4 13.8 1.7 W5
St4 A XY 2005.12. 1 13:03 6.7 7 3 14.3 2.4 g AL
Sts plgEARI 2005.12. 1 9:55 6.4 10 5 13.9 2.0 W
St6  FIAAINVI 2005.12. 1 10:25 6.3 9 1 13.6 1.7 5
St.7 A XY 2005.12. 1 11:09 7.1 14 0.5 14.8 2.0 AL
St.8 A XY 2005.12. 1 11:32 6.9 7 0.8 14.5 2.2 Bl
St9  REIRI 2005.12. 1 14:25 6.5 13 15 13.1 2.3 iy

E ) i, RTH 5.
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B2 TNVHOED LRI Y — 7 L&, AT FVZIRD

T IVARERETLIEE 10 mg/l, @O pH1E 8.0, A 4 i I3 EEREEF M) 7 4 T0.01 M 12
L7 EREEEAREI) QAIZL S SN, HEIREUKIE 2 AR OB RECillE L7z,
SRR X (a) ~ () T 5.0 QSU, (e)~(g) T 10 QSU THFI/R L 7.

Figure 2 : Three-dimensional excitation-emission matrix (3-D EEM) spectra for fulvic acid of the
Lake Biwa (a) and Bekanbeushi River (b). Four spectra of river water and the wetland waters
from high moor (d), middle moor (e) and low moor (f). The water samples for high moor and
middle moor samples were measured for the diluted samples by a factor of three and two,
respectively. Counter intervals of spectra are 5.0 QSU for (a)-(c) and 10 QSU for (e)-(g).

ICP ZEJe/r e EERHIC & ) 04T L 72, i )lIZk @ 6D &

EOWERHT L EAMEETH Y, KO SEHIIC
E#TdH A (Senesietal, 1991 ; Coble, 1996 ; ERE I,
1997). BEEZRIC X ) BITEREDS R 572, 0.05 M Hitlk
B O 10 ng/l Bl ¥+ = — A O ) & 350 nm #6
W 455 nm D IR E % 10 QSU (Qinine Sulphate
Unit) & LC, MlEREE 2o aotidi (RFL:
Relative Fluorescence Intensity) #&1& L7z, &tk
LABHZ O Z 2 ROWEZITV, TOFIHfEE LTEL
7z

AN ZKREE D 200~700 nm H O SEAFIT A 7 bV
1, 1.0cmx1.0cm &A%+ )V % HvC H iz U-3010 T
OO RN L D FHI L 72, AR A AR SRR
1%, GF/F 7 4 v % — Tl L7zim)IIkIZ 1 M 3R % i
ZATpHZ2UTIZL, —EitEOERZ @A L CREkE
e EOMRRERE Y RE LR BEEIER TOCV

CSH &AM RFFH LD M5E L7z, SRR T

T = _HEF - T T A - AACS T 2w
THBSHTENTHMN L7z WK O EFERRE,

OO 1%, 20054E4 H, 8 A, 12 BIZHRELL 7z KRk
WOV THEEGHENI L D 58T L7-.

4. EREER

4.1 SA)IKBHERMBDERNANT MUFFE

ISE AR 2> & 2 BB L 72 7 VKR % 10
mg/| \ZFHEE L 72V & 8 L 72 IR D EE A~ S b
VoY — 7 iEE, FhEEE (Ex)/ #6KEER (Em) =
320 nm/430 nm 3%, 340 nm/460 nm T, 250 nm/460
nm fFEICFEL, A7 MVERSIZIZ—HL TS
(K 2). ApBREihE ) BEMAKDO 7 VAL, Y¥—72
MLEAY Ex./Em. =300 nm/410 nm fHEic s, B b
HHART PUVERERL Tz, 2O ehs, BI%E
AR AR H AR S L2 ERE -, A 7 VR R
WAL T2 7 VRBEEME & L CTHEEL T L2 LoD
5.

R R o LK X E S Y — 7 A% Ex. 330/Em. 460
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Figure 3 : 3-D EEM spectra of river waters from the Bekanbeushi River System. (a) - (h) 1
December 2005, (i) 16 February 2005. Counter intervals of all spectra are 5.0 QSU.

nm, HERE Tt Ex. 335/Em. 460 nm, RJERE T Ex.
335/Em. 430 nm &, ®EREKOE -7 EFL D &
WETHY, A7 MVERIZESZBO Nz (K2).
F 72, WNIKEAREEREARD A7 S IVIZIRDBE TV S
ZEnH, WIIKD 7 )V AR B O KER 55 HY R &R 5
IGERLTWDL EEZOND.

[ 3 121 2005 4F 12 BICHRILL 72 8 #upiodi Ik & &
b 12, 2005 45 2 H o BIFEDA) N 3800 17K O =K e
AT PV EIR L7 KRR EHZ D W TUE, #0
E—rh 70— Rl — 7 kEMEICSZIESDE
DDA PVIBIREER L L TIHFITHM TS, 2
OFERNL, BFIFELENAGE & SR OTIAKIZ B\ CTHEE
RHIGANRY MVERE R E T B 7V AR B AT
SEESMBITL TV D 2 e EZ 5D, B
Lo LT (St7, 8, 9) OMIIIKICBEE L TiE, T
OB & IARTZRITHOEA RS P VTR DN
PROLN DT,

4.2 RIEDF)KZROAEN KABEER D DREZEE)
4.2.1 T)UINEEERME

TS REA) BUIRE E & AT HOGIREE (21X, IEOAH BB AR DS
Y5 EnD, RIFZETld, 7 VREREDEO—FH
W 72 ¥ — 7 Ex./Em.= 320 nm/430 nm O A&} 4 5t 5
7 VAR E ORI & L7

7V ARBRERE O =K ITTHOGA XY bV & iR JEK &3
NIk & & i L7z /s 8, miEinlsok (278 QSU) > Hi i
JFK (125 QSU) > RIEiRFk (57 QSU) =BIgEL 41
JIIZK (19~44 QSU, “F35T 309 QSU) DINEIZHA L 7=.
2005 4E 4 A 14 HIZ St4 2B W TRILL 721K &3 <
12 2 RFENORBEAKICB LTI, ZRITHLANRS |k
IV ORFRUZE DR H LT, 7K EA~RIEIK A 2
Rt < e WA EOBTREE 28 L 7z,

BIFEDN TSN BT 5 6 W E0 7 )V RERARYE O
xPaeiRE (RFD) 1, 2003 4E~2005 40 3 4E [ o @il
WIHICBWC2A»H 4 1, 7~8 A&8mL, 8 Anb
11~12 H, 2 QA @520 5n s (X 4a).
W5E T — & BRI TV B0 7 — % %k 7 o
SRl T % &, St6>St1>St2=St5, Std DJEIC
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BRI (b) & BEFERIE (o) ORERYIZE)

Ostl, [JSt2, @St3, aSt4, HSt5 @ St6.

Figure 4 : Temporal variations of relative fluorescence
intensity (RFI) of fulvic-like materials detected at Ex./E,. =
320/430 nm (a), DOC concentration (b), and dissolved iron
concentration (c) of river waters from the Bekanabeushi
River System. The symbols indicate as follows:

O Stl, [1St.2, @ St.3, A St4, H St5, € St6.

K< 5. ZHD St6 & Stl ARFMIZHRTEWEE
AT EERIIEEE I s, RO A
ByaoR2 L ChB Y, KR O E LB O E - & RO
LTWAIREEESEZ NG, 72, WTHIIFLT
T A EE L 22 RIR (Stl, St9), BIFERAIATE (St
3, Sth), MFANYJI (St4, St8) TiL, # - Lo
FROKH N AT RO B EER R L7z, 25612,
2005 40> 8 H DfiEAHS 2003 4F & 2004 412 2~3 f5 5
o7z 200548 HIZE L Clid, $RAKHEIO 7 HIIC
133 mm DK A XY N HPAFEFE L T W7z,

4.2.2 BEFERRRERE

TR D W - B BB 2 A B i R
DEE %[ 4b (R T. EAFARREREL 2.17~16.5
mgC/l & M & AN DK & @i L
NV THADH (eg, Asakawa et al, 2007 ;: Nakagawa et al.,
2008 ; Suzuki et al, 2015). Ml L724F12 & h ZH)iEH
B3, K OEAFA R R TR L 7 )V R E o
A HOGEREE & RIS, BICEWESH S
L. F7z, W B o St2, 3, 4, 5IZHATT IO St
1, 6 DFE <, 2005 SFDHEDEADMBOIF & HAIEH 12
Vo RIS R O B3 7.0~16.5 mgC/1 O #HFE T
ZEL, 2003 4F & 2004 SFOHEIZIHRTRE L EH %R

L7

4.2.3 BEHEE

TN O A SRR X 0.034~0.62 mg/1 & Ak E
HUES O FRAR & JE - B T & S B TR A 41 (5
&, 2011), HEFROMIIKOFHEiERE 0.04 mg/l (Haese,
2000) 12HRB & 5~10 @ (K 4e). BT, 5l
FEDRNARFED St.3 & Sth, S HIIZIMDTF T A 711X
VIO 6 TIE St & St2 ICh_TH 25, B
IEARRY L FRRICE S IS W REIAE 2R L7z
F 72, AR X 2003 4 <2005 4 <2004 4EDNEIZZE
LTz

4.2.4 RERERE

FEMMOWBEIZF2 ER SR ) VA ik
FEIZ AT C BEITE V. B A 4 VR EE I 2004 4F &
2005 4F 2 ATEi<, 78 IRz 5. 72721,
AP ANZ BT, SZHOKBI & JBIRINE M & L
THYEE A A VIR 36~4TuM, ) YA I
1.3uM TH Y, BESDEA L F T A4 H 1) XV, BI%E
WFNAGLE ZD Lo b T A XN OREE A A+ >~ i
& 8~15uM, V) YEEA A ¥ 50.38~0.62 uM 12T
B =, T RS LA G VR, 200544 AT
EVREAB 2R L7

4.2.5 SA)IlKOEER - KERLAL (0D & 60)
PIFELNACGRININZK D 6D & 680 %X 6 127~ L 7=,
2005644 H & 8 Hix 6D & 880 O % 2%6.4, 2005 4
12 ATIZ4 HOMET— % CEGBERERHRE 9.3 L
R bEEERL. ZoOfMRIE, 8 H & 12 A THKD
oD & 080 EB L7z, BB\ IdREKE T KOEFS

WEL LT REENEZ Z HN5.

4.3 BIEDH)||Hii~ TR D) | KO

2005 4E 8 A 3 HIZ A X — % v THIZEL A A &
St3h 5 Sth &l Y Stl F THJIFED B KT O R
L7z (K1), £2). BIFELFAG St3 75
St5 %@ ) St1 FTOMNIKICEL TiE, ZWIcHIGA
K7 MVOIRIZECHFED 5T, 7V REREWE O
AR HGEREE 1 St.3-0 25 Sth-2 F THEETH Y (X
7, FI7A4 0N EERBIIIEIN L 7. BAFRE
JRFRIEE D FIRR e ABAIM 2R L7z, B EkEEE, St
3-0 A5 St.5-4 [T 0.68~0.89 mg/l & HEkHy e s
TEB L, RO KRFIID St.1-0 T 0.38 mg/1 &4
1/2 DIRRETH - 72.



8 BRE BB, AKI RS BEOEE FE ook

T2 MK ORAEE T — & L 8OEE, WoOtE, DOC & #kisiE, Bk - KRR
Table 2 : Nutrient concentration, RFT of fulvic-like materials, absorbance at 280 nm, DOC and iorn concentrations and water isotope
composition (6D, 6'¥0) in river waters

NO:+NO:  NOs NO: NH, Si PO:  Ex320nm/Em430nm  WEGEE  DOC i # %0 (%) 6D (%)

s ol wmH @) @M @M @M M) (M) RFI(QSU) 280nm  (mgC/)  (mg/d) VSMOW VSMOw O eXCess
stl Bl 2003. 7.24 5040 50.06 0.340 2.845 410.183 1.540 8.7 0.100 262  0.57
stz Rl 2003. 7.24  31.80 3152 0.280 1.935 - 1.220 5.2 0.104 352 0.4l
St3 BIAERAIl 2003. 7.24 1410 13.76  0.340 1.780 616.43  0.620 25.5 0.08  2.65  0.63
Std R ANV 2003. 7.24 9.53  8.98 0.55 0.530 672.65  0.520 37.4 0.002 328  0.32
St5 RISl 2003. 7.24  37.40  37.09 0.310 1.525 678.75  0.540 6.1 0112 312 0.6
St6 FIAAUAYI 2003 7.24 1950  19.28  0.220 1.030 214.76  0.350 54.2 0123 371 0.50
Sstl AR 2003.11.27  54.20  53.67 0.530 - —LTI0 3.8 0.23 7.0 0.2
st2 R 2003.11.27  40.40  39.92 0.480 1.275 350.40  1.620 25.4 0.115  4.00  0.32
St3 BG4I 2003.11.27 1160 11.43  0.170 1.015 222.62  0.410 18.5 0.082 331 0.3
Std FIA NI 2003.11.27 931 9.2 0.190 1.58 - 0.260 30.7 0.140 6.3  0.28
Sts BRI 2003.11.27 13.30  13.13 0.170  1.220 209.04  0.400 2.9 0120 3.8  0.32
St6 FIAAUAYN 2003.11.27 13.00 1279 0.210  6.715 243.83  0.250 32.9 0121 452 0.32
Sstl ARl 2004. 2.25  57.50  57.05 0.450 5.110 438.55  0.790 33.5 0.078 2.9 0.3l
St3 LA 2004. 2.25 18.30  18.11 0.190 - o 0.310 28.5 0.068 217 0.37
St5 BIEEIAII 2004. 2.25 2020  20.01 0.190 1.335 361.47  0.310 28.1 0.071 294 0.1
stl AR 2004. 4.28  36.10 3557 0.530 6.905 312.68  1.100 63.0 0173 520  0.14
St2 R 2004. 4.28  29.50  29.29  0.210 7.025 324.95  1.000 53.8 0.103 416  0.18
St3 BRI 2004. 4.98 1010 9.9 0.110 1.355 456.96  0.310 10.6 0100 344  0.16
Std R I AN 2004. 4.28 6.60 6.5 0.110 5.000 - 0.280 39.4 0.107 347  0.18
Sts UG 2004. 4.28 10.80  10.56  0.240  0.805 283.67  0.380 3.2 0.118 346  0.16
St6 FIAAUNYI 2004, 4.28 10.80  10.60 0.200 2.370 - 0.350 57.8 0.151 504  0.16
St3 BIEEDAII 2004. 7.27% 17.36 1711 0.252  1.095 760.80  1.096 36.7 0107 654 0.8
st3 Hl 2004. 7.27 16.46  16.23  0.231 1.110 779.52  1.018 37.8 0.116 612 0.97
St3 BSR4 2004. 7.27%4 16.21  16.00 0.204 0.930 - 1.052 40.1 0.124 579  0.82
Sstl ARl 2004. 7.28  33.53  32.93  0.597 1.005 610.84  2.412 64.4 0.160 453  0.36
stz RRBII 2004. 7.28  37.13  36.49 0.640 3.695 547.14  1.579 48.1 0.108  3.38  0.50
St3 BG4I 2004. 7.28 1531 14.99 0.351 1.170 528.96  1.206 5.0 013  3.97 0.8
Std R I ANV 2004. 7.28 10.03 9.8 0.182  0.780 652.72  0.992 7.5 0.117 330 0.1
St5 BIESDAIN 2004. 7.28 15.00  14.63 0.367 1.315 584.88  1.242 5.6 0137 3.8  0.72
St6 FIAAUNI 2004, 7.28  23.04  22.46  0.578  2.070 518.88  0.858 73.7 0.178 545  0.93
St20 K 2004. 7.29 278.4 0.800  36.00
St21 Rk 2004. 7.29 125.8 0.323  15.15
St22  fEmEK 2004. 7.29 57.1 0.214
Sstl ARl 2005. 2.15  61.35 6112 0.231  2.250 596.01  0.910 20.1 0.028 5.8  0.16
st2 R 2005. 2.16  48.58  48.36 0.219 5.550 486.36  0.788 19.7 0.019 516  0.03
St3 BIEEDAIN 2005. 2.15 19.30  18.86 0.527 1.300 802.10  0.376 16.6 0.03 278 0.3l
Sts BIAERAIl 2005. 2.15 19.52  19.37  0.151  1.000 797.94  0.385 16.1 0.033 2.5 0.3l
St6 FIAAUAI 2005, 2.16  49.06  48.88 0.180 1.370 710.50  0.228 2.3 0.029 536  0.30
IS EIE ULl 2005. 2.16 18.72  18.61 0.112 2.810 632.78  0.311 15.8 0.030  3.64  0.09
sl KHIl 2005. 4.14  45.17  44.66 0.507 7.480 326.51  1.226 39.3 0137  5.68 040  -9.95 -66.7  13.0
st2 R 2005. 4.14  51.46  51.01 0.456 7.670 322.06  1.148 30.6 0.007 420 013 -10.06 -66.3  14.1
St3 2005. 4.14 859  7.80 0.791 2.8%0 436.90  0.58 30.0 0134 511 055 -10.33  -68.8  13.9
Std R I ARV 2005. 4.14 9.27 826 1.019 4.160 500.61  0.595 26.9 0.003 427 055 -10.37  -69.8  13.1
Std I ANVIIRREA 2005, 4.14 48.2 0.205  9.05  0.44
Sts I 2005. 4.14 10.32 10.03  0.202  2.040 439.12  0.434 36.8 0.138  4.92 045 -10.29 -68.8 135
St6 FIAAUNYIN 2005, 4.14 1204 11.8 0.195 3.420 224.27  0.308 39.8 0.143  6.05  0.49  -9.93  -65.8  13.7
Sstl ARl 2005. 8. 2 833  8.04 0.287 1.330 317.00 0.534 107.7 0.379 1277 0.62  -8.60 -57.9  11.0
stz Bl 2005. 8. 2 35.86 35.30 0.557 4.470 116.52  1.818 77.4 0.275 1025 031  -8.85  -60.2  10.6
St3 BIEELAIN 2005. 8. 2 9.17 872 0.453 1.330 366.81  0.632 85.9 0.274 983  0.65 -8.87 -50.7  11.3
Std R I ANV 2005. 8. 2 7.66  7.54 0.125 0.810 363.74  0.508 60.0 0.192 7.0 079  -8.95  -60.0 11.6
St5 BSR4 2005. 8. 2 831  8.09 0.251 1.160 278.25  0.574 92.9 0.300  10.08  0.71  -8.76  -59.2  10.9
St6 FIAAUNVIN 2005, 8. 2 167  1.43 024 0720 97.45  0.286 97.0 0.495  16.50  0.67  -8.58  -57.7  10.9
2005. 8. 3 11.06 1076 0.297 1.160 329.91  0.527 84.2 0.245 848  0.84
2005. 8. 3 1122 10.86 0.358 1.860 395.71  0.572 83.4 0.244  9.08  0.80
2005. 8. 3 1112 10.8 0.274 1.510 359.43  0.503 4.5 0.258 884  0.78
2005. 8. 3 1084 10.58  0.254  0.990 479.02  0.579 85.4 0.25 871  0.68 9.0l  -60.8  11.3
2005. 8. 3 1098  10.62 0.362  0.980 404.94  0.559 85.7 0.254 845  0.84
2005. 8. 3 1071 1044 0.271  0.900 383.41  0.565 87.1 0.257 7.2 0.85
2005. 8. 3 10.65  10.38  0.271  0.940 348.36  0.636 86.9 0.259  9.08 0.8  -9.03 -60.1  12.2
2005. 8. 3 1049 10.25  0.238  0.910 472.87  0.601 89.6 0.265  8.87  0.89
2005. 8. 3 1052 1019 0.339 1.150 371.11  0.537 89.3 0.273 913  0.83
: 2005. 8. 3 1017 9.89  0.287 0.930 415.39  0.516 9.5 0.260 944  0.87
St52  BIAEnAI 2005. 8. 3 10.80  10.44  0.362  4.640 458.11  0.717 91.4 0.285 955 077  -8.95 -60.1 115
St5-3  HIAEDARII 2005. 8. 3 7.07 677 0.301 1.440 300.39  0.476 105.2 0.356  10.38  0.62
Sto-4  BUTEDAEI 2005. 8. 3 6.55  6.13 0.415 1.370 269.09  0.898 106.5 0.356  11.88  0.72  -8.81  -58.7  11.8
St1-0 I 2005. 8.3 50.22  49.44 0.772  2.800 343.44  1.601 66.4 0213 772 0.38
Sstl AR 2005.12. 1 28,33 27.98 0.353 3.897 446.14  0.688 33.9 0137 530 020 -871 -53.8 158
stz RRBII 2005.12. 1 94.74  94.10 0.638 14.220 254.20  1.549 50.3 0.196 836 024 -85 529 155
St3 BIAEDAIN 2005.12. 1 21.65  20.84 0.810 1.831 368.76  0.617 31.9 0126 431 031 917 573 16.0
Std R I ANV 2005.12. 1 1311 12.41  0.695 0.644 345.09  0.563 22.3 0.079  2.87 043 930 -59.4  15.0
Sts G 2005.12. 1 12,30 12.13  0.257 1.558 458.42  0.555 33.5 013 4.9 035 910 -57.1 15.7
St FIAHUNYI 2005.12. 1 1443 14.16 0.266 0.8%0 253.43  0.249 36.3 0.131 524 024 892 -56.8  14.6
St7 R IANYI 2005.12. 1 B -9.95  -60.4  13.6
S8 FI ANV 2005.12. 1 1579 14.90 0.888 0.805 401.61  0.511 15.3 0.062 217  0.32  -9.37 -61.2  13.8
St I 2005.12. 1 78.95  78.13 0.823 11.135 281.37  1.464 4.7 0.144 570 034 877  -56.1  14.1

FC) BRITHS.
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Figure 5 : Temporal variations of nutrient concentrations of
PO# (a), NOs (b) and NHs* (c).

O Stl, [JSt2, @ St.3, a St4, H St5, @ St6.
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Figure 6 : Plots of 6D-6%0 for river waters from the
Bekanbeushi River System.

O 14 April 2005, @ 2 August 2005, [J 3 August 2005, 4 1
December 2005.
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Figure 7 : Variations of dissolved components in river waters
at 14 sites from the middle to lower Bekanbeushi River
during transect river research on 3 August 2005. The
sampling sites are shown in Figure 1.
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4.4 ANCBIT2BEEF T ILRNEFRNBEDREEES
4.4.1 BEERYORE

K2R LKW RIE OB AR TR, &1 280
nm OWIEEE K O 7 v RERARW E O MR BEOEMZIL, W
FTIHEGIIRARMEZ R LTS, JISELAIE O
FERT TR E S IZ R EA R < (RRIT, 2007), w11 E
DI % 720, AR DT~ ke 2 8 i
HIZERBRL TV, BHYE 2T 5 BCH Y
DHERW IR E IR T 5 72012, AR FRE,
SRAMIOEIE B OF 7 )b AR EREE B O A ORI & DRI FR
ZH8IZ7ay bL7Z. WThoflAaagbEd, R
#0.75~0.92 L IEO RWHIBRR SO N, 202
cid, REPIR O EAF AT ORI 7 v RiRkk
WEL DR SN TVWAEZEEREL TS, F/2, 7
VARBRIE DA R AT I ERE L) %
RL Tz, JHAE L7z 3FEMILITIFRLE L) 25
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I Tw 5.
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Figure 8 : Plots of DOC concentration and spectroscopic parameters (RFI of fulvic-like materials and
absorbance at 280 nm) for the river waters from the Bekanbeushi River System. The symbols

indicate as follows:
O Stl, [1St.2, @ St.3, A St4, Hl St5, @ St6.
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Figure 9 : Plots of dissolved iron concentration as a function of RFI of fulvic-like materials in the river

waters from the Bekanbeushi River System.

4.4.2 BEIIVINEFRYE LBFESREDRFR

BRI RIRRE & A ERIRIE & OFBIBIfRIZ, FI%E
W FREOREK (B34, 1999, 2001a), FHFHOFE
K, 7 B ONIRIENIZK (Shibata et al, 2004) (2B L
THEIN TV 5, 9 T, 2003 4E~2005 4F D 2%
FUCTRICL 720 1K h VSRR BE &, 8k & D$ETE IR
Tl DA 7 VAR E O FOLHEE 2 70y b
L7z, &Kiici s e, EOMETS 7 )V REYE O
THHOGTREE & VAR & OMBEYEIZE . Stl, 3, 5.
6 T 2004 4F 4 A OF UK & 133 mm O FEK DS
FAE L 722005 4 8 H &< &, MBIMREIL SL1 Tl
0.83, St2 & St4T0.61~0.68, St.3CT0.79, St5 & St.
6 Tl20.92-0.93 CTH o 7-.

A EORIFEROEE L3 2O 7V —FIZGHTE
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Ji & 7OV R B OFRF #OGERIE & OBtk E & 12,
B O 5 CF RO BB E R L7 2004 45
f VT R & BROKRT O 7 H R FERE 2SI S 172 2005 4F
8 HOREAKA N> N &< &, WHIIZIEOHBER- RS
fFAEL7z, 72720, 2O X9 ICHIGEER L Y sz 7 v
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Figure 10 : Relationship between dissolved iron concentra-
tion and RFI of fulvic-like materials (a), and absorbance at
280 nm-the RFI from the middle and lower Bekanbeushi
River in 2003 (@), 2004 (), and 2005 ([]).
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7 L=)VIIFEICHF D
BREIRERAXA N A LDETIVE

A XY, B RE,

BE #17T, RE Atk

7 A= VT S X EREOBEFSIHE SN, T A=Y 7 lEOEYWEREIZEEG L Twb 2
EDTRIBEI N T WD, BHSOEY BRI FM) 70 & 2 X R L H 5D, sl wy)~rna
BRI &0 S REBRI e R TTHIE FOVEEERICEI L7z, LA L, 1990 SRR VAT BRI @
AEaEAEPBHSN, ZOEREIBHINLTVRY., 20X H = X AEIIZIZEROER D E D -
TWhEEZOLNDLD, KAHTOBEHHIELSEb> TOLHREMEE V. Bl 7)Y > 72 L

TOETEERE R A = X 5 DI % #5823 2.

Modeling of dissolved iron production of the Amur River basin

Takeo Onishi', Muneoki Yoh? Takayuki Shiraiwa® and Seiya Nagao'

The dissolved iron concentration of the Amur River is about ten times higher than that of the average world river.
It is highly possible that the biological production of the Sea of Okhotsk is dependent on rich amount of dissolved iron
provision from the river. While biogeochemical processes of dissolved iron is not completely understood, we
successfully constructed dissolved iron production model of the basin based on statistically derived empirical formula,
which can simulate average value. However, we observed abnormal increase of dissolved iron concentration during

the late 1990s. Amongst several possible mechanisms to produce highly concentrated dissolved iron, we

hypothesized that permafrost should have a great impact.

F—T— R EEE KLEET) V7, KABE

Dissolved iron, hydrochemical modeling, permafrost
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HLOSB\IE, BEE S E OMEIRBRO O RN B E
W L7 S OFFZEIE, MREIC > THEH 2 £
DTWLIIETH D EF 25 (Neal et al, 2008). AFH
Tld, BRI B 2 BASRAERE T IV OBUIRZBEL L,
KIFHOFRE L LT, 1990 FFABRP IS S /2R E 7%
V— 27z FiF, 2o X = X AN 72 R
YEERTD.

2. BEBRERTOERDETIVE

— LT, BEBUC R S B IIIK, Tk, REKE
DO—MeH) 7% pH REALREOFHHNIC BT, Ml
N5 EROUREEI, BB IR I B\ TR EE TT
MR & o 7oA O REHEBNIC X ), Fe(Il) 2% Fe
(RIS NEREDEL 25, Lo LEITIKEDE
RS O LB &M Tl v, F72, WETET
MRS T 2 TR & e b, BRALIREE & Roeik
RE L SR S NS & O R RBAMATOLEETI,
TIHEPANDERORA L & B IERER LY TR S LA
FO—HE L D720, LR EFESIIZE S UL
Vo EIBD, ROTROFEREN TH BIEHME Loz
LA, BFEO Fe(ll) B X OBKERLY DR T;
LR BUE L, #k#HMA % ok (Tipping et al., 1981; Davis,
1982; Warren and Haack, 2001) 3 %728, %5 L 72164
AT LN TED.

COBAEDOMIZ, BALEITCISIZ DWW TIE, BIRIE
BSOS R O A D b & T (Van Cappellen and
Wang, 1996), @B T VHIEINTETHED,
FEUERE, ERENTORMER, REFCOBM - £
TV TZICETEREMAEEE S SH 5 (Hundsdorfer
and Verwer, 2003; Simunek et al., 2006). F 72, #5&F
7 1k 2122w T NICA-Donnan R Z T Lo &
W ODPDOETUDRERINTBY, BSGmN 4Rl
AT 5 (Tipping et al,, 1998; Kinniburgh et al., 1999 :
JEAT - I, 2003 ; Weber etal, 2006). LA L, Wi
DEHET VARSI LTY, sHEMROET LA,
TEOZEMW LA, BGEET — 5 O % EHREE
R, KRCHENBIEBR D 4 ) 2 A r —VIcE T
I OAT = VDET )N EHEAENICIRT 5 2 &I
Thb.

HEDETMUIZBIT 5D ) O LOOTHER T 70—
FUNE, 7 A BRZEMAT — VTS L7237 — 412
BLOX Y7 UAT = VEEKOHTOET VYD 5.
2%, XTUAT—VERLRTLDIZ5HE D LWIEE
BB ATHIEIZED, v/ AT — )V TR

T8 &I UAT = VORTHEYISEERT S L) 2
ETHD. COL) LBEILOMEEILH T %<
028, TRIBO IS St &KL - KR
LR DT BHADHA L TR INTETVE, E
B BRGS0 D LT, oI Ll
KE L DOBIZBREDS R E N T b  (Vitousek, 1977;
Shibata et al, 2004; Ogawa et al, 2006; Anderson and
Nyberg, 2009). HIESMHITARSLHERCHE SSRGS
ATREESIZBIT 2 KR 2 LT 2 ETELRERTH
D, WIMOKEIHK E b EELRBGRE b OFEHRE LTH
MTH L. PTHRIMOFGZERE R LIEFE L L THIE
R QREERE) 3 THhs 22T, Z0EH%
TIO—FOb &, T A—=VIIFIHIZB T B EEROL
e T R L 72,

3. 7 L—IVIICBIF B BEHERET ILOIESE

3.1 7 L=IIIIREOBE

T = VINE, RIRHEIAEAY 210 5 km?, )1 EE KA
4,400 km OMFH O EETIITH 5. Fids oIk
K m 1& £ 490 mm (Asian Precipitation - Highly -
Resolved Observational Data Integration Towards
Evaluation of Water Resources: APHRODITE Water
Resources |23 &0 & 1981 4E~1990 4E O MM CH 1)
THY, LTy DVEEREBIZET % 200 mm 725
HE~ Moo 7 A1) — IS ARGV @ 700 mm £ T
%89 4 (1) (Simonov and Dahmer, 2008). 7z, 4
PR BE O 6C A 5D -7C L TEHL, 7
A= VARG 11 AR S84 4 ARA £ THRIKT 5.
2000 4E 2B 2O A - LR OIRREZ X 2
(12779 (Yermoshin et al, 2007). FZ7Z L#FH - 14
BT (59.5%), FHh (18.3%), ®ih (12.2%),
i (6.9%) TH D, FHIIIEEEG SR (Rh
DfFtERROFEIR) TH Y, KEIHT 25— V&5
L7zdbfio o o 7EINICIEATS > T b, T i3x iR
27 A= VN ZB LAl o P EE NI RIBAYA
Mo TBY, EHFSROEERMAEETdH 5 i L
TUIBIZIA D TV 5%,

3.2 BEFHRESMIEE

W O A7 8RR B & T il o I B E R
(Topographic Wetness Index: TWI) & O B4R % Mgt
L7243 %779 (Onishiet al, 2010). 7 BLUF TIEfH
Doz, MIBREEREDZ &% TWI LBERLT 5.
TWI L, a/tanf L EFRSNLETH Y, a lZTEOH
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Figure 1 : Outline of the Amur River basin and the spatial distribution of precipitation (Yatagai et
al, 2009). Observation point (D-7) are corresponding to the dissolved iron concentration

validation points.
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Figure 2 : Land use and land cover types of the Amur River basin.
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CENTEDD, EBIITHRN2EST— 5 2 W T
BT 27207 — 5 OZ2MRGE RS L CHE L]
BeZe m b BEWIZR A B, 22 CTld, SRTM3
(Shuttle Radar Topography Mission, 2015) & O kK72
ZEMRIRE 200 m O T — % # VT TWI 255 L
TW5hb.

3, EHFEIREZEOBIN EOEKRBIZBIT S

TWI OFIMH & EFeRE & OBfRE 7ay b L7zD
DTHA. 12721, FTfhd sV efo 95% L E
EHEDDLMBOA TR E LTS, W OBEFERE
JEE TWI L ORMICEBE LRV H LI L bh b, 18
HEBICL D74 v 74 v 7R OMERED B, &
DAL RICIREE DR & B E OGFAED TS L
bDTHhHrIEEREZDLE, TWLIRINSDERD
BELLBERL LTORELALTIENTE, 207k
DI TWIIIH L CIRRIE R BB 2 R T O Tl Rwnh e



16 R R, # SREL

3 . . .
max f—
— E average
T min
’_1 2
0 — THEOT (v T2 Ih—T (R'=0.61)
E 20— mB07 70 275=T (R=037)
..... BNMED 74 v T4 T Hh—T (RZZO.S‘)) °
iid
K
ﬁ 1F 1% 10 *exp(0.7405TWI)
K 2% 10 exp(0.833TWIy
& 1% 10 %exp(0.801TWI)
(B -zk” X :
10 11 12 13 14

X3 : A OEFEEIERE & Z OHEARITIZBIT 5 TWI O
fili & DB

Figure 3 : Relationships between dissolved iron concentra-
tion of rivers and average TWI of watersheds.
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Figure 4 : Dissolved iron production curves for different land
use types (forest and wetland, grassland, and agricultural
land)

EZoNL. LaL, BRETIREFSAERICED %4
P ERA LA T a e A L HIBIRIE & OB E A
W 2 BRISHAE L 2 Wvwizo, B RERILc
LEFLHOTHA.

Z 2 TH SN2 BIRAIT AR &R oD AT I ] RE 2
RTHY, 72— VIRFRICBT 2 EFSIEE LRI L
ThbEZDOFEETITBRFHMEIC %2 Z &b hoTn
b, ZOZ &L, 7AWV EERT D BT LA
NI L, FEEBLANO [RHh] BLO [HH] 75
DEFFRARED, FARRLEIITHRTO R n) 2
EERRIET D, EE, LV TOBBERN S50
NTWBHRLTD B S O FEF 8 A <
(Kirk, 2004; Yoh et al, 2007), #A&MARHERTHLLF
A, &5, HARE B L TES BB
BRI L¢3, BEBEBICHLERERT LI L
72T, T A= VARG OBHME % B & BT S

Hea #17, BR Ol

CENUETHLZE L DA o Tw»ab (Onishi et al,
2010). fEoNBRE 4 IRT. 2H LTSN
BItRel, DT [EfFERihm ] EIP5. gk,
TR OERIIS U7 BIRE DS 1 I v 7 7
REZILIERIICTE Vv, 22C, MBOKGEREZ %
EAICRCIE T B C EDTHRERIKLET IV E, KEITHS
N7ZBRRE ZADDEDL Z LT, EESEREOR
MZLE KB TEL LI ICL7.

3.3 BEHSKERTETIV — KXETFTIVDOEE L AEH
ER7ZILIV XL —

TSN COBEGFERT 7 v 7 A OBMZ L E ERmAIC
FHET L 720121E, DS Ofi % 5T 5K CHH
BIHET IV, BFERERD A 5 = XL &5 0O
THIRBCH A AL Z EDART RIZR L. 22T, 7
A=V ERRE U CTHERSAERT NV T) X L&A
ATERCET IV RS L7z (ORVE - 45, 2009). 512K
LETNVOBE LIRS, WEELETIVTIE, M50h
BNZRT £ 912, mIcitiseh% 1,036 ® 0.5° 7 v
FORTTHET D, K27 v Fh o 3mii i &255t
BEN, MEEPIEKERSNLZEIZLY, WHEE
CEREO 7)) vy FToORMEIER I NS, 2612, %
7Yy R 2ok & A% &, TOPMODEL
(Beven and Kirkby, 1979) ®7 )V T XA L72h- T
7))y FpooitiErsmons. REFTLVTE, e
?0.5° WG OFtEA, & 512 1km WEDH 77
Ny FIZpdElsng. gElshifenr ) v FliZBw
TKRLCEBREDFHEEND Z L 2R L 720D RO LM
Thhb. KKLETIVTEELTWLARLF BRI, &
KOBER & BEAOFFE, BIERT, BEH L mE, K5
FIEFH, MTKRHTHL. Tz, ANBRRKIER
DEEFENE LT, KHANOH T KERDEEL T»5.
FHEEFICHEE T 5 2 L OTE B AKSGE Srmax %8
25 EWFEFDFAET S L LB, IIEEARIEICD
LERLEIND.

BAESRAEROFHET VT AL %K 6 1R, BILE
TEMOET L L LI Fe() OAKITHETT 5. FEE
TIESEAREEC 72 o 72 & S Fe () 234 RL S Ui
U n b Tlda {, —EREHARIREE DSk L 72212
AW END 2 ENEI ST (Yohetal, 2007).
7z, R AIEA W CERO TR & SIS RET L 725
WEBRIZBWTIE, A2 5 10 HEEOMALET
HDHTENPREINTWS (Roden and Wetzel, 2002). #
2T, HEORIAUREEDFEBL S LT H S RfIIRRE A 5t
L7z H$x ki H 5 SD &gk L, Skt 0 s
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Figure 5 : Structure of hydrological model to calculate dissolved iron flux.
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Y77)y FZTE QkmMADZ ) v F) 12TV, BF
FROERDIEL TWBE EHES AT v RTIE, #
ficmEAbs N [EASIM] & v CEFERE DS
HEN, WMEKEICETELEINS Z L I2X ) B
75 7 ADRIHENDMAEMAIL > TVWD, BB, &
FHROEED G T A 0B 2RO B L) R CEE
7Bl SDe 1, FTHEAMARLBIHEE X GDELZDD

Fx YT —arNTA=F L LTWV5S.

3.4 BEHERTETIVOBRM
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Figure 7 : Comparison between observed and calculated discharges. ®-@) are corresponding to numbers

shown in Figure 1.
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The evaluation of environmental quality of a brackish lake in subarctic zone (Lake
Furen, Japan) toward the reconstruction of Corbicula japonica fishery.

Yasuyo Tsuji' and Shigeru Montani*

We had monitored water and sediment properties of a brackish lake in subarctic zone (Lake Furen, Japan) from

2011 through 2013. In mesohaline water (salinity: 15~20), phytoplankton proliferated vigorously (annual median Chla:
3.3~13 ng/L, Chla standing stock: ~130 mg/m?), with rich nutrients loaded thorough rivers. As for surface sediment,
we ascertained Chlea standing stock to be markedly rich (~950 mg/m?). Phytoplankton and microphytobenthos are

considered to act as effective food source for Corbicula japonica. On the other hand, sediment condition remained
harmful to benthos. Annual average TOC content reached 33~39+25~31 S.D.mg/g, with AVS-S being more than
2.5mg/g, especially near river mouth. We concluded that physicochemical properties of surface sediment, formed by

allochthonous inputs, should be improved toward the reconstruction of Corbicula japonica fishery.

F—T— R, NGRS, Y77 v o by RAEMMEE KE, Y~ PP 3 (Corbicula japonica) .
Estuary, allochthonous inputs, phytoplankton, microphytobenthos, sediment property, Corbicula

Japonica.
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Figure 1 : Sampling stations in Lake Furen and inflow rivers.
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(OH)+=S1)), FRA MR (RIRAHEREKRE (POC),
FORAREREZE SR (PON) B X OHIKY ~ (PP)) 122wV T
AT L7z NOs+NO2-N & NHe-N Db & VEA7 % e
ZiFEE (DIN) & L7z, K#E¥% Whatman GF/F 7 1
Wy — (JLEEO0.7um) # HWCTIIEIE® L, KT %%
L7740 —% 8mL LAYy FEIZHH AR
90% 7t b ¥ 6mL &ML T—-30C T 24 Rl
L7z, FE I EB S LR & i L O A B R 2 1
Wel, #OUER (¥ —F =794 V4%, Trilogy) (2
K255 %&# LT Chle B M L7z FAEMRHHTITIX
Whatman GF/F 7 1 V% — (L2 0.7 um) % H-Chll
JEUEM % 5 L 728 2 7z, Bl e R =F L U
WZERILL, 7 #riREE C —30C N CHURRAE L7z Wi
W RERE A BRL, A= M7+ 74— (BRAN+
LUEBBE ##, QuAAtro) & > THEREIRRE L
efsEm L7z, POC, PON OGHTIZE L, A OBER)
JLER (450°C - 12 W) % Bt L 72 Whatman GF/F 7 1 )V
& — (L 0.7 um) TKBEZIIEIESE L, KT 24
L7274 V% —% — 30C FCHAM A L7z, IEMKICHR
FEHC LI 2 i L7215, INSEEROZRAT I 24 BRI HOE
L O RBEIE A Rk L7z, KELF b a eI
TNVEAGRTIZEZET S r— 5 —NIZ7 4 )V 8 —% 2 ik
AR, BRPFILER A B L 7214, JeRoHret (FISONS
*L# NA 1500 Series 2) % JH\WT POC, PON #ifl5%E L
7z. PP OSHTIZ DT POC, PON & [A k12T o BEAD
WLER % fii L 72 Whatman GF/F 7 1 Vv % — (§L{%0.7 um)
W&o TOKBEZMEEBL, 7405 —%-30CTT
HBAERAE L7, TR 7 1 vy — 2 U L, 5%
ANVF XV ZEEF MY Y ABRIEL TN L —
TN E BIMESE (120C - 1) %56 L, T % 5

o)
=

LTY rail Lz idmh oy v x5 Est
(HAZ 8 V-520) 12X - CHefasgi L, PP 2 &
L7

HEREW A EHE Chle, A KRYIRE (ZFREKE
(TOC), &HHEREzEFE (TON)), BREEZVERILY s
(AVS-S) I22oW Tt L7, 3F#0.1g (BER) %
8mL VAL v REIZIE2N L 5TI% T b r6mL
WML, —30CTFT24 Mot &2 772 il
BE WAL A L, IRACE T T D S ek T %
Y B 7282, KB Chla & BRI Chle 281 L
72. TOC, TON Z3#r D 720 DR AFHE 6 mL NV A %
FEIZIL T —30C FCHMEIRAE L7z, 5T iEI B8
vt AU ANy & e 5 B N /R PN DY
% IN SRR IC 24 BERIE L CEERSRBBIR 2 IR L 72 7B
K% A CEE O R % 47\ PR SR 25 L 72 50k}
I22WnT, KK POC, PON & [@#kIZ TOC, TON %
WLz A 0.1g (RER) 21320 LD,
AVS-S g izt L7z (M4, 2002). 2o&&, T
Ihy IR 1 g (BER) 220, BRICHRSE
R EREAIEL, BRABOKGEERLTL.

K, ERIFHEREY Chla 206, BALEREYS 7 ) AR, £
JEHEREY) Chle BifF &% B L 72, K Chle BifF &5
I EH - FESICBT 28RS L, Rk
F&W Chle B & A HEIE%E 0-0.1cm &E L TH
L7z (Ichimi et al., 2008).

3. &R

3.1 suE, FKE BHREOFEHE(LEAEHDEMM

H B3 50 & 2011 4F 0 —3.9~18.8C, 2012 4 :
-4.7~18.6C, 20134 : —=0.8~17.9C O THZH) L
7z, AWERTHEEIE 7T A25 9 HIZIZ 201147 A %
B & 100 W5 & Tl 2 @A - 72, ARG RHREKE X
4 7205 8 121X 200 mm A2EET, 9 H, 10 HIZIZ4EIC
Lo THERL, 20134F 9 H1213 32l mm (2 L7z AL
HAT5 HEOEFEKE TR 28 L Tk, 43
IZZmTHY, 2011444 H, 50, 7THB LU 20124 4
H, 6 HIZbGaHHKE 20 mm % Lo 72. KFEz
MLT, 2011444 1, 101, 12, 201247 H, 9 A,
10 4, 12 A, 2013410 H, 12 A 213 EIF#IRE IR A 2
FEh L7z

3.2 K& ‘EHOEME(LEZEF/EL
W BLER A S W LTI 20T, AKim 22 91240 5C 2L
L7z, AF0 BRI EERRTH ), 1



R DK - O BLREAM 2

T L ALNDFEHNAKREEE R L. 72, K
W4 E»S7H, SAICHTTETY, LIE12 Bk,
JTIKT L7

BRI 2011 4 0 —0.86 (12 H)~26T (8 A),
2012 4F 1 —1.3 (12 H)~27C (8 H), 20134 :3.0 (12
H)~22C (7 H) & BZAb L7z, MO8k 2011 4F
1.5 (12 A)~18C (8 H), 20124 : —1.1 (12 A)~18C
(8H), 20134 :4.6 (12 H)~16T (7 H) O THfH
ZAL L7z, KIRORE B2 LB S e h o 7z,

g AL TS OKRE RERE b2 B L7, W5
I SRR O REHIRE , WAMEOEIC A 3L
[=EEoYAd

Stn.1l %5 Stn.27 1272 F, H413 0.15~33 ORI T
XML L7z W OIRS AT - FElOT
IR IR & Ao 72 BT3RS O KRB A3/
SR, e THER AV b TWwz,

3.3 RE\IE WREHEY, 2007 4)ba ORFZERZE(L

MR R O S, AIRAHEBREL C/NIL, BX
UF Chla OARFAG a5 5 &, KB ORFZERH
ZAbx R L7z

FRESAHR LI, MO E OB TRERIRETH Y,
WS A TS L7z, DIN IZE %, PO~P I
FRIKERE L o B bbb AN, &l Ext
KL LThizk &, KT OHFEEIL DIN---2011 4
0.29 (8 H)~1.0x10>xM (4 H), 20124F:0.10 (8 A)
~1.6x102pxM (4 H), 20134E:0.10 (5 H) ~87uM (12
), POs-P---2011 4% : 0.050 (5 AH)~4.3uM (8 H),
20124F 1 0.09 (5 H)~3.92.M (8 AH), 2013 4F : 0.090
(5 H)~7.4uM (12 A), Si(OH)4-Si---2011 4¢ : 22 (7
H)~1.0x103uM (12 A), 20124 :5.5 (4 A)~6.2%
1024M (9 A), 20134 :4.2 (7 H)~4.9x102uM (6 )
DM CTHREZEMZIL L7z, K8 mIZ BT 5 KRR O
EZELIZNE o 7z

POC, PON, PP I & 72 IfHE D % TR
BIETH L7, b L B A —FRIZ, #HEe
HWAREEETHD EV SN TH - 72, FEKTD
POC, PON, PP (X POC---2011 4E :1.2x102 (7 H)~2.2
x10tug/L (5 H), 2012 4% 1 1.3x10% (8 H)~6.8x 108
pg/L (12 H), 2013 4E :1.6x102 (7 H) ~4.6x 10° ug/L
(12 H), PON---2011 4£:14(8 A) ~2.4x 10 ug/L (5 H),
2012 4F : 23 (10 A)~8.1x102ug/L (6 H), 2013 4 : 22
(7 H)~6.8x102ng/L (12 A), PP---2011 4 : 5.4 (11
H)~3.2x102ug/L (5 H), 20124F :23 (11 H)~8.1x%
102 ug/L (7 H), 20134F:5.2 (7 A) ~1.3x10% ng/L (12

H) ORTRZEMIZAL L 72. POC, PON I3 EZF (N
L7z SAAIM 28 L ¢, MBSl REKRb LIt
B L TR B W CRER G B E 2 & 2o 72

Chla (L T B CERE CH - 72, MR
2B A OMHEOE S % Stnll, Stndl & Stn3, 8
D 2 KB KRT 5 & 1K TOH Chla AR E
WH R, 42T Chlae 2MEIEEE R HS R b7z, R
Kk Chla 1 2011 4F : 0.10 (4 A)~37ug/L (9 H),
2012 4E 1 0.40 (10 A)~71ug/L (5 A), 2013 4E :0.30
(10 ) ~24 pg/L (T H) EHEZEMZLL 72

3.4 KREHMBEYMOIOOT4)ba, £EHKY, BIERKE
e DD EER)

FlBHERY (85 0~0.5cm) 12B1F % Chla IZF4E,
AN B W TIRIBE TH o 72, I T,
ST WESIIEERETH 7. AIZL-T, W
IR Chle A&V E R S fF1E L 72, Chla 13
20114:1.2 (5 H)~2.3x10%ug/g (9 H), 20124-:2 .4
(4 A)~4.6x10°ng/g (4 H), 2013 4 :0.20 4 A)~
1.8%10%ug/g (10 H) OFETHZERZALL /2.

TOC, TON IZ/KFEAHEZE Y Stn.12, Stn.l4 B X
IR ® Stn.A, StnB 2B W TERWEmZR L2
DD, W FEZALIIHRR S N o 72, TOC 2011
4£:3.8 (11 H)~1.2x10°mg/g (9 H), 20124 :1.4 (4
H)~1.0x10°mg/g (4 H), 20134F : 6.2 (10 H)~1.2
x102mg/g (4 A), TON---2011 4 : 0.30 (11 A)~10
mg/g (9 H), 20124F :0.40 (4 H)~8.4mg/g (4 A),
20134 :0.50 (10 H)~10mg/g (4 H) &HERZ=fIZILL
7z.

AVS-S B N DEHIZ EERETH - 7.
AVS-S 1% 2011 4 : 0~3.4mg/g (11 H), 20124 : 0~
3.3mg/g (10 A), 2013 4 : 0~13mg/g (10 H) ®MT
ZEEh L7z,

A A 2l L TR, REHEREY Chle BifF =13
0.10~130 mg/m?, 0.10~950 mg/m?& REZ2fiZEfb L 7-.

4. EZ
4.1 [EKE, B35 EBRERICHIT DIEDDKYF - InESD
fDBIR

M EA (2011) (3G O K—HEK DR ETEIEIX
BIWRAE T 5 LRI L 7. ARBRZE I, BUE O 4F R
T b EBIET OAF IR OWT, WREICEH
L CRAEY H OBiNr & Fi4ni 5 H M o&5HREKE X R
L7
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e
i

B2, SRERAVERE S EIFWEICBWTD, Bk
wANHA OYES5Ai & iR IR 2 2 LSO E o
72, BITEIRRICHRA Z 1T 2013 201146 4 H, 10 A,
12H, 201247 H, 9H, 10H, 12 H, 2013410 H,
12HTHo72. 201144 H, 10 H, 12 HoFd&wi 5 H
HIZIZZFNENAET 65, 43, 3l mm DK H -7z, =
At L, JEGEIR T b 3R MR 2 2 L 720
1Z 2011 F4 HThH -7, 20124F7H, 9H, 10 H, 12
A oF4smi 5 HEOAFHHRKEL 3,0, 20, 15mm Tdh -
7. o)L, JAGEIRTIE, vy axy IR B v
T 2012 4 7 AR K SBL L 72 2013 4 10 H, 12
A OFAH 5 HE O AFFKEIL 81, 39mm TH D, i
A & S B OK PR A L AT & 7z 2013
4E 10 AICIHEIE KA Stn . 15 £ TRATS. ET#iEO
Wi L AT OMKEZ S 5 &, 2011 4 A2
VLR AT O B E 7 Bk AR R T B K 2 35 45
HEIER Sz, —h, 2012467 H, 9H, 104, 12
A®D9 % 201246 7 HOFA 9 HijlZ 57 mm &\ ) S
DEKRD D - 72, 57 mm O IFE- 7-BEE 30D
9 HIRK OISR % A 2 JAGHE )1 % G512, FER% 9
H [ DL B CHEAKR L 223 TR 2SEERE A LI N~ A L
felf7zb e A onsz. FAE 10 BICIEFHED 15 HAfIS
47 mm, 12 AH121E9 HEIC 34 mm, 8 HEIIZ 24 mm @
Beksdh o 7275, WH & b ICHRAY B IZIZm Ko 2
AR ONRH o7z 20134510 HILHAER 5 HM DL &
DREKRDPIEGDANCKE KRB L7z, RITEIREKE -
SRIENIZEIE LT 525, 50 mm L EDOREKIZ X - T
K% 10 HIZ SN OERBIETERT 5 L E5S
nrz:.

BB IEET A TITIRECEH T 5 &, 2011 4F
5H, 9 AL ARG SR Y, 9 BIZIZ|
SNSRI L7, 20124E6 B, 201344 A,
5H, 11 B EGE I T ISR 7k B S VK & 7%
W ARABLL 72, 2011 4E 5 H, 9 HIdFi4 H o#ifr
ZAbS K E L, 9 AICIEHFAAEHF 5 HE 0% ®m K
(Mlmm) OFELMLY 5 ARz K E
IR AESHB L7z L BRI N 2012456 H 2l
FAH 5 HATORIK (49 mm) OFEIZ X )l Es
L, B AMRIE L L7z, 2013 4F 4 HICidFAAE S 0
DENZALAR E CHMNNTNKRD A > 237 s 95K IR
Wb 7en Sz [A4ES Bk bk & L, oM
R 5 HENZEEK D & > 72728 Stn15 730 F THJIIK
DBERR AL, 11 A OFERIIIFAER ORKDE
Bea TR O AR L7z, TR I fr 2
LR E VT EMIBRO LRI L, BKEDR

o)
=

IR AR E 5 & v o ZBRAYR S 7z, i)
AP BRI NS LR EATIZBWTE, BRIZE->T
AR OFEIR IR T 3 2 A Th o 72, HFOEE
DA OWTUE, EGEJ A S #1220 TR
DAPARARE VT E, FFHATHHEDERIZBWT
AAEDI S S B WA D - 72,

4.2 BHZEEREUVCRBESLOI700T1)bad
k=53]

M 2~4 |8y L R OB TR L2, 0 2 IRiE
& L72EAR I O 22 ZEA LI SRR O I HE 2 1) <
Hah, EMABRORGET 8 L TIFRIET ORFEICD
WCRHIIT 5 2 EATE S (eg, Hid2, 2011). #)IIH
KO FIRE ORI AR L BAAPGRET A6, W
NIZKH DRI B IR 0% £ 212 SIS
H75, AW Tl S RERAEE AR 20 22 2 L 2R L
7z. Si(OH)4-Si (3 FRA MM 2 @ L CTHaor o8Ik 5
AR 2 EERT 2R L7z, DINIZIEGPE TS LR
WS L, S HTHISE £ o T O 2 HEFF L 72,
PO+P 325 WERIT S <, DIN & -~y 205
N AT TOREARAVNE o 7z,

5285 & Chle OBt %ZR L7z, Chlald& )b
J5r 16~20 THEIRE TH - 72, BllEEHE T 15~
20128 \T DIN X PO~P Z{HE L, {HFIZHEHE L Tw
JARRZNY (WA

4.3 RREHYMEIODOT 1)L a DEF

B 612 Chla & POC OBfRZ R L7z, &4 - HT
& ® POC/Chla It (C/Chla k) 132011 4 :22 (7T H)~
865 (4 H), 20124 : 17 (10 H)~61 (7 A), 2013 4 :
8.0~78 LMIZ L L7z, Wi~ Z > 27 b > ® C/Chla
id 27~67 O TZ 8 L (Riemann et al, 1989), JEA
WANEESE O C/Chla b1 10.2~153.9 OfE% & 5 (de
Jonge, 1980). fNz C, Bl R0 A Y < i H i 135
MBS & WNRFEEARIE N EH SN TN D, JEGEH]
ZBWTUE, AN ORCIRE B 3K T O R O A
WCHIR L, F7omofliEEsE, B L o KoM
IR T B LA b7z,

4.4 REBHHAOHMEIEBEICRIEFTHE

X 7 12 DIN/POs~P [t (N/P It) & Chla DR % R
L7z, N/PRIBZEEOHIZE > TIZ100 % ElY, 2o
LI N/P AR ICHE W IE M BV T Chle 28K
WS -7z, BlE LT, 2011 459 BIdAcHAr 5 H
MO AT RKES B EE TEEES 15~20 (Stn0)
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Figure 2 : Salinity vs. DIN at surface water from April to

December in 2011~2013.
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Figure 4 : Salinity vs. Si(OH)4-Si at surface water from April

to December in 2011~2013.
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Figure 3 : Salinity vs. PO4-P at surface water from April to

December in 2011~2013.
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Figure 5 : Salinity vs. Chl.a at surface water from April to

December in 2011~2013.
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Figure 6 : Chl.a vs. POC at surface water from April to
December in 2011~2013.

BV TEIRED Chla (37 ug/L) HHER S, N/P Mt
245 THorz. ISR L, 2011 4E 9 B & Rk FHAE
HENCBEAK A S - 2[4 4 A1, #fESEscbhzb
Chla ZMEiEEE Tdh - 7. 20114 4 HO N/P A9 H
IR cE C, REKTOFEEY N//P I (n=14)
13 127£72SD. Th o7z, FEWEAEE W IIHICB W
TP OWMEHOAEFELHIR L 2Z R 1258 LT
N/PIASE Z STz,

4.5 REMBEYOIOOT7«)La, 2EKYEEBIER
MR E DZE)

K- OB HERBE 12 OWT, I (k3% 295
i L7z 2011 4E 4 A 7225 2012 48 12 A2 72 2 JEGE i
BERDRIFE AT L B &, o <125um LLF DR T
EHEN29.3~71. 1% R, Vb (9 <63um) &
AHILT7.6~50.1%1E L7z JIE (RFEE) 13, M
7 (2011) ASHH S 2012 L 72k 7 o 1L - e 7 o
A%l L7 E OMRALSBUE QAR L T2 &Il L
7z.

KRB ONLFWERICOVWTERL T L,
Chla, &H Y, AVS-S IR OIS Stn9 T
WEZIR L7z, 2095, ZFEDOF TOC (& 2011 4
(n=37) : 38+31 S.D.mg/g, 2012 4F (n=44) : 3925
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Figure 7 : DIN/PO4-P vs. Chl.a at surface water from April to
December in 2011~2013.

10

200 ODec

SD.mg/g, 2013 4F (n=40) :33*25SD.mg/g TH - 7=.
ER ORI M IE A (2011) 2SS L 7o el
30mg/g (BHBENZBWTERBILIREETCWDL SN
DI OERE) % Terasakietal. (2013) #3F& % 74 A
HIMOB A O~ 25t R e UCTHE L7k
20mg/g% LA L DTH o7z, HEWERIEFEZIZOWVWT
TOC/TON &R L LCET L2 2 A, W7o »
7O C/NHIZ6.6 LHISN, KAMMEHD C/N
Wid 7~9 T 5 A% (Montani et al,, 2003), A % i
L CEREWREYW D TOC/TON HiE 15 Bifa Th -7z, W
MBI AR 2 EF e TR, AR A%
YA EHERE W\ ZIEAE L, TOC 238 & % BBikiE T -
VARRZ NV (WA

AVS-S (23 [ % A0 S K FEEH K ZEHEME 0 0.2 mg/g
((H) BAKEREIRE 2, 2012) R 2.5 mg/g (5%
DAE A TR O WE R — O Y TR S 1, I
YRt hvE L CEAL L 72IRBE & S a i (F) HAOKGE
TR S, 2006) 21X D0 K& L LB EEDE
BHEE IR S 7z, HEREW T O BE AR S EESRIR
Brdoo L, EABYOERICREZIRENE X 10]
WENLLDEFZ T2,
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46 PYAIVIZDEEBRELTOWBYTIS VI K
[CRAT 5Tl & KiE, REBEBMICHIFS Chla
REE0HR

RERSEE WO - WEIZBW T, MlaEs
BHARE %R (o> 20pm) HEECHMEEEEEIE LT
% (Carstensen et al, 2015). EEMMH, MEEHEER )
T NEEHIIVEEIRE EEICEAL TS LD,
W - NEICBW T, llEEITEOEm W AL F—
T P AR AR K (AT 2 EEREE 2
(Carstensen et al, 2015).

FAEDEKEIK, JKEAKF D Chle (FJfl) 1 2011 4F
(n=129) : 3.3ug/L, 4.4pg/L, 2012 4 (n=113) : 10
ug/L, 13ug/L, 20134E (n=96) :4.5ug/L, 6.6 ug/L T
& -7z, Cloern and Jassby (2008) (%, ®if# 38.8 &EH5H
JefE 63.5 LIS 72 B IR Mo il (114 Wik, 4
154 EH) ZRRE L TEIEAK Chla DA D2 E)
LD F e bl L EGEE OKEKE X OREK
® Chla 1 Cloern and Jassby (2008) #3HH & 722 L72iR
FEFISC 81T A Chla FHJLE @ 1~10 ug/L I2E F N,
W EIRE TH o 72, AT, Cloern and Jassby
(2008) & Chla & 1 A 7 2 #EX° HFH O & Jfm OfRIE &
& 5z, Chla 7310 ug/L % FIA1 % BRIET Tl il 48
WEBOREEEPIHEFA LI L > THES L E L
72, Rifzex# L CTHE S 7z Chle X Lk o feEE % =
R TR ZEHAITH o 7275, 2011 4E 4 HOBEFE TV — L%
W2 HZENTETVRVRE, B/NHEO A H
B, JAGEINZ BT, Ol BRI R O 8 E 2 AR
HWCEBICHME L, FAHERICE > TOREREREY
B L CHET 200 L HIITCE 7.

FIEEIR L2 &)1, MA 2 L CKME, B
W Chla 3 & (X 0.10~130 mg/m2, 0.10~950
mg/m*& KEZ2ZEAL L 72, KAk Chla BUF & 13 KEEAS
JLEE VS Stn.15, Stnl7, Stn.27 128 W TKRIEDH
WD Chle HfFm % LR A H 7. —F, il
B Chla BUFE SR LIRS TS 2 20, L <
FEREBGES A LN REHERWO Chle BfF& I
AP, Stnl2 % Stnld & o 72 I K ZE DR GE 1T
BV THBID 7% <, WHAER Stnd, Stnd 2B \»

BEThole., I oEiEs OKEE 5 m i) 128
VT % JEA GBS O Chle P HfF & 1L 78 £69 mg/m?
EEEESNTEBY (LE, 2011), JEGH I o JE A Sl AE
DEYEIITATIIROHEHEZ KE LS 5D TH-
72.

5. BHDIC : KE - EERIZOHRIAFE

REFFECIE, PRI (2011) & B, kiR, 5
KEIRIRE B X OERWIRE IR & R E2 LT R S h
oz AR, GEAIEFT O G E R L R
HEZEF LB ORISR ESHER S N TV v S
(Z k- FHAIR, 2014), BINIZBVTH RO Sk
JE O RARIRE S RGE I O KBV A AR Lt Cw 5 &
RSN IS, RBFgE A @ L CRER & IR AT O B
WCOWTCH 72 ket = il Tz. W E K, HKDRE
BELARL L TEESTLE, BAKEDNS0mm % A5
EBED S OPIKATTSENYEENC L HHIRZ B2, I
FRICIRDS D EREDH S 2 ke o720 = 113 (2008) 1%
FEREF IR O S E, 7 E=TEEER, V>
PRAEY) ¥ 72 EOUREENEINT 5 LR L7z, Ko C/
Chla e ZEHEREMI O C/N [eh s, K, REHERY)
DEEWIEE U CHERSRARIPRECHEL WD L
EFE, BEGER CIIRENE, PR L b IZHRKEA DS
KA - RO ERE A KRS CHIBRLTWwD Ea b
7z.

JEE OISR ORI & 3 LT, A & L
ELTMATA (2011) 23464 L 72K E oML 7 o
ADBIESEH L, KA OABIA#E LRI TH S
CENHOE R E oz MR, &Y, AVS-S %
RiE e LEESEN Y~ MY U I MEFERBEOETH
eI Y b YY I OARE L RE O EA LB
& OBIRICOWTIE, IR CGREEFR), Ml CR%EE)
MBI DM L T T, IV,

RIFFECTIEY~ b Y IOEFE LTCOMY 7T ~
27 N~ Chla OFFHl, B X OEAMMBEREO Chla &R
BfFmoER T lAiz. Kb Chla 3BT > 7 +
YRHFELR O MU EEORRICIFERBETH -
72, BChla #7253 2RE LT, M4i3A (2011) (2
bRENTz, BEHROEE R RBESHY 77 27 b v
ORI % X2 HHBRAEA LN, oL &, WHFET
1 N/P 342529 A 345 15~20 T Chla % &l L
7z, RIBHEREW I B\ TR A B DS IR LKA
Chle Hiffm % K& { LA % Chle ffmAE /R L7z &
HURA R & i3 2 &, W AR T 24 77 ~
7 b U REAEMMER I LER R SRS ER, T
ANF -2 ELCBETLEHEEHFT L7290, Y~ b
VUIWESoTIY RELHEERTSH L. FoKRL@y o
R 2 TR O - $RE R AIREZER- AR & <
ZEE ARG 2B TUE, A O S S R 12
Lo TRPICHEENE 7O ADPHELET L EALN
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AWFFEOBIMFRAENZH 72, HIHEESE R, FIHLE O
WCERELMm I ETHE E Lz, LT, HECE#MEL
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A CIRREEZ DIKIF D EEER
=P ]]

H B, 55 BE. Al F0, BEg s

KB Z RS DINRMETDH B R Y T I A O HARE & RS K23 TE B BIRD S 5
ZENDho TS, KIFFETIE, BB EBEIHET 2EKIEZERT7 1 -V FE LT, BEHKE
RETHAREERE L 2 BRI TV L EIEEE 2 S 5. 2072002, REZERI I S iR 7 ke
WeEs I ab—va X BKRBE LIFFEREOHRBERE T — 5 &, WINZB W TBIl S /oo
EURE T — 5 %, AEIER LCHEIT L7z, Z2o8E, W20 OBRFERESE T 7 v 7 AT,
B S OEGAKRE ) B IFERESE IR ORMZL L ) & & L AW E R BZIC T &
NTWz, BEETFVERFEIRY I 2L —Y a Y ORERBENS, BHHKIZLBEKT7I v 7 A
ARSI B TR ) OB 2 L TR Y, EEHAE ) OmEIG S A ERREE S R 2 0
Wio T—RRICEE L TV B 2 EDbh ol 2O &, BEHKICHES TEMBA S Z#UET
HE S N7 LB O BRIFOXBEPE KB IRREOWY 75 > 7 N VEOEYEE RSO R, K
Y T A B H OBEIRED UG SN THENE EHABESEOONL Z 2R L. 20X bk
#EE R (land-sea pathway) 2%, FFICEIF I B W CTHEH O B2 L HOBHE L B AF DT TV 5
EEZOND. RREEICBIT 2 B L EESTERN P OB TH 70 0MAENERY HiF 912
(&, BEER AT A L EETH L.

Land-sea pathways between snowmelt and fishery production
in Funka Bay, Japan

Satoshi Nakada!, Katsuhisa Baba? Yoichi Ishikawa® and Sei-Ichi Saitoh*

The annual spat density of scallop that is a typical coastal fishery in Funka Bay is highly correlated with the
snowmelt runoff or accumulated snowfall. This study investigated the land-sea pathways in Funka Bay, Japan, a
typical semi-enclosed bay during snowmelt period to understand how the snowmelt runoff can improve the production
of cultured scallop larvae associated with ocean primary production, by analyzing hydrological and oceanic data
produced by a land-sea integrated model in conjunction with newly compiled datasets of riverine nutrient
concentrations. The model successfully estimated the riverine dissolved inorganic nitrogen (DIN) flux that is
dominated by the temporal variation of the river runoff rather than that of the riverine DIN concentration. Ocean
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simulation indicated that the freshwater flux supplied by the snowmelt runoff enhances clockwise circulations along

the coast of the bay. The close relationship between the annual spat density of scallop and the snowmelt runoff

associated with high DIN concentrations suggested that riverine nutrients can increase the biomass of phytoplankton

in near-shore seas and improve food availability for scallop spawners, resulting in increased egg production in March to

April. Therefore, the nutrient flux from agricultural source areas through the large snowmelt runoff has an

important role in larvae production. Land-sea pathways need to be identified to design sustainable and synergetic

systems of aquaculture and agriculture for the integrated management of coastal regions.

F—T— R REK, BREER, WAE, KEE, Ry TUA
Snowmelt water, Land-sea pathway, Funka Bay, Nutrients, Scallop

1. [FUSIC

FHFESOMETH L [HEHH{ES AT 4] LML
7o PLHFE|Z, land-sea linkage (e. g, Katsuki et al,, 2009),
land-to-sea connectivity (Gorman et al, 2009), % ® &G
WD, 2000 FELE, NS IZHEBLL - HERE, e
BT - B2 T — VD S BER THELN TV 2.
BEZ> & W~ O BT O ] %l U 7= Bk DD %2 05 1)
X727 (e. g, Antonio et al, 2010) 7217 T4 <L, BE
MO EAERICE S EZ L T4 (e. g, Milner et al,
2007) %, WRIZITHEAFF - NSCRHAR 2 B5HE 2 & T
7eBld 5 (e g,Stomsetal, 2005). & HHA, Ttk
RER &M AERE RO ENER  (Polis et al, 1996) 2%, 4§
(ZIRFIERIC B 2 I ERER O B OB IR K TH
5 L EHEC W (AHE, 2012). 2o X 9 7 land-sea
linkage 1%, HAFE TR A% 513 [HedERE | H 5 \»
13 TREMESR ] &) SN2 Lk v., KT
13, BBEMICELADLRHRD “DRPBN" O A=
wMARE 4 5 [BEMREER | v KD, BEJIGEEBICL
72BE B HENOETTIA D /3 A (pathway)” DT E L
T [FRiER ] MR TR 2.

INE TOEWNINI BT 2 BRIEER DR8I DT
&, BEA FEERT 4 — )V F TR D N TE TV
bOo, FEEEHOERNLZEFIZETES TRV D
PHIKRTHA S, BElEgI "B Lw ) ek - A
SRR 2 N 2 ) A FRE SR (I, 2007)
X, /LWL TOOLN) OFBEZ AL, Fhy<
a7 E BB 2 R4 - FAET A BRI R R AT
BT L WAEEEE & LTI S e REMRERR YN
5 LW5EH 2 M L7e [ &z &3 51— Ras
HEo7zo12] (0, 2012) Ti, BRSO A IR R
BEROFERHIZETES TRV OO, EIZHARRFE
BUFLEARRLWNN, E, W BRI & L7z B R
WLEa—8NTw5s (e g 5, 2003).

WAETIE, FICHEBEGHIC BT HRE LK & iREL
WA R\ L 7o B B O R AT IF 5N TE T

W5 (e g, ONeel et al, 2015). dtFERICH L% D&
AU FIAET TG IS 5. BEHI)IHA D
R T BRI, AR CEE L, RS KRR
(Region Influenced by Snowmelt Water) & I .53 i I8
(Nakada et al, 2014a) &, 4t 35 FELAL oM (b
RDK 2/3) OIRFBIHFEL T D, BERPLVE
KB HET BINRIHIC BV T, BEHIE—FEohT
TR ED% <, Wl U7z B 5 O R A& A=
WL BB TH L. BE LK RO AP E
FE - WA TR RIS T EERITRE V.

HAIZB W TS K & 2 ZEHKE Wilpud, #
T3 L RARIBUEES LI~~~ JLiEEonR
W TH L EPHERE, LR SNL (Fig 1). H
(2, ZEHT TH HREE LR O H AW & ks o
IBEIIE, 4~5 A O S I B IR EA—HF 0
HTIRARE RS (Fig ). RIEEAKSED L IR
WOEYEE B 5 2 52DV TUE, AR REFEDS
PLFOHEATR L HDD (e.g, KiES, 2013), LD
HFRE T TR, MEHIEIEFOTV-I v 7L
), R DTS V H AR BIEEC B\V THR
SRR o THERFTH 2. PIZIE, HEEGE
TdH HEKEE FFOBEAKBICBWT, BEHKE KRS T
HAEFELEOMBEFED TEVEW)BRLED D
(Nakada et al, 2014a). FEKE TIEh s 7 4 A #iHA R
ATHY, FHEENAES F5077 ) of 2% (B
1005 FY) Z2EDTWA.

KimTld, TNETEEINTE WA T— %
RNERLC, BEHKE RS 77 A AL OBRE F
WS 2720, MHEHIFER L CREAE SEICHET 8K
WA BT L RERIEER AT 2B, TRy 7
HAOHEHR T — 7 ST WD 2006 4£720 5 2013 4E %
TE L7

2. FRFTXIERIMIE

HEIER B 2 HAE (Fig. 2) &, JERFHEPEER D
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Figure 1 : Snow-cover chart and map of months of runoff
maxima (After Nakada et al, 2014a). Snow-cover chart
estimated wusing the Automated Meteorological Data
Acquisition System (AMeDAS) dataset (JMA) and a map of
months of runoff maxima in Japan based on simulated data
(Yoshimura et al. 2008). The capital letters along the color
bars are abbreviations for each month of the year.

R ERIRE LK E, AT E RS § 5
@ﬁ%mm#,ém%:xﬁ:mlTé@b11:~7
RETHD (KA, 1971). T 0 X 9 \CHERKR & T
WK ROKILAINE TR S0 &9 BT R fiifa ¢
HDH. BEUKIZFIZF K= 70 S ORIKKE &7
DARIE S (~32) T TR (<2TC) %Kkl Th 5.
R, RN S B A IR R L IR IRE
P, JbifEER RG> CHEERT L, HBFITHEAE
HodbE» AT % (Fig. 2a). —77, HEE#EED 5
U L 7R K, S - R O BRI K L 13
(2 U A AR L T D, —HIZH®SEMWEIHE L
T, KFE~LFITEKBNLWAT S (MRS, 2015).
FNWZ, BNTIIFERENE & RO RS IE S
BRBENOEMEREERBL TWDEFEbN TS
(KA - KF1980). F72, B#MOLELRED OO0
Ke, BEED S OWNIKAFHIZENNRAL, Th
SOSRA L COKMOIEMOEE L72/5E, BNEE DK
BRSNS,

MK O IL 2270 km? TH Y, FEE (2130 km?)

5 (a) Simulated salinity and velocity field

(b) Map around Funka Bay
o
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B2:(a)2010 4 3 H 20 HIZBF 5 OGCM 12 X A K75
ﬁﬁﬁF%EWEN7FM (b) WFZE %) SR FEI O WE K5 51
BT 2P & L HAHIK, BEOFISIL RS T A
ﬁﬁ?&fﬁ) W), Rtk od B C PR & AL 72 SRS L) e A RS
AREIE AMeDAS B, TR E DL I I (S
BRI, EERIN, ERBUN, EF)) (2B A1 E e
MAERTY.
Figure 2 : (a) Maps of the simulated salinity (colors) and
current at a depth of —12 m on 20 March 2010. The white
stream lines with arrows indicate the flow direction
estimated by the simulated velocity field. (b) Map of the
study area showing watersheds and aquafarms (black blocks)
around Funka Bay. The white lines and colored areas indicate
river paths and land use in the watersheds, respectively. Blue
circles represent river observation stations. Red dots denote
the AMeDAS stations. Gray lines indicate isobaths and
topographic contours in meters. The dashed line defines the
mouth of the bay. The eight capital letters (T, N, B, D, Y, O, N,
and S) are the abbreviations for the major rivers (Torizaki,
Nigori, Otoshibe, Nodaoi, Yurappu, Oshamanbe, Nukibetsu,
and Osaru rivers, respectively).

REILE (2120 km?) LRBEORE S THL, EHIXE
VAT B A 0 B KIS AR O & 5T 2624 km? Td
D, BKBEOHEORN 1.2/ TH L. HORAKEE D
REFT-107m THY, BhLoOBKELTw5 (Fig
2b). SEIKIEORAAE 1T 800 m, ~FIFH I A BL IS A
1/25 LD CTRAETH 5 720, FEAKE % 5 BKIEH
Jz@ LTl HUWIZENIZHAT 5 (Nakada et al,
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X 3: FEHER AT TIOVINOE - KIEZEHEO 7 0 — KB X O EHED /DD 3EY v 7 T
VOBEE. BARR 2 5t WA B D FFE 12DV T Nakada et al. (2014) &M &z,
Figure 3 : Flowchart to estimate river runoff and structure of the tank model with three serial
tanks. The physical quantities depicted in the diagram are described in Nakada et al. (2014a).

2012). WAIINE—Fm A S oD, BN, %
N, HEERIN, EFELEIN, SR, BRI, BRI,
i)l (Fig. 2b) 0 = I3HREDO L) TH 5.
RE DY 3~5 ATHh, FEMEFHTIIREIZ LD
HEEIMAROEEIE3~5ETH L, MABEIHET S
BTIMORIE, SREOME, T3 THAEBED
HENVWMLTHY, BERYHEBRELGEL TEF VL
LRdv. BAEHOMBEENMR L ERENTEY,
o 0 B % AR S 2 VR EAR G 2 I R T

3. EBREYIaL—yaryBKUAIIIKFD
REBERET—5tv b

BEMERE A E TV (Fig. 3) (&, BUABKFDSH%S L 72t
£ 7 )V (OGCM : ocean general circulation model)
(Ishikawa et al, 2009), ¥ X O'HNEBUZ BT 2 BIFEN %
WA TR 72O )i % Pl T & 5KLET IV
(HaRUM : hydrometeorological and multi-runoff utility
model) (Nakadaetal, 2012) & NX—Z|ZLT\5%. [l
MEET VI, TTICBEE SN T LMRETI Y 27
LD DTH BKEMRNE GIS ¥ AT 4 (http://inno-
va0l fish hokudai.ac.jp/marinegis/) 2B\ CHlgEETill >
Ial—YaroPBEETFTVELTHRASR TS
(Nakada et al, 2014b). FHIEH L PC LW ERE, A
N—= N T d YEORRA RERPOT 7R ATE L. RIZ
OGCM & HaRUM D fifj Hi 7z S 2 5L#k 9 2 725, B
HEETIVOFEHIZ OV T Nakada et al. (2014a) %% 2%
ZlzEnizw,

& RO OGCM BHEIEIE, HEvE & FHk
VDIV 2 & SodbifeE e Aol & AL 70 R % &
CURRCTH O, KPRHEEER 1.5 km, /15 78 J§ TH i
SNTW5. OGCM DOMIHSEF Stk 4 ek ik zx
726 AL R D ML EAT 7 — % (Ishikawa et al,
2009) % 2BBEDOARAT 4 ¥ I FHEIZ L o RSN T
Wh . HEEEERSEAEICIE, GPV-MSM @ 3 B HSFI RS
77 & NCEP-NCAR @ 6 BEHF342k - KT T v 7 AHKA
NENTNE,

HaRUM (&, )1l OEAIE DR - 2 - KN A%
B3I, 500 m A& FICRE SN 2oAitly v 7 7V T
B 2 5. HaRUM o R T 5% 57 52 14 12 1 GPV-MSM
T WA ENL., COFFRFEHEIA MR %0
5, TEOFEHEALRRRAELAL, Bk A X2~ OFHIE
HLBREHRTELEVINEDLH L. VIl —
Ta Yy OFBEMEE, 2010 FF RSB E T — 4
FHWT T AMEES N TB Y (BUHlGE & M its oM
BIPRE1349 0.8, 272 3% LAN), FHMOIRIEL 72 5
Nash-Sutcliffe efficiency #% (Nash and Sutcliffe, 1970)
206 lbaml, HEME I THo 7.

L 720K O SRR EE 7 — 413, BB IR
AT 2N (Fig. 2) Of TRz BTk E %
Wi USRI AT Lo 7— % (54 - g, 2003) 12z
T, BRI O T UL HL S BT B RIK O R AR AT
7 —% (Nakada et al, 2014a) TH 5. KEWEHHTT—
& LT, fEERME, HRRRIE, T EZ VAN U UK
W, rABEESFHI SN TR 25, BB O RARE
RFERAEATH 5729 (Kudo et al, 2000), HKEHO
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fRFE L CmEERFESE (DIN  NOs+ NHy) 77—
RERTICMER L 72

4. KMRIEODERFE(LERT T HAMALES
DRI

MEKIEIZHES 5 KU BT 2 KRR OFRFAEZEA L %
ATHA L. Fig 4a L, HFKBHNIZBITS AMeDAS
A N TEM S NERBEKE SEMBEEE (2L, &
EVROONLHIF 1L A~SFE5HFT) ThbH. it
4 S ERM OFI KR X 1275 mm/ 4, FIYRKESE =X
613 mm/ ETH VKL BESRERTH L. bt
HEEHE R CIERBW LM TH 5. 2010 4£ & 2013 4E0°%
METHY, WHELTHRSED L. ERBNICBIT
FEEMOFHEEFR (Fig 4b) 325 cm ETH ) £I1
SFEEBOFRE BRI Z L L T 5. IR oI5 e
13 40~53 cm D% & ), FEE O FIHES HEO A
DETH 5. ORI RERIE 2006 FF05& KT, LH
HONFHREERIE 2013 EICHRAREZRLTEY, 3L
DMHE ORAFEZLIE -3 L 2w, F2MkE, BEREE
b HE 2 BRI IE A S N R o7z,

A 6 Ot 2 E L 72 E TR 100 mP/s
HETHZ25 (BEA) - #%H, 1996), RS HIIZI1Z# 300
m?/s [ZHELTE )~ O EIZIEHT 5 (Flx
X, ENOFKTEE 278 m¥/s). JIT & OB,
ZRNTH BRI, R, JAGIL, B
(2B BT TRERE L CERS TS (Fig 2). &
TN i B AN LRI & % 72 O Bl = (34 7%
WO, MELKOMEREMLIIETSTHEL I
S OUUAJINER G EZ <, BRB N <4 i =
DOFI50% % 5 5 (Nakadaetal, 2012). Fig. 4c 12, &
I b= g VRIS WA U i B R S
BUF2ESE B~4B) oWt ~d. s O
MOEFHFE =T 48 m3/s TH 1) 2013 4D D %
{, &% B3~5 ) o&iimD 7T~8 FNIMEF /K= TH
% (Nakada et al, 2012). F7z, HEFIZBT LI E
E12~5 QI BUT 2 EEREE (Fig 4b OREHRTIE
BWZ EIER) ICIEBWHEERSGD 5 (HERE
0.82). ¥ b LT Y OME KR RS HKEE L
BLLC\W5.

Ry TIHARRIZ2 BICIEREARSE, FFE (3~5
H) \ZEEYNT 5 (Baba et al, 2009). K% 7 4 A DRt
WEZ, FEPOEFTIINTT B~7TH) BATHIL,
MFELIMR L ook THA R RERICL > T—H
T LB EofEGiER CEF T 5. BFOEAKBENIZE

M Rainfall + Snowfall
1400 -JSnowfall

+Average-1275

Precipitation [m

2006 2007 2008 2009 2010 2011 2012 2013

O Ootaki in the mountain

70 -—@Average over 6 sites near the sea
| = W
t— AvVerage-o9
£ 50 H —
o
S a0 { -
;: 30 —]
[77) 20 1 Average=2o

10 | ﬂﬂ

o -+

2006 2007 2008 2009 2010 2011 2012 2013
70
ONukibetsu River

60 O Oshamanbe River
— @ Osaru River
%) 50 -0 Yurappu River
E
5 40 +
[
2
s 30 A
]
2
o 20 4

10 -~

0 a!

2006 2007 2008 2009 2010 2011 2012 2013
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Bl KE (BN BEEE) & (b)FEERE (ST FHEHE s
IR ofE4EZAE. (o) IR IO EHlE (Figure 2) 1281
B e OZFEHFaHE (3~4 7).

Figure 4 : Interannual variations of (a) the total observed
precipitation (rainfall and snowfall averaged over six
AMeDAS stations (Figure 2), (b) averaged snow depths
observed at the Ootaki of the AMeDAS in the mountain, and
averaged over six AMeDAS stations, and (c¢) the runoffs of 4
major rivers averaged over the period from March to April.
The runoffs were observed at the river observation stations
(Figure 2).

JAMEATE, K THASEREER Y IET HEE
LEETH 5.

Fig. 4 THIZMEBE, FkE, BIEREL, FFOKY
T A ORfER%E (Babaetal, 2009) OBIfR% A THAh X
9 (Fig. 5). BEHE, FokE, BEREIE, LEBCBT
212AM55 HETOFYETH L. HEHBEE LES
I, BERE & ORI 2 BARED 2 & 295 7208, HE
HEELEZEEOMIITE VBRI AONS (7272
L, 2011 & P& <), 2011 FFi2owCid, 3 H 11 HIZ%
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Figure 5 : Scatter plots of spat densities for scallops averaged
over late May to early July and snow depth, rainfall, and
snowfall averaged over November in a previous year to May
of 2006 to 2013 (see Baba et al. 2009 for the sampling and
calculation procedures used to derive the spat density data).

A L 72 G R R GREARER) 12X 58
WAl L o TR BIIZ—ZE L7272, —FHWICHES R
EHHABEOMZ D% CHEMREEPHENIZbDEE RS
Na. 2011 FIZOWTHIEME R TH L. HEHEE L
3~4 AomiliE (TRbbMElikEs) &L dmoTH
WAHEIRAMR (FHBIFR%L0.99) 235 Z LS ho T\ b
(Nakada et al, 2014a).

5. RIEHKICKDNK - REIETSvIREL
HhFI A

Fig. 6a (&, FE 2/l (Fig. 2b) O Tt oK

HIZBI1T % DIN CR#EHE) BREOFHZLOMNTH 5.
EfN 2 B2, &Tom)lo DIN g IZESE (3 H~
4H), $hbbREHMICBVTE—2%EoTW05Z
EDTERTE L. @I EBSIIO DIN REE X, o
AN EAE, KT, B, S5 OB Ds
L HEAKIIC B L A A A B L (Fig 6b), 4
TOHEKIBUZ B THRMIATE O 2 EEGH 8 N A
LGS, EBIE BRI O EIBOEAA23%, 30%
o TB VMWL Y &, RGTERGI, #E5EE
NOEHMOEEHE ., O &%, DIN EEEA
(F I - FE ) 2 HHEH SN2 KA X - TN
LTWAHZEZRELTWVS.

JKXET NV (Nakadaetal, 2012) 12 & % alEAE% H
W, BRI — 7 QNI OFEZHEE L, BB
ECEToOMNEZFHE L7z, Fig 7al, 2006 4 2°
5201344 AF CoEMIOERRRETH L. S
WCEFISTIHED E— 7 AR5, @S HKAHE S
NTwb, BEF KFIZOLE— 7 HELASLNL D —F
M7 BRI RIS X 2k KTH Y, AP EHE T
%L 4~5 BIZBU 2R E S FHII RS 2.

gt i 12 DIN 2R (Fig. 6a) %% U C DIN 7
F v 7 ARHEE L7z, Fig 7b &, 2006 445 2013 4 4
HEToEmIIOEF DIN 75 v 7 ZHEMETH 5.
HKEEOMEHAKEEIZBWTDIN 759 7 ADE— 78
Ao, I EORRZS) & IR L A B) &R
LTw5., T, DINBREORMZEEINESL D &, Wl
MEOMZBIESK S W20, WIGEORBZS)IC
DIN 77 v 7 ADEBP L ENLNHTHD. D
2, BFEOMNTEL & D%\ 2013 4F 128 W THER
DIN 75 v 7 AW b %o 72, #KHEKIC L % DIN
7597 ALFIE N T\ 5H (Nakada et al, 2014a),
A BT O Z UK & KB K% AFFL 72
DIN79v 272D 10% LT THY, id~o DIN 7
T I ADIFEAEANNPLDLDTH 5.

6. BEHKIC K> THIEETNSHEFETE D OiRED
1%

B HKIC & o THEREBIR R, REOXERE
AT S B LI, HRES MR T L7z
WINFFORDBTER S NG, DF ), FEIIIER R
NHEBEIIF I RS S A, —fFlE LT, Fig 812
2012 4RI BT B FEdERTA £ 7V (Nakada et al, 2014a)
DY Ialb—varyfERERY. 012413, FFIIBW
TENANRETE D AT 23 2%55 <, %
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21X, 4H26H (Fig 8 i) =& % &, ksl ZALIZOWTE, I HKROZIEREC L 5, W
FHE D) OWEIS DT S A, WD S HIK L 721K
Lo TR OESMET LT\ b, L 3 AT % iR self advection (Garvine, 2001) 12

A & st 7 O 7 R R

100

@

N A

w0\

e=Nigori
60 mm” e=Nukibetsu
. v

DIN concentration [ ./ mol L]

40 == Osaru
@ Yurappu
30 1 )
20 == Nodaoi
/ ==0Oshamanbe
= Torizaki
10 == Otoshibe
0 T T T T T T T T T T T ]
JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
(b) :
100 70 38 km 157 km? 149 km?
562 km? 430 km* 96 km? @
90 + 133
80 + 7
=" 148 km? 2
e\ﬁ -
2 70 + @ ©
s =
560 ©
£ = =
o 50 +—& 2
] 7]
3 - 0,
[
T4 8 ©
s [
30 "
g
20 + 3
[
=
10 + §
o
0 - | |

X6 : (a) EZ/N (Fig 2) Ofg FitiaoKkPIcBIT 5 DIN (REHE) BEOFHZE
1b. (b) EZE/GAIINC BT % EIKINRFE & 2 H & FARI SRR 5o 2 E 4.

Figure 6 : (a) Seasonal variations of DIN concentrations observed at the mouths of the
eight major rivers (after Nakada et al, 2014a). Black dots with each river color indicate
values calculated by observational datasets. (b) Percentages of crop field and forests in the
eight major watersheds. See Figure 2 for the map of land use in each watershed. The
numerals on the bars represent the summed percentages of crop field and forest in the
watersheds. The numerals at the top of the bars indicate the areas of each watershed.
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KB 52 éﬁ‘% SRR\ X E Y ErORENIRE ) RS EAHR L 2R, @
CHEYs (17 —) AUREN, BEEOEKIL LB MNREDBER L 720D % A b ND. REHE
# (mE *Eéﬂki) wary—7T, Wl (2BIT B UREN OUEIL, B S REEE ) 1258 <
— Lo TRENT VS, BELKDIUEE LHTO o TWEELEMNETRAL 2L, RET VO
3H1H (Fig 87X) 121&, BN SIZKEEE ) DA PEIZOWTIE, RSN T2 D0 (2008~2009
z O)E#,ﬁﬂ FILFESCOREE &AL <] ), ADCP % CTD |2 & MBI 7 — 2 12 & > T

B REO GBI 3~5 AT TE FEENT\Ww A (Nakadaet al, 2013; Nakada et al,, 2014a).

WEETIE ) OB LR & 7 7 A HEH &R

2o Ty

rIVE U (McCreary etal, 1997 ; £ S, 2003) 12 &
L YFEBHEN
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Figure 7 : (a) Temporal variation in daily mean estimated volume
transports of the total discharge from all rivers from March 2006 to April
2013. (b) Temporal variations in estimated daily mean DIN fluxes (mol s)

from all rivers.
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Figure 8 : Daily mean maps of the simulated salinity (colors on the ocean), current (vectors) at the surface
layer (— 2 m depth), terrestrial runoff (colors on the land), and water equivalent of the snow cover (m) (black
solid contours on the land) (a) on 1 March 2012 and (b) on 26 April 2012. The levels of runoff volume
transport are depicted by red to blue to white colors along the river paths.

T % (Nakadaetal, 2014a). M 1 2 Wk 2 JEEK
X BHEA N Z AL BIR_ESN TS (Takahashi
et al, 2010). T D X9 HEIEIZBIT L ILE)Y O
ZALIE, INE TOMA ZBIFRIZ L > THHS 2
o Tw5h (e g, Takahashi et al, 2007).

7. EERRREEDQFEBENDLHD

Fig. 8 THA7- & 9 Ziidhi oM ZALIZ L - T, W)l
MHBEBNNTA LR N ED L) IZENTHE I
LOPERTIEY I 2 — 3> (Awajietal, 1980)

2 & o THlRz, RERHBPEE GEF TNV -3V 7
% (S HAKPH) 04 H 10 H2H@EHKEHO 6 A
10HEFTo2,AM, FH L zam)lon Ot s
)y FiZBW T T% 9 R E L C, BkstE 41772
FTPICENENDMIND» S OFKER T T v 7 A% T
72 B, HEOZOBIIC KX ZRF OKVEEIT
RARLIEEL, MTIIEBEETERBICE & )T,
R OIEHOBAR I EE L T,

Fig. 9 @ LB, FHERTICEHE L 7oR T HEOK
oAl TH L. 5 H 7 HOGAXE D &R T H R
1) OFEENHE IS & o TS > TRIZ—FRICHETE L
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Figure 9 : Horizontal distributions of (a) simulated particle densities, and (c) DIN densities on (left) May 7,
2012, (mid) May 22, 2012, and (right) June 5, 2012. The eight capital letters (T, N, B, D, Y, O, N, and S) denote
the abbreviations for the major rivers (Figure 2). White lines along the bay are river paths.

TWbZ edbirsd. 5H 22 HIZIE, BOolus, FEin
POHBHANDLTOMHL T2 300, ifFEIZHE-T
KT HENRVEEAH 5. 6 H5 HIZIZBEHRIEIcs
WCHRTHEEDNEL 2> THBY, WHMEOR T13E
WS HRAD g olik SNz, L TAHPERERTY
S ADEEERDLE, EORIZBWTLIRITIRREE
TOREWMEZRLTBE Y, FEFIZERRONEAIL
BLAEMBIN TR WI EERBEL TS, I
X, KEE T T v 7 AORE WS L 7R EEE
A, BRI TEI VT, ZLTOERSAL DL
RSN D, 72720, FFHE S 5124 Lot
EHER I, IR E W AN LR T
EEZONDH, Ky Ial—va VRO EERN 7 E
MEEbLSnEEZ BNL.

8. F¥&H

8.1 BEBHKERYTHAHEEE & DREEBER
AEBERIIES G~4 ) omiliiz (F4b b
FikmE) 2HT 5. £ ORMICE L TEmIbK
TR SHERE SN A REEZ L ET 20, KD
FAMEENE L 2 LEMICH L. LHrL, IIH5E
TR OIREZ2 A BYIR L, T ORI 2 LI T
BEIEAV/N S V2, fERE Ll E o R EA 2
KEWT Ty 7 AFFERLTWD, FE B~4H) 128

W Em DK IR S L 7T v o
Fy (7uva 74 )va: Chla) BESEML, &% 77
A HHOBIENL L b 720NEORFBIRED L%
% (Baba et al, 2009). Z D%, EMESIZ 3BT 250
RVFHNED B ENE L 2 ), AFMDKRSY 7974 =4
FEERARETLIMEOEL L DEEZONL. Th
5 ORERIE, B MK OKFERIRED B D%
BRI TWEICD, BENEEEERICERREE 2R
7L TCWB I ERRBT D, 20X R EEEM O
B, BENKEZIET LSRR L RS T 7 M HEE
E DMV & A A, BRI R3E & RO &
Z, FICREHIICBW TGO DT T EEZ 6N
5.

8.2 ZOMICRHEINIEEBERS

KT, Pl & HHEIc B0 A WHEEREHEHB L O
b TE 5 T, Rl & MR 2 At & O WA - T
b5 2720DF T IVOEEEE BT A E T IV L
TWh. RimOBERE T 7 IV IWER OKBISR) 72
T 258N D DD, BEKBIZBITHKRY TH A L
25 EEpEEEE A RIS 2 LA TEZ. 2oz
b, BEEGAETIVIC L) BIBREVERIRE A R S 1
TETVLDTHREIZEHEIHENT 5.
FRICHEED RS T HAMR 2 ECIUE L7214
HE 2 2 A AR S8 4 72D IR e S L2252
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BEnsd, ZOTLEPERI NS 5~7 ORI,
NABKDS RS 74 HEHOAT - RICEOREL 5
A 5. FHHS T OMmAKE KA LITTEBY), K& T
HAMEHIZIE D 30 LN TR T 22D 5
(Nakada et al,, 2014b). &ZF (3~4 H) ojiiw ($74b
LRENE HKE) 2% vwE, HEHBEZ & 5 HICER
T 50, BHREL %5 7% &5 B LW
% T o T B EERHAR RE 2 W5V B HICAER 5.

BRREOEMNIRREEIC B 25T, RSN
FRK ETNARDTHAN L > THI S NS, BKIZK
LI, INREEROMES/ NS WenlFE A LK
PLTOLIWRBRETHL. HERHORADS A IV T
PEEN L ) L EWEE, BAPEICEERKIZE ST
BIRALT 2720, ENORRK EIGEBEIK E OFEE
AWRS LY, IBREBEPENICRALIZSS 7S, £
DGR, IFEBUIKIRIE A 7% < 2 IS 5 (Nakada
et al, 2014b). GBI OBEBWNRAD 3 AW O 6,
FHIAHEMIEEIEALL, Mz T 3~5 HOmE LKIC
Lo TEHIIEALT 5. BlzIE, 2010 4FixZ oAl
o —ATohol.

WD DBKT T v 7 A2 & 2 BEHNFREKOIEMK
T, BEAEIIBIT AR EICOEEEH -2 5. &
FOWMNHK (RS HK) PECEE, WKL 250
77 v 7 AN TOREEE ) OB b iR S Lk
Vo F72, BNEBIOBEENRKE o TR
PENITHALR T 20, BEUKBEAH 1.2 f5123 2
%, RVEENSIIHK L 72gkAKiE, EBHNERE TR
KE LT Ll, AFI2BITLEINRAICL > Tl
JNAHOK & 6 IEREK DR G KRR S 5D, B HIK
PG, IRAKOEDPED L, 2 IR EIRRK
DEEHIKTH 3154 { 72 5 (Nakadaetal, 2014a).
SO ITHE - MEERES BRI S T TV
I2& o T, BWNIHFET 2 KD K DOFE 2 L O
2T D% IEHEICEHET 5 2 LT E 5.

HEEE K (submarine groundwater discharge : SGD)
WL BHEE 7T v 7 A%, Chla A ERBEAEICEH
BB eV RS L H D (eg, Hu et al, 2006). M
KIBIZHEAN M SGD %@ U724 P DIN 77 v 7 A
A, WA #ELZLDIN 77 v 7 AD 1T%HRETH %
Z ED M AEETIVIZ L o THEE 2N TV % (Nakada
et al, 2014a). SGD 12L& % DIN 77 v 7 AWK 7 5
v 27 b v (Chla) RMEMEIZS 2 2080, BABICLB
WTIRIBEEGEFEICBIT 5RO THL EHE RS
N5, FlziE, BRIREBICHET 2 BEERKARY +
T Y TEOWERNEKL T D I e, RO

EBR=> CTD BUA - KA & o TR K B U8 ik
BIZLoTHEIPOLNT WA,

BRI B 2 B3 L ED R A O @ Th %
72O ORAWITREEE RO FikmE AT 51203, Bl
HAZERT A ENEETHDL. 2072012, ik
PRI BT« — L K& L CRERM % B3 7
OOBMFA - ETIVEIEIIZE L Mk L, R0 —
ek R0 HbIE 1tk 2 ARRE L CW S MDD L7259 . FRICKE
B RHTXLETIVIINEATH L. K TRAL
TRl AT T IV TIIEREN A2 S 0T 7
O—FAT& R\, SR, BlEREET VI, WEE
WA RITEDWERMIFAM R ET NS, AR
BARERET N, ERERY—EREFHETE 2 45R
72T I ERMAAIR, &0 SRR & BEifEEE %
I CE 5 EMFLTW D,

HiEE

RIS LSRRG Hlsk 2 5 A & — RIS EE (KfE~
VUNAX T2 —) O—BE L TERSNL. Tl
B FEMAFOA—/S—a ¥ 2 —%— (CRAY
XE6) ZfEH L7 F72, [T HMER L7z GPV-MSM
MRS T — 71200 TIE, THEE RS AR B 22T 5
O IRt 7o w7 By SETWExE L
7 b v N7 AR A IE S8 B I I K RE BRI O 0 B 3B
K, /RIS L ORISR BEHH L P E 5.
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PSAN - A—VALREICH T HYEEEERE
gAELETVYD

AMde MRV, MHEH A, Ik B

2006 4F 6 H~2009 4E 9 H ® 34ELEOMRM, 75 A% - 2— 2 Vi Pt il USGS KA ERH A (PLS
W) TIREMERE, MERERFE (POC) R, REHEEFR (PON) BEO 1 Kk — 5 %1%
7z, a—a iyt (EHE 8.57 % 10° km?) D) 75% (AN ER Ak A L% b DA, 1.1% 1811k
WK THZ. 6 H~9 HOBEMIZIX, 1— 3 W ojie & R B B IIKI & 51Otk & B H H
2O HBAOFEMNIC L > TRELSEHT L. 4 HTH~5 AAICIE, BEBEAKICHE S IOk O#:
(breakup) 23 U, T 01t 6 A#H F TRLE Hk25%E <. 2007~2009 40 3 [AIOFEE HKIZDWT,
FEROwE - T E - POC 77 v 7 A -PON 77 v 7 AT 555 %25HME L7z, HRE LT,
FEM ORI L 14.1-24.8%, LERHFEICH L 8.7-22.5%, POC 75 v 7 AIZAF L 11.6-23.7%,
PON 75 v 7 212k L 10.3-24.5% D %5533 - 72. 2006~2008 4EE i oo 0 P35 & & 0PI+
HHEORZRTNICOWT, ZRENY V7 - EF VB I UREREONTEKREEA LT, 20
wAAT, L LT, EFVEMEIZBIE R OfI2 »=0.88-0.94 (fi&E) & »=0.73-0.93 (7%
BEVRIREE) OFWHBEZRL, ETVICLAHHIRICZYTH L2 Ebh o/, I tiE
515 6N B RBEY IR T B BAERENT 20 &, Gk TS OFGIEAKIIR & E 2 H B L HEE S T,
FEFEFRATCIE, IRBELIC X 2 5UR L ADOKIM BT IS5 2 2 50RO Ciliam L 72

Material-loading processes in the Yukon River basin, Alaska:
Observations and modelling

Kazuhisa A. Chikita', Tomoyuki Wada® and Isao Kudo®

Hourly time series of discharge, suspended sediment concentration, POC (particulate organic carbon) and PON
(particulate organic nitrogen) were obtained at the lowest gauging station, PLS (Pilot Station) of U. S. Geological Survey
in the Yukon River basin, Alaska, in June 2006 - September 2009. The river basin (area, 8.57 X 10° km? is occupied by
1.1 % glacierized mountainous regions and ca. 75 % lower forest regions with discontinuous permafrost. Thereby,
the Yukon River discharge in summer consists of glacier-melt and permafrost-melt discharges over the summer and a
few rainfall runoffs for several days. Focusing on the snowmelt runoff in late April or early May to early June, its
contribution to annual discharge, sediment load, POC flux and PON flux was estimated. As a result, the three
snowmelt runoffs in 2007, 2008 and 2009 occupied 14.1 - 24.8% of annual discharge, 8.7 - 22.5% of annual sediment
load, 11.6 - 23.7% of annual POC flux, and 10.3 - 24.5% of annual PON flux. The discharge and suspended
sediment concentration time series in the summers of 2006-2008 were simulated by the tank model and a power
function of modeled discharge, respectively. The simulated results were agreeable to the observed ones with the
correlation coefficient, »=0.88 —0.94 for discharge and »=0.73—-0.93 for suspended sediment concentration. In the
simulation of suspended sediment concentration, it was suggested that the sediment source is located in the glacierized
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regions and river channels. As a sensitivity analysis, the effect of an increase in air temperature, due to global

warming, on the glacier-melt discharge is discussed.

F—TU—Ra—as, EEROK, BRI, KRR,

7 7 '

Yukon River, snowmelt runoff, sediment load, glacier-melt, tank model

1. FUSHIC

Koppen D 5 EX 5, BI O FoS BAETH 5
Koppen-Geiger D55 X5 (Peel et al, 2007) (24112,
B F s a—a N~ KRET T AN L7203 2 —
I IR O S XL RER > AYEL % Dic THF S, HiFE
TEAEICB T 5. F70, dLiEEORE RS Db T
HY, WIEGIHOBEBRICMEST S, LaLl, -3
TR O IIFI K, B X MR o AR - (R AT 12
WERARLEDHFET L. 200, ¥ FFHGEo L5
VIR IKIIE & AR AR A5 O T F & F¢ O S0 his, R —
F a8 VRO £ VTRAB LN OB %A B S
Wi ), TNE /IS RERIEA o — )V TR E 72
WA AT DA A S O & DFIET 5. BROSRSR
EF A O VGITIE, ERICKEN, KMEE, o
TAVEASFEERCHR D, S SRR AT EIKT O
R TANZR 2 OT, WA —VaSFE LT EheE
NOFIR TR 2K - THORBFEEEZ O L2k %
(CFIEZ 2, 2007 ; Wadaetal, 2011). 7 F A ) OftisA
TlE, BB EONABWEEIZIZEA LR O
A5, WK E ERKERE LTCW5720, EEOREL
(2 & B B K HER A EE L 72K ER B LOo0H
% (Gndeiza, 2012).

MR DK X 2 IR 5 i AT - b
FEATIE, NV BRI TNRGABET VIZE - T, 2
NETHEL L OMRELF R ENTVWS. flziE, aurE
T2k 4 Nijssenetal. (1997), 77 = T2k
% Kite (2001), A 3 »3Zxf9 % Takeuchi et al. (2008),
=¥ = = lzxtd % Picouetetal. (2001), 23 v ¥
zxtd % Sivakumar (2002) 7% &E2%H 4. LA L, @l
BRI Rl 2 D T ED AT (X FHE DR D T AR <
(Morehead et al, 2003), % OEEHIZFELFAKIC X 2 HEFH
YR EEOMRAS T IEA T RN L1282,

EE51%, 1998~2013 D2 — I VA L -
T, KREHVEFAFT (USGS) DKM BIH M Cojiim T —
5w &2 iE, B X OTPOC-PON-DOC-DON -
FEMEEA S OAMRICET A ERT - 2 ETE
7z, 2 ZTIE, 2006~2009 FIZ BT B L— T DK -
+# - PON - POC Ot iz iamd 2 & &L b2, 21—
3 I O AR  iE & AR A = 1 A R Ko

FHEHOL T A, S 51T, KR & BN
AR 258 (6~9 H) (2B 51— 3 VD
- TBRBEOEHICOWT, ¥y - EFVEERE
TEDONF B EHWCINABHIL, IR &
FERRUR D2 5 2 RIS 02T 5.

2. WRIHETTE

2.1 WHREEERGE

LI, =3 VitB X OEES AL 7
USGS KAl s o il (HALEB & V) 2R T
(Chikita et al, 2012). ¥ (L 8.57x 105 km? T,
M S A ot HARE LR 3.78 X105 km? Of) 2.3 f5 T
H5. IO 50% LL i AeiEE (b 66°33) O
IZh Y, HIEFHICE TS, SO IIIGERRIZE &,
FAEBIADOEME R 5345 12 X0 Ak A B b AN 46 & 7
I, KEEILAE ATV v 2 ARO—HB LT
T AR~ F ¥ VL5 L, KB A T AR L
WAaED 1.1% (8 9,427km?) TdH A (Chikita et al,
2007). Z OO 50% % 5D D DOH Y FF Ik
Thb. T, FRWEIITIRSAROK 75% % b, WK
LU HT L ZAZR A AR 5 LT b,

FHHIE, 2—armoiig s LB RIS 2 5K
TTRMVR DB HND 720, 1998 £ 5 FHRE O
PLS #bpi, Hi#o YKB #br, BLOZwE T
U TNN # & JHBE KT o PC # s TR B A —
(TidbiT, + >t k- a3 ¥ a—yF8 g+
0.2C) LB BEE (ATU3-8ME!, JFE7 N7
YTy 7AW R OERE, EHED £0.2%) & KE
L, oK - SEORIE % 1 REETIT- 72 (K
1. 21%, PLS, YKB #5128 A HERDREETH
5. B, BONEE TD (ppm) OfEIX, “FREEE
ke (depth-integrating sampler)” 2 X 2 [AEHRK T
1572 R EE (Suspended Sediment Concentration ;
DUF, JEFEOHA1LSSC L%5), C (mg/L) LMD
MBI B4R (C=0.7656 - TD+59.733 ; R2=0.756, p<
0.001) »6, FEWEIEEIZZW L C\2% (Chikita et
al, 2012). Z O, WE~ Y EIRERIE 11 5o
WZEWBRD S - 72, ZOFE=F ) ¥ T ORI
DWW, 11 H~4 BiimlasEk L, 4 HE~5 A R0
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Figure 1 : Location of some major USGS gauging stations in the Yukon River basin (white

and black circles).

FHNIOKBR L LKA EAIZ L b 7 ) KO
(breakup) A5 = % (URL http: //www. yukonriver-
breakup.com/) (HADEE, FHiZ2 (2009) & SH).
ZD72H, A2 OWENOREr —7Vhgir s, 5
WBMKT L7 7T M LITLIERE 572, Zhic
£0, 10 H~5 Ao TIZREAL .

PLS., YKB, TNN H# /5 CId ii E AS 5 AKEE T 370~
80m 2% b7z, H2IIRy —HikTld, ZOHEHE
DORFERIHRIE L 72 5, 2T, Chikitaetal. (2002) 1%
PLS, YKB #i5cor 4 —FHilH 12 TTD (Temperature-
’mmmwﬂwm>7m7747—’;5mﬂ-ﬁﬁ®
REWI R A2 17> 72, R & L ¢, K & e Big e
@MEW$ﬁﬁ&uﬁ—_;5Hhﬁt®% (&, HEME
DODREIEDPDHDLT, ThTh=z02CLUT, £20
mg/LUTFTTHo7:. ZoZehn, 5 H~9 HIZBIT
B0 =2 X ZKI - FEYRIRE LN, HOoAE
BEBERELTCVDILERS. HRELT, FHTot
Wi E L(kg/s) (&, WiE Q(md/s) &FEWEIRE C
(mg/L) OFfE LTL=0.00l-Q -CTRDLN, Fh
ZNO 1M T— 5 PEL N7,

KO FEYE & b BEEAKESR (PON)
k%%’ﬁ‘ﬁ‘?ﬁ’l‘ﬂ%iﬂ? (POC) DENL, FEWHIRE LGS

WZAER L7288 7 1 Vv 5 — (Whatman GF/F) #%3fiEk

MR L B s A7 NIV HTEEE (Finnigan Delta V plus,
Thermo Fisher Scientific, Inc.) TR&HTW5S, B, &
5172 POC i yi(mg/L) & PON i y2 (mg/L) 12D

W, FEYEEE C(meg/L) & OBIZ, #NLFtn
=0.00471C+1.1359 (R2=0.747, p<0.001), y2=

0.000475 C+0.04294 (R2=0.790, »<0.001) o %R
Bid ), 2 ORI E W CEFE R, POC R

PON &[0 1 Bl 7 — % % #%#7- (Chikita et al, 2012).

ik, kwuitiE L FEkIC, POC 79y 27 A, Le
(kg/s) £ PON 75 v 7 A, Ly(kg/s)»* Lc=0.001 - @ -
v, Lyv=0.001* Q- » Tt &7z,

River flow O
::tmarla:grgt::e =0t m Turbidity sensor
[ ™ P/ with a wiper
~1m
Tobank ==

\
\_‘ f Weight 3

2 : PLS #1281 2T E: 0428 #: (Chikita et al, 2012).
Figure 2 : Mooring system of instruments at site PLS (Chikita
et al,, 2012).
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3. BRABREER

312, PLS #5572 2006 4 6 H 19 H~2009
£9 A5 HIZBUT 5 HFEOKIR - bl EiRrE - itk -
TR - POC 75 v 7 A - PON 7 J v 7 ADKEH
EE)e Ry, KEAtZiZ0C TH 5 2006 4F 11 H5 H~
2007 4£5 H 8 H, 2007 4£ 10 H 18 H~2008 4£ 5 H 14
H, 2008 4F 10 H 14 H~2009 4£ 5 H 7 H o #ARX, 2—
I M OKIKMIE T, ZhHET TS 3~5 HENZRE
2 X KA EF Tk o (breakup) 252 5. F
W) OB XA K I T 100 mg/L FEEECTH 5 75,
FAETEBDH VLB L. TOBEE LT, Wok
FARF DK BE THOK T OGRAKOHHELI L E Y, it
K2 B HE Y 2 =A%, R SRAE SN D T
BOB &K ST 2720 L Bbhs. &b, Kiit
MWOC % TR DAL, t =DKW —IFIZEA ©
COLNIZ LT EKRT S,

M3A5HSAD LI, BEICLZMAEITZED
FoRKiETRT. MEBMMOEHRL LT, breakup
Hioii e A ORE (4 A N~5 At) 25 b
wEOZILOKE (6 AR ~H1)) FToOHME T 2.
T5 L&, 3TOREZIIMIL 200744 525 H~6 A 1
H (38 HM), 200845 H4 H~6H 10 H (38 HIH),
200945 H3H~6 H11 H B8 HIE) &%%. Zom
T 2007 FEORF R AR b B/ NS, ThUE, 2o
FOFIEANO/NES L MERBEOENPER EZ 2 S5
% (Chikita et al, 2012). PLS #i i ClE, 1976 £ 5
USGS I & o TR B SN TB Y fimIZEH| I N T
Wa, ZIUTK B L, 2007 FEREE I O RAGEE (5 A 12
Ho 15,340 m3/s) 13 2 FH IR & D, 2009 £
wARuE (5 H 24 Ho 29,730 m3/s) &, 3FEHIZEWE
RERLERL 72 BEIC X A Wi, BE ML) 1~3
HENTHIET S, L2L, 2008 4E & 2009 4 D%
BRI EOE -7 P REOE -2 L), £hTh 3
H, 1HZBRITLCEHNL —J, 2007 EOBME T
X, IWRBOEY -7 piEoOY—2 L) 2 HERLTH
Nz, Zov¥—27 oA LoERIIZ, 22— iifo
Yits, wmAY 15,000 m¥/s Z iz % & i A A —
FICRAESNI COFEWHIRESERT 5705, RAS
NBREHERYRNRAD D % 720, (FHE R DG
AT 5 2 EnE 2 55 (Chikita et al, 2012).

ZIT, 2—amoFE R AR & AR RIS S
AEHRKROEGEEZ L. 72720, —IKUEOHER %K
TRREAZHEICEZ 2 9 AEIICE 5. §5 &, 2006 4F
9H5H~20094E9 H 4 H® 34EMIZOWT, ERM DT

7700 - : T T 25
o | )
E o0 | }(a) Water Temp. : {200
E N z
g 2
£ 500 | {15 2
€ | | 5
g 3 ] | 2
IR | A
o] | =
£ 300 |- | " e I (| S 5 B
) i =
£ | | \ s
2 200 J e ——— 0
3 4N AN
L
2 100 BARIA S A |
] ! v
2 SsC
2 0
30000 ; 18000
(b)
25000 15000 =
T 2
£ 20000 |- ) 1 12000 <
b Discharge g
& i =
E 15000 |- J\ / 1 ) Sediment Load || 1 9000 ;E,
Vi W :
S 10000 \I\ [\'J\ ¥\ 6000 3
5000 —— k V " — 3000
0 FM“F—JM : -— 0
120 12
C
100 |— © 10
W POC %
2 80 8 )
= N b
2 60 6 2
Q
Z
<4 40 N l PON__L, 4 @
|
20 | | - -2
| | ] |
a ‘ VT ‘
0 0

i
4/1 7/30 11727 3/27 7/25 11/22 3/21 7/19 11/16 3/16 7/14 11/11
2006 | 2007 | 2008 I 2009

3 PLS #hrT 12815 % 2006 45 6 H~2009 4£ 9 H ® H ¥
DK (C) - FHEW R (SSC : mg/L) - it (m3/s) - T
it & (kg/s) - POC 79 v 7 A (kg/s) - PON 7 5 v 7 A
(kg/s) DI 2L (Chikita et al, 2012).

Figure 3 : Temporal variations of daily mean water tempera-
ture (C), suspended sediment concentration (SSC: mg/L),
discharge (m®/s), sediment load (kg/s), POC flux (kg/s) and
PON flux (kg/s) at site PLS in June 2006 - September 2009
(Chikita et al., 2012).

# - LiiHE - POC 79 v 27 A -PON 75 v 7 A,
TN 1.94x101~2.01 x 10" m?, 3.94x107~5.08 x
107 ton, 4.05x10°~4.77x10°ton, 2.80x10'~3.44 X%
10%ton LEMEENA (K1), THIZL - T, AEHAKIC
L BHE5E, ERMEICH L 14.1~24.8%, ER A
2R L 8.7~22.5%, 4 POC 77 v 7 AR L
11.6~23.7%, 4£f PON 7 5 v 7 A2 2% L 10.3~
245% k%A (F£2). 200649 A5 H~200749 A
4 HIZBUF 4K - 145 - POC - PON D4 A fifm i o>
2HFEM LN, ENEN6.7~7.6%, 22.4%, 14.7~
15.1%, 18.4~18.6% A L7z, LA L, BiEHHKDOH
Hadfh o 12, Z 2 29.5~43.1%, 56.1~
61.3%, 41.7~51.1%, 48.0~58.0% & K & 7% /L H37%
HHENDL. TOLHI, FEHESI/NEV (Fhwz,

A HR OB DN S ) Baid, £l < Zok
TR BRI & BRI 2R & < -85 - POC - PON %
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F= 1 PLSHTIC B 2 3EMBEOTRE - LT E -

7R ST % (Chikita et al, 2012).

POC 77 v 27 A -PON 77 v 7 A, AFPIRRE

Table 1 : Annual discharge, sediment load, POC flux and PON flux (ton yr), and annual mean SSC, POC
and PON concentrations (mg L) at site PLS (Chikita et al., 2012).

Water discharge Sediment load (ton yr!) | POC flux (ton yr') PON flux (ton yr™)
Period (m?yr?) (SSC; mg L) (POC conc; mgL?) (PON conc.; mgL1)
5 Sep. 2006 - 1.94x 10" 3.94 %107 4.05x10° 2.80x 104
4 Sep. 2007 (203) (2.09) (0.144)
5 Sep. 2007 - 2.08 x 101 5.08 %107 4.75%x10° 3.43x10*
4 Sep. 2008 (244) (2.28) (0.165)
5 Sep. 2008 - 2.10x 101 5.08 x 107 4.77x10° 3.44 x 10
4 Sep. 2009 (241) (2.27) (0.163)

R 2 FEMAWREISHT LT HKOFSHE (%) (Chikita et al, 2012).
Table 2 : Contribution of the snowmelt runoff to each annual flux (Chikita et al., 2012).

Snowmelt runoff period  Discharge  Sediment load  POC flux ~ PON flux
25 Apr. - 1 June 2007 14.1% 8.7% 11.6% 10.3%
(38 days)
4 May - 10 June 2008 20.0% 19.8% 19.9% 19.8%
(38 days)
3 May - 11 June 2009 24.8% 22.5% 23.7% 24.5%
(38 days)

BT BT A 2 b A A, Striegelet al. (2007) 13,
2001~2005 4 O FIAEM POC 7 T v 7 A% 7.48 % 10°
ton LEHHEIL T3, LA L, 40, &4 A5 7- FI4EH
POC 77 v 7 A1 4.52x10°ton TH V), A% HE KM
L CTWwb Z kb b — J Milman and
Farnsworth (2011) &, #OOXLHEIZEDONT, 21—
I M OETWTHEZ 54 Mton & RfEL > TBY, 2
Dk, Fx B3R FIE LRSI & 47 Mton & 132
LT, O OFMAZYTHL I WD, 7272,
ETIE L — T VRIS BT A K OMR DT L\ 729
(Matsuo and Heki, 2010), 7% TS EE R T & %Ki
TOREMEHOETIZE T, ZofidEnk #HA35
ZENEZLND. 2008 4 & 2009 FIZ BT B AR =
x2S KO 5, ZIZREETH L (R2).
ZokE, ZOFGRIMOAKEIIOWTHFEBET
HHZENb,L, ZOZ LML, BEHKOER R
NOFGEREBPIEE WS, MoRTEIZOWTHH
HERIZIZIZABE L CX 5.

AN KR O - FEY R IREE - TR R O L)
1, BRI T ORI 2 RN IS X B Ui & KIS T Ol
fEp i (F7203 (Rl + BER) 12X 20D 12Xk o TH
EIND, KR, M3 IZAONG LRt EE -2 0%
U, BRI & o TN %= £ S b fluvial
erosion ICHA D TH 5. 22T, PLS HiZ DGR
% TR O 63 1 AT OSSR B O AL E 12 FE

T4 =k VHETESLTASL (M4). #HELLTE3X
SIZEIS N, JRETHY BEMASZ O X4 & 2 THE
Cl-onzHkcz s (£3). #HlzIiE, 200647 H 6 H
E9H2H, 20074 7H22HE8H 21 H, 200848 H
5HE8H 11 HomiHE Y — 27 IXBATH 7 M 12
E2HDT, ZDL EOREMIELEX IO R
M- MWHEARIDOLIITRENE, ZDLHIZ, 21—
I ot & B E (ZAUIAEE L 72 POC - PON
757 A) OEMIIBIT AREZELE ST 5121,
IR b B 5 DT, K To O Rl +
) oFi, BX OBk (FLEE+ EE) o
oA L, ORI TR B % iR
WY ALEND L.

4. ESUVS

Z ZTlE, PLS #iA TS 7z 2006~2008 40 6~9
Ao H Vi & HPE T w0 RN DWW T,
EE (1972) 12X s8> - BTV, BLXOEFIVEE
ENLHEONFEMII L > TENENEZFHIL, ki
AT & BEN I OF S % EmAICFHEiT %2 (Wada
etal, 2011). F7z, ZOFHHiA S, Fi#E T OGIEE H
50T 5.
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YKB ¥¢ Gauging Stati-on
®  Weather Station
5 Glacierlized Region
61 .
PLS
62
i A
10k
. A & . ®
I.  Reindeer River 17. Wonder Lake 33, Salcha 49.  Jatahmund Lake 60 63
2. Innoko Flats 18.  Seven Mile 34, Goodnasture 50.  Chisana
3. Stonev River 19. Hodzana 35. Renee 51. Mav Creek
4. Flat 20. Liveneood 36. Paxson 52, Rock River
5. Kaivuh 21. Chatanika 37. George Creek 53. Dawson
6. Poorman 22, Nenana 38. Birch Creek 54. Burwash
7. Kovukuk NWR 23. Gold King 39. Graphite Lake 55. Mavo
8. Cottonwood 24. New Lake 40.  Old Crow 56.  Carmacks
9. Farewell 25. Caribou Peak 41, Salmon Trout 57.  Haines Junction
10 Round Lake 26. Fairbanks 42, Bear Mtn. 58. Whitehorse
11 Hoeatza River 27. Vunzik Lake 43, Ben Creek 59. Teslin
12 Norutak Lake 28. Beaver 44, T Lake 60.  Juneau Rd
13 Kanuti NWR 29, Helmut Mountain 45, Tok River Vallev 61. Norman Wells
14 Lake Minchumina ~ 30.  Chalkvitsik 46. Eagle 62, Watson Lake
15 Wein Lake 31. Preacher Creek 47.  Chicken 63. Dease Lake
16 McKinlev River 32, Aneel Creek 48, Alcan Hwv MI-1244
4:PLS #b5 Lo L — I Vs & BT 5 63 BT OSSR BT O E, BLOITIZHED T 1 —
R & B XA
Figure 4 : Location of 63 weather stations in or around the Yukon River basin upstream of site PLS, and 63
subareas separated by the Thiessen method.
K3 PLSHTTCOY — 7 IbiiEa b 725 L72BEM OS5 E X 55387 7 & 2 O BRI - A=
Table 3 : Location, period and total amount of rainfalls which produced peak sediment loads at site
PLS. The location of rainfalls is shown by the subarea numbers in Fig. 4.
Location of rainfalls . . Total amount of rainfall
Year Date of the peaks Period of rainfalls
(subarea no.) (mm)
2006 6 July 44, 45, 47 and 48 21 - 26 June 5.2-11.8
2 September 30 and 31 16 - 18 August 9.1and 12.1
2007 22 July 55 and 56 30 June 16, 50
21 August 30 and 31 3 -5 August 5.3and 7.5
2008 5 August 38 to 41 18 - 20 July 8.7-14.4
11 August 21 to 26 30 - 31 July 8.9-17.8
4.1 BRT73E WHEOBESEFHELALFYES O EIK R E

H9, M4 D63 XK3HonT, £XGHIZBIT 5 RE
MRS HR ROz, %&b, PLS His Lk o il g
13, 8.41X10°km*THh 5. 63 XKoo, F5 17,
34-36, 50, 51, 54, 57 O 8 XFIHAVKINHEIH TH 5.
FHUNEORKR T — ¥ 1T H PSR L HEKET, Th
513K E D Western Region Climate Center (WRCC),
NOAA, USGS # & U871 F ¥ @ National Climate Data
and Information Archive (NCDIA) 647 > u— R L
7o, o, BEEE €7V (DEM) & Global 30 Arc
Second Elevation Data Set (GTOPO30) x##MH L, Zi
TNOXGHMOPERE2FIH L. Zok &, AR8l

—0.66C/100m %3#HH L, %X FH5iR% KD
72, 8 DO IR DWW T b RO SRR %
IR & RO T ENEN DT E KD
72, FHEOEEMIEIZOWTIE, KE Climate Source £t
BWOBEMIE S N7z 1961~1990 £ F¥ D 6 A 57— %
<~ 7% EREO DEM 24 Tids, SRIOFEN R E %
% 2006~2008 4E D 6~9 122\ T b [AkED & R F A
BB ENGE LT, KXOHC OB A 5 Kk Bk
&L 63 XA OFEEMEE RO 72
PLS #b5 BHISIE L2y > 7 - EFNVICBT 5,

527 O ETREZ K5 IRT. 21— 3 Vil off

—
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Figure 5 : Five sections compiled from the 63 subareas in Fig. 4 and the placement of
“permafrost tanks” and “glacial tank” with storage and discharge parameters. The glacial
tank was placed on four glacierized regions in Section 5 and a glacierized region in Section 1.

Permafrost Tanks

49

T2 THIE D51 (Brabets et al, 2000), %50 63 X4
W, BLOEKREORIGE I L TR % T
NOWFEREEZZE LT, M40 63X55H%E 550X
BIZHE L7z #EE e LT, Nob Xy )il &
o7z FEKIIIL, AEAFK AR AT A AT B R
WAL, F T, BEFEICWK L FRFEKORE
TRENEID D L. 22T, IPKMEIIH LTI, B
=Y 7 %52 C 9%RA#HLy 7" L L F72,
KIS UK CTRIZK & AR DIFRE 258 2 0 9 %
A, TITIEMHEDLD ks vt L LT—KY v
7 %5272 7B, Nol Kk Nob X2 KA 7E
L, TOZOOXIIIKNSY v 7, ZOZo%EGh4
TOXBUIAAR LY 7 % FiE L7z, %38, Nob Xk
WIET7 I AHWIRE T ¥ O VILEBHDSERE L, IKITiEAs 4
DORLELYGINGET S, ZD72®, Nob XKiiZizZ
NZENOIKFIFIZET 4 DD >~ 7 %l L7,

ZIT, KEEY VIG5 2 AMEE LTE, KIZK
KAMETRD 72 PR %2 b LI KT L o FiiiE
Gz 7 F70, FRGWTHE L N AEET D &1,
H X CTOREE S % B L PSR E kD7, o
i % AT, ATRINE V% (Hamon, 1963) 12X -
TS v 7o O EERFEHE Y RO 7.

6‘5( Ta)
T.+2732 (1)

PET=298-D-
Z 2T, PET WfezseHE (mm/day), D W HEREH
(hr), e HFHAR T.(C) TORFIKIAESE (kPa) T,
DEIZ KRG OFRE, BIllEOMRKE, B X OBk [z
JE 53k Twb (Dingman, 2002). (1) X THEHNS
PET %, S50 6 H~9 HO4GEHMES LT PETun
THETE, RONXNA 700, EEER=EOSGEHE
ETsn Dk F % (Dingman, 2002).
ETun' =W/l +W/PETWY] " @
ZZC, ETan' & PETan' (%, #NFNXK4 D i 7%EH
(1=1~63) DIXFIIZ BT 5 FEZAFERE & TR FEHL
BHO6~9 HAFMET, Wild, i FHOXGEIZBIT S
6~9 FOEETNETH L. D bhrs, HEHIL =
ETsum'/ PE Toun' %%, % [X5338042 2> "T 2006 47, 2007 4F,
2008 £ 6~9 HTOfL LTENTHAHRH S NG,
D afiNREFED6 H~9 AlcblzoT—EEIKET 5
&, (DR THABWRRZESHE PET i 6 HIFEZES
HEDFIHETE .
EERIE S N2 H PRI T, 2 A5 &, JKiisic
BT % H @12k PDDA (positive degree-day ap-
proach) O TRD B Z L AT E % (Braithwaite, 1995 ;
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Kido et al., 2007). 20000 . —
{A) Observed
M=TuXf (3) 16000 ‘
—_— T R N\
=T, MKE#EE (mm/day), fdegree-day fac- 'z 12000 : \
tor(mm/day/C) T#hb. 2Tl Kidoetal (2007) - Simulated i
gl -t o
DIV F NI BT HFERICEDE, f=7T.0%xRHL a Gitacial discharge
72 E7e, KT EOBBEEOFMEL, KITHA S O o P oD R
ﬁﬁ@%ﬂﬁgﬂ(@%%ﬂiﬂ*ﬁf %& 2 {) ) & L/f: X5 L:glz . G‘Iacier-n‘)eh diSC‘hZ\I‘gﬂ
IR O B BRI Z DOV T, FENICHIEEEETE S & 20000 :
L7, (B)
\ o 16000 -
¥y ®FIVTIR, KAELY V7 hSORME g ~ “"-“’?“"1\
(j=1~4:; m=1~5) (mm/s) LK & > 7 06 DS i 12000 E% P’{:\_ﬁ/’;\ |
g (mm/s) 1%, %% > 7 OFMILOKFEIZILGT2 (14 2 w00 X Glacial discharge %\:/
8 Simulated
5). §¥0 8T A—H a(j=1~4), bym(i=1, 2) 2 " % —/
4000 it .
m — 1~ —~ m U\ 0) i
d‘bk <k I 3> ’ hpl <Z ! 3> % J: dg /T /P-‘ Glacier-melt discharge h'%'=--E[:
W, 2006 4E 6~9 HoNA Fa 75 7IZR_A b - 0 ! ! !
74y T AERICHSE S (BE, calibration) Eilk 20000 i —
2007 4 & 2008 4 6~9 HONA Fu 75 7| Z#H L7e oo L1 Simulated
(Be3E, validation). F 72, &Ry » 7o 5 PLS Z \\ m«fﬁ ¥
. 3 12000 PSR »
AR EIC\W 25 F TORBERMIZ—ZEE L7 2 VAl e
iR ORI BHT 5 720, L0 g oo i e
MR R & LKy v 7 6 Ol E Q. (m?/s) 1000 Wi
o . e e
( = Fﬁﬂﬁ# i+ [gél:ﬁ(}:ﬁ K':El> ﬁ LTAXTH @Z Lgcal Cngb . F;g"’#ézcicr-melldiﬁchurgc i R T
TRTIELETDH, TIT, Lea (TET VI X ZIKI 622 7 T2 7 ML L 821 8B1 90 920 950
06Ot HE (kg/s), a, 0 MEEEHTH L. 4B, 6 : PLS 04 K127 5 71k 2 B R & GHss
PLS #1212 515 % 6~9 O LB IR — 2 0% < RO, 5 & OFHE S 0K B 0 4 & ki i
e _ e . . _ Jit. (A)2006 4, (B)2007 4, (C)2008 4.
&, LITCORPTE BRI & - TR L, i Figure 6 : Comparison between observed and simulated
(2 & o T EHEREY) 23R £ & 1L 5 fluvial erosion 12 hydrographs, and calculated glacial discharge and glacier-
. It disch . (A) 2006, (B) 2007, (C) 2008.
EoTHELB I ERbhoTRE (83, cokn, o dshaEe (Y
T4 PLS HLE D 2006 N4 RO 7T 7R L CHEBENZF 7 - 3T A =%,
Table 4 : Tank parameters applied for the simulation of the 2006 hydrograph at site PLS.
Permafrost tanks Glacial tank
. Section  Sectionl SectionZ Section3 Sectiond Section5 Sectionl Section5-1 Section 5-2 Section 5-3 Section 54
parameters m=1 m=2 m=3 m=4 m=5 m=1 m=2 m=3 m=4 m=5
ap (h) 1.85x10° 8.42x10* 1.45%x10° 3.39x10* 6.64x10"* 4.36x10° 4.72x10° 3.06x10° 3.71x10% 2.99x10°
a2 (h) 1.85x10% 1.44%x10* 1.45x103 1.95%x10% 6.64x10* 0 0 0 0 0
a3 (h?) 5.90x10% 6.9x10% 3.70x10% 3.39x10% 6.64x10* 0 0 0 0 0
ap (h) 1.84x10% 8.72x10* 9.38x10* 9.51x10* 3.39x10* 0 0 0 0 0
by (hh) 4.40x10% 1.14x10° 1.45x10% 1.99x103 1.99%x10% 0 0 0 0 0
bpz (hh) 0.14 6.2x10% 1.45x10* 4.93x10% 4.93x103 0 0 0 0 0
hp (mm) 14.5 1 1 0 0 0 0 0 0 0
hype (mm) 13.8 4 3.76 4 4 0 0 0 0 0
hp3 (mm) 0.245 0 1 0 0 0 0 0 0 0
dn (mm) 10.5 0.6 10.6 0.6 0.6 100 100 100 100 100
dp> (mm) 15.5 20.0 20.0 20.0 20.0 0 0 0 0 0
dps (mm) 40.4 50.4 50.4 40.4 40.4 0 0 0 0 0

Area (km?) 2.2x10°  1.75x10° 8.3x10* 1.22x10° 2.31x10° 3.8x10® 2.12x10° 1.00x10° 9.74x10° 1.42x10%
Delay (day) 23 17 15 11 4 21 14 12 13 12
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=51 2006~2008 AEE D PLS # A N1 275 71239 A RHEAG AR & B R & OMHBIREL » & 3RS RMSE.
BRSNS v 7 b O OFIHE & 5B L OTFERFER R DR SN TV D,

Table 5 : Simulated results for the 2006, 2007 and 2008 hydrographs at site PLS. Discharges averaged over the simulated time
periods are shown. The glacial discharge is the sum of glacier-melt discharge and rainfall discharge.

Year r RMSE (m3/s) Discharge (m3/s) gg fiilztl;iisfr(o rrrg z}lg Cong;lzﬁglfgeof(ygo l)a clal - Glacier Erlf;tsfil;scharge
2006 0.94 753 12,350 3,088 26.1 2,717
2007  0.88 1,127 10,870 3,879 37.5 3,652
2008  0.93 1,324 11,510 2,414 21.7 1,976

FR6:ZKIMY > 705 DFHE Qe DT L=aQ> \2BI1T 5 a DRHEAE.
bfEIX1.9 (—E) THs.

Table 6 : @ values in the power function, L = aQy", applied to the discharges from
the five glacial tanks in Sections 1 and 5. The other coefficient, b, is constant at
1.9.

Year Section 1 Section 5-1 Section 5-2 Section 5-3 Section 5-4

2006, 2008 0.001748  0.002093  0.003733 ~ 0.003215  0.002383
2007 0.001156  0.001283  0.002936  0.001993  0.001510
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Figure 8 : Comparison between observed and recalculated
SSC variations. (A) 2006, (B) 2007, (C) 2008.
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How does the Amur River discharge flow over the northwestern continental
shelf in the Sea of Okhotsk?

Ayumi Manome', Humio Mitsudera?® Jia Wang® and Masaaki Wakatsuchi*

The paths of the Amur River discharge on the continental shelf in the Sea of Okhotsk are still unknown despite
their significance in transporting dissolved and particulate iron. In this study, we conduct a coupled ice-ocean
simulation for the northern Sea of Okhotsk from June 1998 to September 2000 to answer the question: Does the Amur
River discharge deposit materials to the pathway of the dense shelf water? In a series of numerical experiments, we
identified two routes (the western and eastern routes) that could transport the river water more than 100 km offshore
over the northwestern continental shelf. The two routes share the clockwise gyre in the Sakhalin Gulf and the
northeastward flow on the northwestern continental shelf. These features are connected through the westward jet
along the slope from the Sakhalin Gulf (the western route) and the northward transport over the shelf break canyon
(the eastern route). The river water, the dense shelf water, and the easterly wind are in a fine geophysical balance for
those features, and all are required for the formation of the two routes. The model results show that these unique
joint effects in the Sea of Okhotsk allow the Amur River discharge to be effectively transported over the northwestern
continental shelf, unlike a general river discharge that flows along the coast, and deposit materials into the pathway of
the dense shelf water.
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1. BR

T A= VINEZEOYKE & QITWHEE FF—2 7 i
~EET A BT, BRI REEISRT R R L DT,
T A= WG IR 2> & A ks — 2 7 i~ R S B B O
=D TH5H. AWKFEHEHET IO F R —> 7 iEh
JE 7k & VOSSR G BR OO W R R B O Ak &Rk
PHEFR S LT 2 (Tsuda et al, 2003 ; Nishioka et al,
2007). TS DHEKO IR A K — v 7 i REA
25T &h 5 (Matsudaetal, 2009), EiEOFKO
B A A=y 7RSS 5, W) IRHEZN TS 2
EWTED.

AFEDTR)THROEDEY A= L BFERILT K —
V7 WRE R EH L, LG RT3 7 ik AL E & R
% (Sasajima et al, 2010 : Nihashiet al, 2011). #EkA:
PR, ZEOT T4 Y (EIRGK) PEL L. ik
TEIEGTHDLT T4 VITEBETHY), ZoL) 12k
WIS DMK FE 2P > THIE SN D56, ERERANK
(Dense Shelf Water, LI DSW) &IEI5. DSW X
REMBSG 20 O BN I AAAR, T DL R Z DI 0 HE
FEWAELD A F L (ZO8IET 2 — VLA b %
FbH o), RO TIKPEBRBMEN LGNS, 8
SR 7T 27 b ORERI L o TUHDORKEY T
HAH70, TOL ) e ERIEHE K OV AT i g
IBULEPLEY AT AL > THEICEETH L.

—Ji T, T o= VIR HIK & BRI HERE L 228k oo B
FRIZREAHECTH L. 70— VNI EKTHER I
7oL B OERES, RTSOBEEREETHD LIRS
%—7JiT (Nakatsuka et al, 2010 ; Nishioka et al., 2013),
COWFNIIRE LA . 7 A= VKL
PEREMIE F Cha &, EEREOWE % DSW ORI HER
TLIENTELON? L VIHMETHL. 7 o=V
WA 5 DSW Ol E T 100 km Ml EH 5. #EIEH
AR TIE, REEOWIIKILEEREZ RN, ZOE
o 2 ¥ —NEEE £ (4-8 km, Kawaguchi and
Mitsudera, 2009) DA — )V z2$>. SDF Y, Hifliz
NIKGEH OT17TIE, WIKICE 172858 DSW DifF
HICEEST LI ERFATERVOTHL., 7T H— V]I
T B Lk (M o@EfE) 2 DSW 12 L %
HROSKEEE (3T S A O AR TR HERE S /e
k) 1L TEENENRHEINTETWE )
(Nishioka et al., 2013 ; Onishi et al, 2012), 215 =20
AR Z O 70 VT B BRI ER I S AEM LA b Do
T\,

AKifFgeTix, WEHEREIZHEH T 4. Uehara et al

(2012) 1 3BEH 7 — Z I D EE 2 LW TTT & —
IR 2 6 AR VE B 200 TR 33288 25 - Ty
HI Lz, E7z, —RICEST IV — L LIRERRE
707 4 VBRI 2 @IS 575, FABIHIC
£ B EFHHIT A — VI 8 & AL TR REMNEL C w7
Ou 7 14 )VHHERR ST % (Nakatsuka et al., 2010 ;
Isada et al, 2013). 2D Z &7 & — VI HIK AT
WA EGRNICHRT 2 2 L2 )BT T 7 b oo
WEZHFFL TWAZ L ERIET L. INHIIEDTE,
WEERY 22 T 22 & [ 7 20— VI R 2SRRI, 2 L C
DSW D1 E %ﬁm_b 5] EWV)IREEETA.
C DIRHOMREZIE, 117K % DSW OFEEE~ET % B
i XAl N &737‘ ETH 5.

—OHERL L TCEZOLNLDIE, WO THERZIND
WOERTH 2D, BN VB TR O L
LIRS T % (Abrosimova et al., 2009 ; Zhabin
et al, 2010). Z DEIXA KA T V¥V PFAZE T
MHICHNLDERFEE, WIKEZENIZE EOTWS
L LSRRI NIZiOY A Xid 100 km & ) %)/J\
&< (Fig. 5, Abrosimova et al, 2009), AR THJIIZK
% DSW OFEANIGETE 228 TH L. WD F /-
BRI & L ORI BERTH S, Egolbn &
O T 7 < k2 &) EKE oMK %2 L@l odb
PEREMIEICER A LD 5. SHI20 ) —DFEXZLNLD
X, DSW IZfE) BB CTH 5. JLVHBEEME ClZiRE
RS DSW 25T A aA te & &2 X 0 5RO K % BE4) it
BHEL L. T VOB E 7 T > MIRER O
BRI D ERVORNLNEAE LS, R TOM#EL ¥
LHET S L, EETIIRENWTEEEMNZ I/ S0
NAE L 5. bkt ¢, FRcdbim & o’
HELLZEIIRA.

ARWFFETIX, WO WEIK-EER &
YEATV, INSOERDT L — VIR HKOEHEIZ E
DEHNZEHBS D02 HWET 5.

vIial—T3

2. EFIL

HEK-HE RS A€ 7V 1E, Fujisaki and Oey (2011) T
FEE N FH{L & 417 Princeton Ocean Model % i v»
%, [FETWVANZHIKIIF - BIIFET VDG SN T
W5, ifEk))5E 77V IE Hunke and Duckowicz (1997)
27 S WK L o U —F M L, dokEghse T

JIEEE—KRITTE TNV = T % (Parkinson and
Washington, 1979). #WHEETIVIZ T 2714 7 HER
IZHEDC3RITLETIVE, SERAIZIE 2.5 LAIVELG
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Figure 1 : Computational domain of the northern Sea of Okhotsk. The isobaths of 50 m, 100
m, 200 m, 500 m, and 1000 m depths are shown. A: Sakhalin Gulf. B: The shelfbreak canyon.
NWCS: The northwestern continental shelf. The arrow shows the point of Amur River
discharge. Red line denotes the section shown in Figs. 6 and 8.

7 u— % 7))V (Mellor and Yamada, 1982) % i L,
F 3 RS2 Craig and Banner (1994) Ok € 7 )V
AT A, AKPHEENC X Smagorinsky 7 A4 7 O iRk
e T 5.

FHAESHIEIE A R = 7T, LIRS, KF
K& A4 RNZACTE MR 55 & 7 & — VI 8T 1
km, & L CHM, BRGS0 > TRIZATIZHER
T5. SREHMICIZ40EEERL, BEIIIEE3E
FTIE1Im CTHE%E, 2L DFEVES TIHES IS LT
BWEICHET L (20 BIE). EIOMFBERL %o TH
D, TR RS Fujisakietal. (2011) % F—
ZEENE TV R L, KIRIES OB RS
World Ocean Atlas ® H il 5Bz fH$ 5. E7 V)
412 Fujisakiet al. (2011) OiEHEEMHHT 2. 5
HARIE 1998 4E 6 H2*5 200049 HETTH Y, ET IV
il 9 2 K& D7 — 212133 —a v R R A T
% — (ECMWF) |Z& % 40 EH A 2 i3 5.
[/ 77— Z XS 1.125°, 6 BEMHIFE T 2 m A
i, WAL, 10m mEEE, 2m &R, 2ERE
MekED S b, BKEDHRKEMIGE 2.5 7 — 5 %
L7 BRESEEKTEDLDN TV LG Z KR E
World Ocean Atlas ® H jll5UEMEICHEAT 5. X2 1>
Sal—vary MY AT LA VIRHEEZRY. 2
DT =FET L=k —yr7ad s+ (http//
www.chikyu.acjp/AMORE/en08/index.html) 7> 5 $24it
EN7bDOTHS.
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Figure 2 : Observed Amur River discharge provided by the
Amur Okhotsk project (http://www.chikyu.ac.jp/AMORE/
en08/index.html).
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Figure 3 : Simulated annual ice production from November 1999 to March 2000. Table 1
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lists ice production over the domain, Region 1 and 2.

L=V O % ZM0E LR, ik, EE L EET
X, ML AERE T Ty 7 APk Lz HAZE
HEXOE LTLTE ) & EBWHN X B MpKEEN»ITD
N o TLE) 72O, BHTOERT Ty 7 ALK
7Ty 7 AL T ERERObDEHIzR T D
7o CJEAE LT EBRTIIEKE T VT AT, kg
X D DSW OEFENROANERINL. 5% 5
ETNB L OBEEBREOFEANIIOWTIE, Fujisaki et al.
(2014) AR Niz.

3. BREER

3.1 EKEES DSW O£

C T HERET EEEROMKEER & DSW AR
WZOWTEIHFT— 5 2R BEDOMRICLLRED Y LDkt
BAEAT .

X 3 1% 1999 4E 2 & 2000 4E 222 F T OLDFEH MK E
AT, WKAEIZIGEIR RS TIEE TH L 2 LS
bird. ZIUTTN) T HEOFEEIER T ENDOD
bHKEZ AN LD, RN =Y L Ebhbifpk
RS P AGRKINEZ/EY BT 720 THh L. K2
IRE RV, 1998 £E4 5 2000 4RI AT T DL DIEE
KAEERTHE L L) 2EEDSAL N

F 113X 3 1 Region 1, 2 2B % kAR % 7R
. IS OFEBUI AT A BN IS Ok ER O R
b V) %4757z Nihashi et al. (2009) 12X % EF & FIET
4. AevuEEME, (Region 1) (2B1F A KA FE w13 dbH0

T AR —Y rEKEEREDOY I 2L — g YRR [10°
km?]. 31ZB1F % Region 1, Region 2128115 12 An 5
3 A F COBSHAAERT

Table 1 : Simulated volumetric ice production in the Sea of
Okhotsk [10° km?]. Cumulative value from December to
March. Region 1 and Region 2 are shown in Figure 3.

Experiment 1998-1999 1999-2000

Standard Total 1.25 1.14
Region 1 0.32 0.26
Region 2 0.16 0.13

No Amur Total 1.18 1.03
Region 1 0.34 0.27
Region 2 0.16 0.12

FEiisi (Region 2) I2BIFAZEN LD L. Tt
Nihashietal. (2009) (2& 2 REDL Y &H—FH LT\ 5.
— TS DRFED D1 2002 4E205 2005 FED 3 ¥ — X
> O TILVEEREEMIZIZ BT 0.47 X 10° km?®,  dLER
BEMIIC B WT 0.21x10°km* TH 5. FEAF% 57
O, HAIZHEBIZTE WA, KWL Tr5 &35 1998
D5 200080 2 ¥ — A VIR L EATH - 72 blT
T 7 {, F72 Nihashietal (2009) TR Hbisz —
v DH B 2003 FA 5 2004 4EI2AF TIEBESS, 2004 4F
5 2005 A AT TUZMEKIR A & P4 2 B 12T
AloTwiZl (BF KT 79 A b, THh—
7 g O YK I AR O SEBIAR#E [ http://www.data.jma.
go. jp/gmd/kaiyou/db/seaice/okhotsk/okhotsk_annual.
html) ZZE S 5 &, R THE L N2 EKEES L
Nihashi et al. (2009) Ofi & DBV EFZ 5. 2O
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Figure 4 : Time series of salinity and potential temperature at the bottom of the two locations shown in Fig. 1. Left: Model
results. Right: Observation results cited from Shcherbina et al. (2004). Shading shows the ice-covered period at the inshore
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Figure 5 : Salinity and velocity fields at 10 m depth. Monthly mean from the
“standard” experiment. Vectors with speed less than 0.03 m/s are not shown. Red
arrows in May and July indicate the clockwise gyre in the Sakhalin Gulf.
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Fig. 1). Monthly means from “standard” experiment. Solid contour denotes eastward
flow and dashed contour denotes westward flow.
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Figure 7 : Salinity and velocity fields at 10 m depth. Monthly
mean through July 1999. Model results from (a) “no Amur”,
(b) “no wind”, and (c¢) “no DSW” experiments.
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Figure 8 : Vertical section of salinity and zonal velocity [cm/s]
along 140.5 E (red line in Fig. 1). Monthly mean through July
1999. Model results from (a) “no Amur”, (b) “no wind”, and
(c) “no DSW” experiments. Solid contour denotes eastward
flow and dashed contour denotes westward flow.
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Amur River
discharge
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Figure 9 : Schematic diagram of the routes for the Amur River discharge to be transported over
the northwestern continental shelf. Western route: 4. Clockwise gyre — 3. Westward jet — 1.
Northwestward flow. Eastern route: 4. Clockwise gyre — 2. Northward transport — 1.
Northwestward flow. Blue lines denote the paths for the river water, and red lines denote the DSW
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transport.
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A numerical model for the marginal seas
Shinichiro Kida'

This manuscript reviews current methods, knowledge, and progress of numerical models for the marginal seas.
Marginal seas cover areas that are larger than a coastal scale but smaller than a basin scale. It is a region where
dynamics occurring in both scales interact, under the influence of detailed structures in bottom topography and
coastlines, which often requires high spatial resolution models to resolve. Two aspects are raised, where numerical
models of marginal seas could improve, straits exchange flows and river outflows. The dynamics of the straits
exchange flows that occur between marginal seas and open ocean are first discussed, with a focus on the overturning
circulation. The importance of resolving realistic western boundary currents is then discussed based on the
framework of the island integral constraint. This framework becomes especially important when the straits that
connect the marginal seas and open ocean are narrow. Lastly, a new approach for modeling river inflows and ocean
circulation simultaneously is introduced. The use of a layer model is shown to successfully capture the water flow
from land to the ocean during extreme precipitation events.

X —7— R FEEEE TV - WSS - wIRE - T AF 27 ) — iR
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YD TRl ) b, KAD T[] LlED
[BR] oL, JEho [HMI] TR o X9 ZArED
M Ed BL ML L7200 THL. HlZITK
HCEY =y MRILOAMI & NI AR E & s 2 Y 5
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1 (@ RAKIEBROBA. QLR S, (mve), iR
AT ST 5D, (b) WEERIGER ORIX, W& 278
BEY S & LT v % (Adapted from Fig 3.1 of Open
University, 2001).

Figure 1 : (a) A schematic of the general atmospheric
circulation. Notice the bands of trade winds, westerlies, and
polar easterlies. (b)A schematic of the general oceanic
circulation. Notice the closed loops in oceanic basins(Adapted
from Fig. 3.1 of Open University, 2001).

13, REAOHETIHEEZE 1I5° 1T EDEW L2747 WEREE
B L TWaDS, MEOHN2r O /RS L kE & Lo &
HCKRELEIBRBIHEATVRDL LV ZLIZRLZDT
Hb.
WEORFIISCTE Y [HiE] &IN5 AT
LTHH (H1b), SLEBRRERE M) & 2 OlEhiE
FEORD THMI] BT 205, BARRBEZE &
A=y 7 HARME - Wi, I—a v XFERE
Wy =il - Mg SRR OREF LV LS.
BZ O L ZOBMIMIAHLT B &) BAEEITRGUIE %
WO TR BR\NES ) H #RIDE LR O 5 & ShEAE
ZOEAEHSTEBY, EEORKKNY - flik, &
RER, WEOBEWIIRLH T KREZ#E T, F3Z0MH%
Wb A Z &b, Z LT [EOER] b7
PR HNLFD BN CEBE T EROL, ShEANE
BACHMT A LR b, WISRFBHIIVETRRE T
WL IEFERIGROLE 2 BEIHIR 2 21 H b4 - Tw
B, DU AR - EKHIE IS X o THRED S
PPN 2R BT SN TV 5 H 0%, ik KR
WICHE & 2 HEZK D2cH % i 1 CHMEMG BRI 0 v D BB

Wb Z L7632 82k b,

1.1 BZBOMEETILOERIK

frallifpld, PRI MHR OB ER TH 5 L FIFFIZ AR O
AT 2 TLH L7720, TOHEETIVIZH
FER MR OZAL - BB Z FHIT 52 LAk 5T
% (e.g, JCOPE2: Miyazawa et al, 2009). TidfzxLiED
BIEETVEREET L ETREDIT A REFLIIMMES
I/

INFE THRAHETHW ST E 25T T VIIAER
BEREFVEZHEHBETHVLZ I ICLEZb 0D (eg,
COCO; Matsuda et al, 2009), ifvEE 7V OFHEHI %
K (eg, FRA-ROMS: http://fm.dcaffrc.gojp) L7z b
DTHbD. JNERIEERET IV A HVTEEK - WA r—
V& & bR R A, Rl e TR &
LMIIIET VTR L2k D, ZOWE, N
WL L7eTF 2 —= 0 73 LIS KR Y, BRELT
€7V OB SHERR TE 5 &) FRATES.
UL, @RCOEIIEERREELS CIHEL, Mird
T CEIMMEBRDLEI 7 o 2B, BIZE L 0FMER
BREL D, 2070, L) FEEOREVEEE T
VEREEST L HDBENTHS . KL LTUIIER
TEERET VDL IIFIRET NV E L THW BB LEE R
BHSRR M ORETFECEELA T a v &2z Th
W2 N DHIT S NS (MOMS Griffies et al, 2008;
HYCOM; Bleck, 2002). & 7z%tm & & v o 72 &K %
L ERABHICHBIN TV R WO, I - HBEER
B - BEEAOIRK (wet & dry) 7 ERFNHETR 2 5 £k
LWHBEIHARAE N TR WEELSE L, BEfhE
DHROBBNWEIIA L SR L . FHERIEERE TV % %
WHAZHV BT, B FTHIRWVINE & AR YHLE
BMOBAETIRETVL L VWIED D LITHWTW
52 EERICLTBLLEDND .

REE TV & Tl € 7 ) 2 33 2354,
IEBE RS DR E T ECEE A Ty a Yy SHESN
TWwWhbEwn) 2y v23% 5 (e.g, ROMS: Shchepetkin
and McWilliams, 2005). Z Ui € 7V A EIEE 7
WELTRRBELTELZOTHY, SHARWHIRIH
HAFNTNDZ EDHE L, T % g R % 1
HWCELIFHERTICORIC L TWDL 2 NS n. 272
NREETVIEEIK - RIS OO ICHEINTI 2
Molztz, BEAT— VTGS, - oW
FHZ & o THMASKRECFTNTL £ WREMED = <
HVERIEBRE T VICHARTE N EETLLEDNH L. &
FWwz, 2010 FETHRERIERE TV HInEET VD
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TN A 7 — VCEBI§ 29 2, Bz 72
E, B BEWEDSHED L —HMRTIIu R WHR T
%6 Z DM B K RE ERKOFHED ZEZ 55

. AT AV L ELiEO%»Y ] & [l @
_O®T—7LMOTﬁL@%TU/7@%m b 72
v,

2. BulBOERNET IV

faiE L ANE L OB HIFELE T L ICRE (R
b, AAKFEOYE, HOilEDL IZHMWIZH 5. +
A= 7 #EE 1000 m FEE L A0 km BOWEDH 5 7 ) v
FROENE &S VR DRV TRFFE LN ->TH
D, B R REEMR 2 5512 1000 km VL R I2hH725C
KFFELEN>TWD (M2a). LREEOHEE, ##%
WA D H 5. #HP L 300 m B < 20 km
DEEL D72 WY 7 50V 7 Vg CRIaE L s T
BY, IV I -5 F—=Aay TR
W 228 100 km 1272 o> TR L EAT > T D
(41 2b).

ity & AN & B QU LRI 7 & DT H %10 km
&L 272 ED B\, FBHEE T VRO AL
METE S L9 10km LT OKFAFGEEIZH D 2 &
MLFE L. ZOZEMIEBEL 4 HORERKE TIX
FEHWEETHAH. £ThE, RIZRIZTREZ LI
Wil % o U 72 $RIEAGER, 2 L COKTFIRER I X 2 ik sci
DOHBETH 5.

2.1 NFEEDIMEBROBIRM
WD & T CIEmNASII % 2 s L T\w b
DL, BBWHAFENKE D BB o 7oA
FRE T HINENE TN TS (K3). 2Dk
7 f% 1 1 Dilution basin & X1 % (Tomzcak and
Godfrey, 2003). #|Z#AMEAE VK E D DEIEL
EILHEIED T8 TRalifE 2 BAREN LRI T b
Z D X 9 %L Concentration basin & FEIZIL 5.
TR THENTHT 2B KITREE TR E 20, BE

Atlannc Ocem

Glbrol’ror -«
Strait /

2 ()KL 2ol () LRI L Okl BEIEH; 7L —CTa v ¥ —I3KE

250, 500, 750, 1000 m. Based on ETOPOL.

Figure 2 : (Left) North Pacific and its marginal seas. (Right) North Atlantic and its marginal seas.
Lands are in gray and the contours are drawn for 250, 500, 750 and 1000 m depths. Based on

ETOPOL.
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Precipitation > Evaporation

Vv

Precipitation < Evaporation
Heat loss

3 (a)Dilution basin. #EBED T H SAVEDKEAY, Ep
5 gD KA T b, (b)Concentration basin.  #: Ik
ERBAEDKEAY, T OB iEOKN TN D

Figure 3 : (a) A schematic of a dilution basin. Oceanic water
enters the marginal sea near the bottom and marginal sea
water exits above. (b) A schematic of a concentration basin.
Oceanic water enters the marginal near the surface and
marginal sea water exits below.

TEBROERBHEO—D L 2 5 D72%, BEETIVTORY
PEFEICHELVWHRTHL Z LM OHN TS (Legg
etal, 2006). &Ik - AR T —VET N TIIZ ORI
1357 L < 7% <, JRRNEERIEE G AS KA & BELT T % B
WBFEICIRELTCLE ) 720 Th A, FrIZHEHHD = i
HO L) ICEHT 5 2 BEEF VTR ZRED 5
JEWS, ANERGIREDE X TLEWHIMESE . K
1¢L@ﬁ¢fgﬁfj§i)‘lﬁj”ﬂ LA, FEEEIE 1000 m
DR ELFHAZ F2BRD7-0, EEMEMREEL 2
KETEDLLEN DY, FHENLTFETH L. FE
FHROFHLEICE LT, z &% 5L (Danabasoglu
etal, 2012) |2~ EHEIZE 7)Y GOLD (Winton et al,
2013) N4 71 v FRIE T )L HYCOM (Xu et al, 2007)
DFWHRBE TR LTS

2.2 AFRFROBIRM

D AV O KPR B & FEBLS 2 121370 R 5L
DOFBEDPIEFEICKITH L. Lo LiliEBIANGEFE 2% 74
PR SR E 7OV CHEMICHIAT 2 Z L W
BHE D720, RIS X9 il D € 7V % i
""TT%I’" I OBEBRMELHER L T LEDND

- VIR & B A & TH REEE SRR O B AR & (D 2 Py B
i@ﬁbi, INFETOLIAA Y FAD Tl H AR
T O TFIFHENC BT Island Rule & M-E L % HEGG
WEDIRRFIRIZEE 2 5N Tw5 (K 4a, Minato and
Kimura, 1979; Godfrey, 1989; Tsujino et al, 2008). Z @

Fld I % [0 2 G Y B O EH TR AV LD IS O

Clrculahon

" driven by
the WBC Il Wind diive

-----*l--l.

(b)

‘llllll

(@)L L7 Eh A OEEYs.  (b) Rl
lll;%?)‘% 534 OWEERYs (Adapted from Kida and Qiu, 2015).
Figure 4 : A schematic of the oceanic circulation (a)when
there is an isolated island and (b)when an island is located
close to a peninsula with narrow straits. (Adapted from Kida
and Qiu, 2015).

SESATHRESL, LWV LDTHL. FIVE »OIEE
EH T HWCEPNHGHT, Ul o TEIZH?S
BRI OFEEIZE T2 % 5 & v ) IR EFICER DN T
Wo DF)BODHLESIERNY) OIS H L LT
% & [EAWERHE Y (2AER] L awv X ) IZE 0RO
TR ) ORIDEL D, L) T ETHS.
Island Rule 3 GO R FEDWHREHF TR DA T I DINT »
A7 ENB T E R EL TV D

Island Rule (& #EO HIZIR L CTHIET B A 7 —
)D@%% HE L72HER O 720, a0 & T O/

HITEX LM TIE RV, B2 IXE A= 7 il—KF
‘(if'ﬁ'ﬂ@ LB E L, Do RICHRE N L @
U7 KRB D X 9 2B A 12134 # Y TH 4. Ohshima
et al. (2010) % TIsland Rule 2SEMITEEICKT LT 1 4 —
F—RELREMboTLE) ZEETRML VA, I
WEEAVNES L, PORBICE > THRENIEEDS D LK
PLTIE, BIZ20 5 BEEEI N Bih BT { AR5
OS2 @58 5 BRI AE L A b OO LI 72
LH05THADH (Kidaand Qiu, 2013). 2 F 1 Island Rule
DEH [VEREEFGLZT] TR 2 BRI O S
iz ¥l 9 20 TR NEkTomn] & [THEE
R Lo Tl E910%5. 29 %bEODH
MEBEWIE KIS 2 £ 91220, OO
B & o CHREBRFURPERE 2 2 Ll3b0 5. FLilE
EANED IR & o TROEFR T LT D IEFE
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P72 T L B2 SN T L AT EERROFBME D
HELZDOTHD. 20 [ L] OEZEMRITKEND X H
LHESIMb L EFEICEHFL L) THAS (Yang et al,
2015).

3. BN SiBNDKIBERE

3.1 lllKDFRA

TN EED & i & RKDSTEN A B G7208 (K5), i
AR TR DRAKO T & i, #WiRe, Wi
IR TR LM E L Cwba 2 e s Ttng, M
B U7zKiE, WEIEOW R % RIS E R & IR A
WX TIIAKICEY A F N, BOHwANLmihs, o
DL ) BRIIBRITTAF 2 7) —HER LI, T
T T B WK R & B S AL T & 72 IERR O iK% il
b3 2 &% b0, it U7z 7K 8 C i
KW AATZZDL, JLFEk % HEZ AT 085
iR o THEA, W7 2— 42T 5 (Hetland,
2005). ARG D720, FDHED R 2L A5
CFHONE %5, REZIHIT L2 LT, WKl
AL 720 (Nghiem et al, 2014), #Ek D4 A
B L2532 812 b (Alkire et al, 2015).

W1 % #5507V O CHEMICEIT 5121389
Lzb X wozs)yh? SERERET VDS I3
PR OIS 2 455 55 Mass & L CGRHIOO 7 ) v K
WCIRAKRE BT 2L TRILCE KHHER R EC
BE 5 T 72O IIFREERIZ NS W LR,
N X B EES O 7 F VAT ER LT D
ZEN—HZEAH . L LENLLEIANE O Tk &
BFEIK - NG A DOFEER E L TR ) % 4

TESBEENEFM L T2 e b RERBHTIEZ
W25 9 H (eg, OFES; Masumoto et al., 2003). #1itE
R ABEEISERT 5 2 & THIOREIE T IV OHIZ
BEICHAAEFNTVLDTH S,

REET IV OZ ATID S IR AT Kk %
WHEFMEE LCRBEL &, MOTREZ AWMLY D
DM BT BN T 2 — AR WIS 51213875 <
CNTHEEAS. LHLZoEBRTFEICIZMESS
DB D, DL OITMEPMHEEER & 2 ) W) % 55
ERBEMEICRET D > THRDTLF 9 720, WEOAE Tl
CHMNIREWAROMENEAAMAECE R 2B I LT
HbH. bH)VOEDTNORNSGFHHRT 2 L2132 A
SBMETL > TEBT A ENS NI ETHS. KB
N EGE H E TRV 2 27 T b 7205
Wi =R AN MCRESEAGEIN WA, HARIZ
BB XD REWERIL 2 2 S ERT T 2o AUIEH
DAXRY FTHL. 2F ) HEBEMETIZHARDOWO X
HIZEARETEROD L ISR X 5 AWML HEDOZEIZ
LN, TNTRIGEMEO#ER % FHH - 7
WS 27201 R T4 Th Y, Zol#EZ L 2 I
ST HWE LTORE SN2, il 7 —
FEHAVEE L THRBBMIIZ O AFTEL0h0 L
s, HURNBEBSI T B2 6 (N H 5.

BLER ) & #3007V O h THBT 5121, ®
(0 B O & RO TR BEAY I FEE 23R T
CTEPRAINTHL. b LERTFHETLLEDN S D
= AT AR % KD B (I E TV & il Ak
CLUAMERB IR\ 725 9.

S ...4... J—

7 7277

BEAF a2 —
fla IR

5 BED S HEANOKIEBEROBAMX (Blue Earth #1355 X 1)),
Figure 5 : A schematic of the hydrological cycle from land to the ocean (Adapted

from Blue Earth Vol. 135).
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3.2 JAIBFEEESETIV

FNET VLI NE TRILFOFE THRZES L, B
PHIMOE TOKDOTENE /BT 5 2 & Tk EDbl
KEMAERMLT 2=V E LTRELBEFZTTE
72, 2 L CZOBAFDOMNIET VA HEE T VICEITL
E & HEEDOBEN S BT VIPBETE L L)1
B2, LALRARIEIZCOKE (#:6) FiEICE
BOPDN—FURHY, DORELHREIFE>TLE
ADTHD. FITUFEFEDO AT TINS ZFIFRET
5.

—DOHD/N— FVIEANIET VA L IKITTET IV TH 5
EwHZEThLH MEEdZbML TR, 20t
Bex & CIEMICIRZ ) &35 8 1 RICTHL 1T ) HRhE
A F 72 IHIEIER O & 912 2 RITHIZIL AT -
TWhEiTwz, Z22IN5KIFIITHRE - HMIC
WNTEY, 1RICET NV EER L T LT TS
FKHTED, WL CHEETFTNVIE3IKICETIVTH DT
O, WIETNEHEET TV EEET HIEmIET L
THEDPNT WD LIRICOTLAZ I T T 3 IRTe~EHR
FTAHIEEDES . 2 TRNOKTF - SREREEICRISH
LoDIERMAMAAE T L2 Y), WHIIZEKE
W2l 5.

TOHDN— FVIETIETF VDL L HS—2 D 12 H
HEHTTHEINTHEZETH L, I LI
WhH Y, BT — & 2 EIREN ATy ) 7L -3
YEML TS, DFD)—DDMIIETIVEINRT A—F
REEMELCELOMINIAED, L) ==
BREFITCIRZVWOTH L. WIERY AT AT TIVEICMID
NTVBINETFIIEL =N —H L 7 BT IUARET AR,
AR EHEC L) LD IFEERFERICESCET
VTH5DH, ZNUIZLZDH 100 km W EE 2 FOo%
RETIWVICHW L 720D0IIETIVTH L7290, WO
TAUEF R T E R W EDHIRIZ R > TV A2 E W
25, b LN EFHITELMIETIVE—D—DD
NTHfHL, Fa—=r 7 LzOblEETVICHES
HEbl, WINOBIZFEEN ) 2 LI2hb. KH
BRI 720 70 S AZRB U TR AVA T INE S  TH AR
BEDD, BT — 5 2%ioTwab 2 EbMIfFTE,
Fa—= U7 LAIET V2T 5 2 & S RED D
Lt Lo L, H/NBS I E TER T L2 b &,
BT — 5 2O D1, 2L T—2—20MIIET IV
RRERE L TSR RICR D 2 EDRESHICTFRTE
%, EIHEEEALSHE D & SRR B DAL 2
LI lhREZLE FEEDPEIPOBERTRERAIZED
A EHIZES.

=D HO/N— FViE, BEEOTIIET IV OL  HSAT
TR DMEOLEE T ER L 2 WHBEXEZHNTWE T
ETHDH, Lo LEiws &I X o T T o i &
BE 4G 2 &AL L, WIS X TEAJIR DS B~ & 5
3 % Tidal Bore () SMFENLZBRIEETVHD
(=H =714 P TEL). INTlEESD L EVREZ2RH
FRGEE IR Z B L TWAIZH b 59, LT
TOWHEIAER L T TH D, BR OMNIETR
CHIAFaT) —EROAHRZbOERSTLED
7259 W ARSI E 7 OVIZI Tl
e IR T AF 27 ) —MEROFED v B E T
LAV, Eh L) FiidmMEEREE T IV E A
TG e HH L7213 )L v, L L 2 TIdm)ilE
TN E T TN OB AT 2 ), AU EEE D
WxTLEI)ZETHENS.

3.3 EELBE—MNICIERDEVNDTE

BEAE DM NIE TN EWEET VRN OTHAT L LD
IR STV, fRA AR A 2 & 2k
N7z, TS ED L) BT Ta—FHBH YN 257259
7»? 2 Z Tl Kidaand Yamashiki (2015) TH7z124%
Z L7 Layer ®7 0V (BEETIIV) & HW720)I & fEeE
KIS ETNVFEERNT 5.

RETICRE > 72 TR 2SR MG 28 U CAICET Y,
& 7% o Tl £ TN TV L IRRO—HDOF) X 1ZIRK DA
(JB) X HIZKBHTEHLDOTIERH»? Layer 7
W& 7 IREE— R E T VIE 2 0 &9 R fHIcE
SVWTHEY, HEWESOKEEFTIVDI ) HRA A=V T
HbH (M6a). BEAKEZERADAE LTRASL, £V
EATFEBRIZ T RN EARET IV (—EO Layer £
TN) wflio THEAKDOTRNZ M AEE v, AR
KBOE S %123 mass source & L TR S, g
TR O Layer EFV D FIZHEK Layer 75 5 & &
W27 A, WEFEIZBWT Layer EFVIZERICE bR
TWaHDT, b LEKDOIENSEKET NV THIITIHR
LbNBDOTHNUEX, TRTHELBOKE—DDETIVT
KYPTELT LIl A, EEHELTUL IV
% b ORMA R T LA 722 R TX B L) 12
KETFVDPEELTICHIE L TV BLEDH S Z & T,
B 2B CTH 5. BERIOK, FIOK, #EEDK,
DENDTED [K] IFEDLY RNV L E2EZL L,
U HRRRTETORNE R S LT MICIZAR
BFEEE VWD,

Layer E7 WV MIIET VIZEHAT S A1) v MIKE
{ZoH b, —ORHIFRIFERNZLH 12, BERAICHE
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(a) Precipitatior
Surfacerunoff -~
River / e
Freshwater Layer

; A0
38.0 ™

ANTYa—L

370f -

6 ¢ (a) M NIHEE—ATE 7V ORI (b) A% L
ORI -y 2L —3a YiEE (Kida and
Yamashiki, 2015)

Figure 6 : (a) A schematic of the Surface runoff-River-Ocean
seamless model. (b)Freshwater layer thickness simulated
for the Abukuma River when Typhoon Roke passed over the
area (From Kida and Yamashiki, 2015).

FEWBEEICHIGAOH LTV THL L, THDH, %
FEZALAE R\ S SR E 2 F oM Cld, HEIL
W2k [ 2% % (=Isopycnal Layer) & &2 52 &
THERN 2 TR BR OB 2 RO T & 72, £ 2B
FR 53 HYCOM (Bleck, 2002) % GOLD (Adcroft and
Hallberg, 2006) O X HIZEERA T — NV THfEHLNTH
D, BENLRENEZFEBT2Z L bUETH L. Layer
ETNEMINETNVE LTHWSZ ENTE D LI &
WS — R IR T, DO BEAF O EEE T OVICHRKE %
—J&, W R % 720 CRESEDS T B 72 7 O JHAME 22 0 —
RYEEDED v,

b)) =2 A1) v ME, FEHORAFEEE TR U
REMCTRTI DL HDBIETHDL. WHETTIVE
WEFHLTVWAHICE s TEE Y EREV Y v M2
B, WNET VDL AT L2 S T E Tofng —>
DA AER T VO FEZ ELRMICIRE > T2
oz, TIUIFHEEROREETEMR L7000 L
N GAS, I - PR - )1 & i 2 & 2L

el 2 WA W CGINET VEBE L TWLDTH
H., LD2LINTIEREB I EIZHEz RO B LTE
N, POTIEAEE D B EHPT T A B 7 > TW b
CLEEBERLTWS.

RFEoKk &gk &2 A COtE BTG 2 X ) 12k b &w
9 Z &L, BIEICHRARZWNNEE [HE] TV ORE
EDRBRVBILTLINEZ EbhS, £TMINT LI
L2 TNV TR 2= N=F VeI 72 % 72
O, WINORNRLHTIFIZEE o & H 2 AR H L
MU 5b. F£72BKT—8 2 HmMIIRENET VAT
KEDL LR D720, MEHENOWIA & % F i St
ELTEMTHUEN L b, 2F 0, W& WED
TWAUTIHET [#E5] 7460 TIE% L [EEN] 1275,
WINEHFEERFR CETVHTIHRORRDO A v MIBZ
5L ZOREASD . WIET N, WEETIVEV) 5T
HRSEIRHFEEL R BEDTHS.

FEBZ Layer €7 )V & H W CRIRER)I % F3 L 724
R 6b ThHAH. 2011 4£9 HIZHJE 15 5H H AR % il
BB X BBK (L—F7 X & AT E © http://
www.jmbsc.or.jp/hp/offline/cd0100.html) 123> CTif
Moy Ialb—varyLTsh, MrbidBEmTiEE T
WV B EWRTEH OFEEIIAREED S Lz wds, A
Z o TP L, 2L, &t T
LT Ebrs. FlomEORRYE R THEE 2%
DNz DER>TWAZ LD S (Kidaand Yamashiki,
2015 D 3), ZDETNVFEDGEKRDTN T HEHH
LFEETHL I EDPHERTE L. WHOMETH W
Va2—ADERENTEY, Layer &7 IVHEE & il T
ETWVLIHEK - HRDOTEND EL 5 #fHIZHIZ 5 2
EWTIRETH B Z LR LTS, I & ED I
RV %5 2 E T EIHOFHEIRE M ELA
EWVWZBEAD . BIEICL  TNE L~ & a5
B, NG o 72K OBRA, £ LTI AF 2T —
PEEROENDRETNVHNTHKRETFHTELLHI12% 5
DTH5b.

Layer E7)VOBKEATOREIZI I 2L — 3 v
100 m T CACPHEEDS LB R Z 87259, TD L) %
SRR % W CREUHEE TV 2S5 2 L1, BiFES
TOFREERRNIZE 2 5 LML GEERELET L L
W% b7259. Fl22hFTHL A Layer 57V %
I CHEPZEMIIEE ) Bl A XY N TOBGEIZEA
TWAH, KREESI, PEiR, Z% EomIBiEETH
Thb. FRIELINDPOLOEBEIIHDLENVZEEH
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4. Inps

fFDMEE T VORI (k- B) \SERT 2 RNE0
B EH LW ET VOFEOWTINE THRNTE
720 AR, BAEET USRS SIZHERL TV R
TEETNEHMIIOWTEEL, Aozl Lz
v,

WEEETVOREL, RIGOFRMEOSRGE -
HRALE VWO TETENLVAHEATETNS, LTV
WL W) DIXHEO—MHICE T 2V &b F/2HFET
HbH. FENRET LTI 2IERRK D UL, i
Gy 8k - BT - R - BELR kA BWENENEN
DFEOEAH OB 2 — VT CAFBRIX L 5 5. WAL
FOBEMEPE TS [WHEIEER] OF D5 WY,
OB L IVWLEMIEL- & &, BEOHLHEET
WVIER7ZZLTEZEFTOHIMEMZ TRDL D259 2.
ERERIEER7ZIT TR, i) EVERA T —Lizsn
TOHBBIYIHIT 2 EDO TV DL L VO TIE W R
9. A R—Y 7l LB A TV B IFSEAVRIZ T
5 &9, WEORNEE UMD 5 & RIS L EOST
fuitit%@%%w THBLENR TV R WER)S
o TV I LICbANMPEIND. HEHITEL VS &
DIEWEDIFR D TH L. WKIZTF T 8 - Y
bE RO D LB LA ANERTI R > TEINETO
WEEET VL, FRELIRKEBENTEDODH L ERE L
Db L, K- ALY - E EORESINDS
—REZFTHRBBET NV ERERKITEANEBENT N
LONEELAKRTH 5.
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Impacts of the Changjiang diluted water on the variability of surface layer

salinity in the Japan Sea
Tomoharu Senjyu’

Advection time scale of the Changjiang diluted water (CDW) in the Japan Sea was estimated from the surface layer
salinity data at some coastal fixed points in summer 2008. The CDW from the eastern channel of the Tsushima Strait is
transported by the coastal branch of the Tsushima Current, and spends about one month to Noto Peninsula and further
takes about one month to the Tsugaru Strait. This indicates that the CDW takes about two months to pass through the
Japan Sea. Singular value decomposition analysis was applied to the long-term salinity data in the Tsushima Strait and
northwest of Noto Peninsula. The results show the in-phase interannual salinity variations in both regions with one
month time lag. This fact indicates that the interannual variation in the Changjiang discharge affects on the surface

layer salinity in the mid-Japan Sea region.

F—T— K HAUE, RILAFOK, REED, o RGO, R R T

The Japan Sea, Changjiang diluted water, surface layer salinity, coastal branch of the Tsushima Current,

singular value decomposition analysis
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Figure 1 : Map of the monitoring stations in summer 2008,
Solid circles indicate the location of T-S meter moorings. The
salinity data obtained at stations with number are analyzed:
1. Tamanoura, 2. Gohnoura, 3. Futaoi Island, 4. Kayoi, 5.
Hamada, 6. Amarube, 7. Kyoga Misaki, 8. Takasu, 9.
Sosogi, 10. Sanze, 11. Yokoiso, and 12. Sekinehama.

72 34.0 UF O /37k 25, 9 BICIZEREEMTIcE T
ELTWEZEEHmELTRBY), ZoBEEEE LT
0.26~0.63 7/ v b (0.13~0.32ms 1) ZHEEL TV 5.
L Lads, 17 HEAOMATOBS 2 BHE R
HEOLBRAEEOHEEIZIZ, i) OEEFETIRTY
LrEZoND, F, RiljimdsridEiscok
VLATHUK DRAEI 22 25828, HAMBANZB O Bass 12 &
DORFEOREL FITL TWBDLONIIOWTIE, #@BFEICH
FEID 7%\,

Z ZCAFLTIE, S E BRI R E L 72K -
Woratoiiske S, HARMREIZG - 72 RILAFUK ORI
HWEE, BB AT —VERALPICT L. T, HEE
TOTWAEDIZITHHIALE T 5 ReE P BT T Ofig ofE
AT, LR TdH K BIROIR AT & & O
B L T2 00 & et iiciam L, RILO [EiEahA ]
IZDOWTELET L.

2. MthT—%

FUMRFIS R TI AR ERT T, kRS I 2> & ik
VA9 % iSE R E BRI KR - HRRT 2 RE L, 2008
FEFEPOLEBKIR - EHOE=8Y) 72 EEL T
b B=F) Y TIEEFEPLICBIET O L TV 2
7%, EEEEEE RIS (BARIE) % %l T 72 1d 2008 47
DHRTHAH. £ TRIFFETIL, 2008 FFHFDEE %

39°

38"

37°

36°

35°

34°

128" 129° 1300 131" 132° 133 134" 135 136" 137" 138

2:SVD AT R L 7z e e (Sta. EOL-E05,
WO1-W05) & ReEfBAuri (Sta. NO1-NO7) 128115
BT, EMIEOHZ E LC200m HEBEZHIVTH 5.
Figure 2 : Hydrographic stations in the Tsushima Strait (Stas.
EO01-E05 and W01-WO05) and northwest of Noto Peninsula
(Stas. NO1-NO7) for SVD analysis. The isobath of 200 m
represents the shelf break area.
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Figure 3 : Time series of the surface layer salinity during the
period from May to October 2008. Numerals near the graph
indicate station numbers shown in Figure 1. Each graph is
shifted to higher salinity side by 3.0 in order. The triangle at
Stas. 1 through 5 shows the minimum salinity.
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Figure 4 : Time-space diagram of the surface layer salinity.
The lower and upper axes represent the date and elapsed
days from 1 July 2008, respectively. The left and right axes
indicate station numbers shown in Figure 1 and the distance
from Tamanoura (Sta. 1) along the coast, respectively. The
contour interval is 0.2. The color bar under the diagram
shows the salinity scale.
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Figure 5: Same as Figure 4 except for the normalized salinity.
The contour interval is 0.2 and negative contours are drawn
by dashed line.

1.0 20

5720, RILEFUKOBIZ #ams 2 56121%, oo
MAHE L D b, ZWEIZ B0 B IRl L R R T
BEAL L MR Wl L weE2 o5, Bk
AL L 7235500 X B RER—2Z2 4 A ¥ 79 2 &2 [ 5 127K
. BREOEKN RN — 21X 4 @ 33.0 LT OHE
HWEFMUL TWEH5, B4R (Sta 9) 12H BlRZEI BN,
7THTE»S 8 AHAIIH,T THEL (Sta. 6) 25 =i
(Sta. 10) ICEREESRIEL CRE I E0bnd. &5
WCBIMRIE (Sta. 12) 120 9 H FAICRRZEIHATE Y,
AR ZWEICE % HARADER FICEL TV 5.
INHDZ EiE, EILAFKIZEEE LB UL HHRIC 35
WTH HARBRIZN > THR SN TBY), iRk 8
LCIRPFEICHHELTWAZ EERLTWAD,
DLEoERD S, o Bp oK E 2> & H AR FA L
7o RILARUKIE, HSHERINREDBIC L o TR ENT
W5 EEZ LD, MEBRGESIE, AARGREORE
W (1) 12I2FE D L) i Tes ), BEioiy)
N BB AT E TR ZE LcigEd L 22 L
PHSNTWD (Haseetal, 1999 ; HH - BEH, 2000).
RALAHOK Ot ik 2> & 5652 B E 0 F C O
BrRIAr— Vi, M1 rAERBELONE. L, &R
BABLZ 260 < MR O KBRS OFH LB O LA S b
ZEBEEEZONDL (TF - KB, 2012). SHI1ZK5
5, BEBEED O MR E TORTRR A — L
1y AREERELONDL L0, BILARKIEH
27 AOWRMA r — VTHARBEZ BB L TnbEEZD
na.

1st Mode

SVD Time Coeff.
o

6:SVD 1 OFRE. FLFEDr T 7%, TN EiE
Ik & REEALPE TSI Z DWW T D b .

Figure 6 : Time coefficients of the SVD first mode. The blue
and red graphs are for the Tsushima Strait and northwest of
Noto Peninsula, respectively.
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Figure 7 : Heterogeneous correlation maps for the SVD first mode. The left
and right panels are for the Tsushima Strait and northwest of Noto
Peninsula, respectively. Circle size in the maps is proportional to the
absolute value of correlation coefficients. Two circles of correlation
coefficients of 0.3 and 0.4 are displayed between the maps as examples.
Open and shaded symbols indicate positive and negative correlations,

respectively .

DHBOGA AR LIS DT, TNENOWIZBIT S
LIRS ORI 2 . TS O L #LFR I IE O A
BB TWSA,, TN TI » A7 7% b -
CRNAHCTEB) T 2 RAELBHFET 5T L &R LTV
%, HRICHHBEASE RIS, R I C LUK E O HET,
REE P B AL TS CIRIn R IR W EW L & 2o &0
FES0m FTICRDOONL. O L, o HilFH
KB DI % il L 72K 2s, 17 ARICIEEELS
MO L ZOMERBICEEINTWL I L%
IRELTW5,

SVD T A E RO IR WEB O A 2 i § 5 7290,
I SN EBRENZNOY TS 2E8TH 5 &
BRSO 22w (- RUEE, 2010). Z 2 C, xFEHEE L fE
B B AT IR O HE 43R 22\ LTI AR BRI AE
RA%AAT (Empirical Orthogonal Functions analysis, M
L C EOF f##7) %47\, #hl & 7z A s &
SVD1 & DI 1T 72,

o B R O ¥ A5 R 2= 12 oW, BELC Senjyu et al.
(2006) 75 EOF f#ft 17> CB Y, 204 1 €— F (EOF
1) OBREEEARNY PIVaAi% 8 I1Z/”T. EOF 1
DEHFXRT7 N VITHEEDIZIZEM CIEfF 52 /R L TH
D, SVD1 OBREME~y 7 (M7) LEUL Mk
RLTWS. F72WEORREOMIZIEIEFE 128\ R
(FHBIR S r=+0.95) 2SRROHND T L5, xf Bk

2B % EOF 1 & SVD 1 I3[ LA %K 3 b 0 &l
N5,

REZ P B AL il 2 D W CIE, #7212 EOF f##T %
fT-7:. EOF 1 OB L EA X7 bVirAi %149 12
"9, EOF 1 OEHANZ MVIGHITE &I CIEEE R L
FEICEEM &G 50 m B T THIEARE (o
TWwWh., 0¥, SVD 1 oREHE~ Y 712
AONDLLDOTHLH. F72, WEHEDOEARE OB
r=+0.86 L FEWITENZ LS, REEF BTN I
BWTHEOF1 & SVD 1 IIZIZF LAT2ET bk
EZOLND.

DB XY, 3Bk & ge s Bt vu s iz 1 - J
D7 7% b o TRNAHTEBT 155 ORELB AR
L., L2bZd, #NENOME TR d Bl L 7-4H)
ThbEMmMTES.

5. ¥&H

AIFEIC L > TIHEONE LRI TOM#E) TH

5.

1) R E A & H AR A L 72 RILAHUKIE,
RTINS L > TR 1 7 A2 CRELE
Tt S, 5128 1 7 A RICEEERD S
HHT 2. Tbb, ELHFKDHREBENTOR



82 FF

1st Mode

20

-10 F

20F

EOF Time Coefficient
o

-30 H————

DEPTH (m)

8

150 LI |

8 : 5t GifEkic B 2 EOF1 OFRE (LX) EEANZ Mvafi (FR). FoRE s
DEARZ MVOMSHZERESERL, HIRESOMPIEEEZ, BREOMNP AL RS

Figure 8 : Time coefficient (upper panel) and eigenvector distribution (lower panel) for the
EOF first mode in the Tsushima Strait. Circle size is proportional to the absolute value of
eigenvectors. Open and shaded symbols indicate positive and negative values, respectively.
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Study of the classification method for the costal water in an outfall area along the

Hokkaido coast in the Okhotsk Sea from satellite imagery

Koji Asakuma', Yusaku Kenjyou' and Takeshi Shima'

The shore area along the Hokkaido coast in the Okhotsk Sea have high fish catches and shellfishes live in the ocean
bed such as scallops or oysters accounts for 30% among fisheries resources in these area. Abundant primary
production and enough nutrients to support production are necessary to maintain resource of benthos which cannot
make migration. However the Soya Warm Current flow in these sea area which is the dynamic current of the
Tsushima Current originated the Kuroshio Current have a low in nutrients. Therefore it can contribute to the
sustainable local fisheries in the Okhotsk area to elucidate nutrients sources of supply to the Soya Current. This
study is to development the classification method with four channels at most from MODIS satellite imagery for coastal
water around the mouth of the Tokoro River, which is the good inshore fishery spot for scallops, for the purpose of
monitoring of the influence range of the river water which would be supposed as one of the nutrient sources of supply

to the coastal area of Soya Current. As a result, the transportation of the suspended solids was able to observe about
8.5 km to the northeast direction from the mouth of the Tokoro River in satellite imagery.

F—T— R ERBER, IR, WK, frR) - bRy vy, wisrE
the Soya warm current, coastal waters, river water, satellite remote sensing, image classification
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1. [FUSHIC

F k= 7 AR E N RIS K EE DS A 7 & & THI
LNTBY, FR—y Z7#IZHT 54 k= 7IREFGN
DIREW IR 305,770 b ¥ TH B OKENBLLES
#2013). TMFdblmE O MER 1,239,456 b 2 D
24.7%, HAZEOHMER 4,729,000 > D 6.5% % 5
D5 (RMOKES, 2013). FHEHOFET 5 RERIERT:
A W ESE SR O ST IS B Ml TR S OSIZKIETC DK G
Yol 3 62,354 h > TH Y, Fk—v ZIREFANOD
MR D 20.4% 2% 5 (FETT, 2013). #ETHIEE
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ToOfESG T MMEINCRZ L, Ky TH A0 (34.2%,
IBHEH 7.0%) LEHLTBY, kwTHr (24.7%),
A7 by T (23.4%) Lo Tw»b (HEET, 2013).
CDIHBEREYTFHAERY AL LTOMWY -, i X,
e TR & 3 £ T oM & i o [ E s TR
Th. KRYTHAPIOL) GEniEES 215572012
X, RATEICZE LB S L TH ), 20720
E—KEEHTH LM T T > 7 b 2 hSEIREEA

7'] b oM H S (Lalli and Parsons, 1995). &6
EN RS TE MY 77 07 e LTE, K&
S 10 um PLEDO RO 75 > 7 ¥ H5E L T
B KO 7T v 7 b Y BT B 7201 IL 28R
TR e IR & e (AR, 2011). — 7, F Ak —
Y 7 MEOFRENNEI A R — Y 7 EEH TR RO LK
FIER A ok — ) 7R ERIR K, £ O TR ICIERAER
OISR (FH, 1979 KH, 1985), & 512
e E R =2 5 A 40 km fF3T if%/lﬂimbﬁ‘(]lbﬂf
W2 (HHM, 1972 ; Takizawa, 1982 ; FHI3 %>, 1989).
FRBETIT R AR L 52 ERROBM TH 5720
SRR OB R 2T TR O R E MR, &<
CRYMEREEERICIIM L TUE, A — v 7 R EIE SR
2R LT 1TV CRE, 19855 oKH - &, 19865
THEE 2, 2011). F72, FRBERIIE,SBEIZMT TR
F AN OGS L 53 Ai 38 JLAY % A% (Takizawa,
1982), Wifk F CITIZTEHEAVINE 2 0, AF ISR IS
BT 5 &) FHEE LT L5720 (FH, 1972), iR
WADOKBEROMAG S FE T LB T 5. K& THA
DEZZWLTHAILRTH A BWTIE, £F:h
55 FIZ T TREIRBEDSE VRS KOER D) L2
WENTVDH, 6 BICIEEREICB W TERIETRKIF
FELTWD (LEEIEH, 2011). D70, FErbEmKl

DB T EFUREICB T, Pk DA o %3
OWIE AN = AL %L, ZOEEFHEE=5") ¥ 7T
Bl ZOHIEIC BT B FEGENTRE R K E IR O R
P aVA=S

NI EB T 2 K DAL O RBIEOME 1L, RERA
J&DFLAUZ X BIKIEDOE NG S QG &, W T
FIIKIC X AR EZ HND. 612, Ky THA
R EQEEEAY (N2 FR) 1, KREDSIEBIZ) o
TILRES 2 6 - AR O BE Y E 2 EHY :&{rt
KA O A% & FTWIEFE OB E Y Ok b EETH
5.

VAR, AGHERE IS R TUEZ BV TJK A B D58
FEHENTBY, A/FE, RKEI, T O T
AT D ZE @R o DR A B OB B H, 3

._[

e, ek wmE B OEE

NIKOFINR, WeBWk T OEWAMH SN TE T 5
(Il 1L, 2006 : Agboola and Kudo, 2014). & 2554
YR > & 100 km F2 BV AZ 8 3 2 K381 (G duk i A%,
5,590 km?; F¥iE, 233.5m3s™) (2B WT, RAKRER
(5&*575’(_“:17]‘% 3lkm O FE THEINTWE T E
5 (IEMk L, 2006), SRR 2 KB ORI

ﬁﬁ’fﬂ“(‘%&\ﬂ. =77, WERAEICE, wEIB L0
BINDSHAT 5. WEINE, &= 7 b imEinF
KOFNTH Y, IRER X 1,930 km?, 30 = %
2641 m*st CTh A, F72, EIINIHLITIAE 1,480 km?
THY, F¥imit 33.56 m*st &, FEI L) iiED
v, LALGHS, OB THESRR~ DM
NIKDOFEIZET 2 MR R, 20X ) REAOFE
B2 56103, HEMEOMHPENTH 5.
o B R REPAATER T DO AICRE SN B AHS, #ED
7= OEREDH D L 5 FEOAL ST, FFRICHE-S
“CfLﬁEl’JCCT SRS LURETH 5.

ENGE AR %EJI]%}‘% F k= 7R B IIK

DB Z BT 5 2 & % HigZ, MODIS Hif%% H
WK GHEE AR IO DO TH L. FHRBEIGEFv
VRO WEDE=5 ) 3L S BI b
NTHy, LM77y 7 brpborua7 400
aREOEIIZ 1970 FRA2 5 BT b TE72 (Morel
and Prieur, 1977). Z iU, 5 6FmIcb K (Case T
Water) %%, —#BOHM % &2 & 2 im0 8
ARV, ke ruu T v all LB E 2213
WORDPOHEREIND ERET LI EPLIETE -7
(Morel, 1988). ¥L4ECiE, MODIS % SGLI % &) #iis
ORISR 16 /3 FLLEZE S O - BRE O R
SRREE b o v OERIZL D (OBPG, 2015), 71
07 4 a Ao mFEs A7z 8o 58 (F 1, 2006)
ZIELHE LT, BEK (Case I Water) RBHAKIZE
WL, B A KB AR (colored dissolved organic
matter, CDOM), HHAEY (organic suspended solids,
OSS) B Y (inorganic suspended solids, ISS) 7

DHFELMEEL o TETCWD. ZO—FT, Sllkf

%%kﬁLZ) W EM % EOMMIE R R & B IR 22
SRRSO S, S HIIEIA S DAY OEHL
W R & — VT LT B & &ﬁ‘%‘%b\ﬁ—??ﬂ"ﬁ’i”‘%ﬁ
HHNL. WESHEEE M5 HEE RS
L— N+ 7ORRIZH D, mrﬁ@é%%w% ) v
FERHEME Lz, RGeS ET
HELEELRV. Dbz Ens, ABIETIE, 75X
BT v ¥ A VBT OO EKE 55T 5 H
B Er L7z, Mg, mABRm A~ ORI RE
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INF CTOMRERDL LWRIEINTIEE, Ky FH 1
DUFEY; T 57 B e L7z,

2. MODSI HKM BE{&IC BT DiamKD53 48

2.1 FAT—5EHERE

ARWFZECRIH L 7-f 2 mig1E, 2009 4E72 5 2012 412
FORRERFE ERFH TZME E 172 TERRA B &
" AQUA/MODIS OE[{E D H 225, HH TEDHE N
T 5 34 A2 IR L, RIEJIT 1138 38 X 28 iS5 (8.5 %
7km?) B X OF SN 60 % 28 [ 3% (15X 7 km?) #
WHHW Lz, FIH LT v v i, WY FoF v
A1 (QKM (250 m fHEEE), %, 620-670nm), 4
(HKM (500 m f#{§ %), #% 545-565nm), 3 (HKM,
., 459-479nm) O 3 F ¥ ARV E, EHRINY FD
Fx AV 2 (QKM, 841 —-876nm), HikERININV F
DOF v ¥ A6 (HKM, 1628 —1652nm) & 7z, F v
Y AV5 (1230-1250 nm) B & V7 (21052155 nm)
&, /A XOBENKE D770 L7, HKM f#
BREOW ST 458 L, QKM EREIZE b T 1 mHE
L7 WEEGIKA LR, SR BT 50
T, REFFIZE Y BT O RFE L SEWEOBED
Bt ERDS#Ze o72 ), FBERE» S ORI L 5 BAD
A L7200 § 5720 BREE IS MED S AET S (Wang
and Gordon, 1994). # = T, M4 5% 2 — F 6S
(Vermote et al., 1997) = W CTREASTIZ L HWILE L
A —BELOMIE* B o7z M lall, 201244 A
15 HO L A1) —#iiEFH A MODIS RGB A 1% % % 7~
3. ZOHIE, RENZE S CNZE ST OW s
BWTHM T V= AP ERRTE 2, RHMIZZ 0T
V=BT KICELbDEEZLND. K 1bIZK
RN e D3RR, B Le (2 ST A o Bk ok
MzxRd., 70V EE I —HELORIEIC DWW T
X, %Yo 7% MA=F LI X LIRSS T A=
DT, SO RGEHEREE b 205720, KBt
T, =78V VI LB KREMED D %R S L5
EEE SN TV AN S (2002, 2003) (12X 5, &N F
OFANRT B KNV Fi(e11,2,3,4,61) OBHIE L
DEEGTH HBEAL S N7 HEEEAE

__Li
Ri= 2L’

i€{1,2346},0 < Ri <1 (1)
Hw 7z

SHEETEH L, REESHREEEEL ChWhlD, 453
795 A% L HICRED o T, ik (sea water, SW),

W75 hroborun74)Va (CHL), A,

1:(@ 6SEHWTLAY —HESN7/z20124E4 H 15 H
® MODIS W& E %, (b) a DRIENFEDILKIK. (o)
a O BT ORI
Figure 1 : (a) MODIS RGB composed image with Rayleigh
corrected radiance obtained from 6 S the radiative transfer
code on 15 April, 2012. (b) Enlarged image around mouth of
the Teshio River of image a. (c) Same as image b but around
mouth of the Tokoro River.

RS2 DRI L 2 WIS E
FEEFARE
CDOM) ® 4275 Ak L7z,

(total suspended solids, SS),

' (colored dissolved organic matter,

2.2 BFEKDHEE

S ORI, FENEnEno#EHo RGB &1
W5, B THIHRICHFET 2 66WE L, BEo
WA R 25 72, SEEO S OFKILE N4
FX UANVOBEM RO AT T A EERL
(K2). M2aldFx AN 3 50K 2bidF ¥ vt
VADCANTTATHY, ICEEEOSADE SN
7o FloF v A3, %&/%»4% T EEIE O
KWwilg s 2FHOENHKEER > TV 202D
Fx AV 3L, SW (51.4+2.2) & SW X0 B HiE
b D7 T A(56.1%£2.5) D207 T AL [H
FRICF v 2V 413, SW (27.4+2.8) &, SW L D) Ew
ik %2752 (33.3x3.1) @207 5 AIZGHEL.
M 2cidFr AN 1BLOK2 IZF v > 22 52K
ORI RO SR Z B A8, IEOTHRIFE LD
PEREA AR IR D 1% FEE & 8k < B8 L ro 72, [ 2e
I A6 ZIRTH, A 0FEICEF LTS
72O FIITFHTE o/, D2 &b, Fx
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X2 : 2009 SEA 5 2012 4 F TD 34 ¥ — @RI OE L0 IEHAL S 7z MODIS %
F ¥ YANVHEDOC A NI A () Fx¥ 2V 3(FHE). b) Fyrawvald). (o) Fx v

ANV1ER). (d) F v ¥ 20 2080R54).

(e) Fx ¥ AV 6 (HIEERIN).

Figure 2 : Histograms of the normalized radiance of the MODIS each channel around the
mouth of the Teshio River while 2009 to 2012. (a) Channel 3 (Blue). (b) Channel 4 (Green). (c)
Channel 1 (Red). (d) Channel 2 (Near Infra-Red). (e) Channel 6 (Short Wave Infra-Red).

YA I ET X YA 4 OHEEEAMRAIE & Il LA
Hbe724o07 F X G, Gun, Gm, GuulZl¥IVT L
NIVIREA T A AR HWTHHE L7 (Rees, 1990). &
DL, G lZEKEZRLTWDLDT Gew EZEEHZ 72
G313 2009 470 5 2012 4 £ T O 34 MO TR %k &
AT 27283, 3207 7 AFXTH ) BEIE D h o
72, M3 _TO7 7 AP S5N72201048 A 18 H
O RIGA S 3L 0 BiE %2 7”5 3a |X RGB A Rt
%% R"d . [F4E 8 A 14 HIZKIERTlE 80 mm D KA
oz Thlh) (RETHR—L_—Y), 4 H%ED 18 H
TH MG L 72 NDK OB DR E L AbILb.
3b OFE TR M ED Guu, %A Gy, RS Guw 12
GEINIBDOTH S, A2 HEVIEIC Gua, Gua,
GuL &5 TWa, W06 ORIEER L L & 2 U
FIRD SS 1ZEFRED CDOM X ) Bkl d 5 L& 2
LMD, SHFENICS Tib e SRS RERICH
Do THERMICHWART 24, 7uou7 4 )ax (Lalli

and Parsons, 1995), CDOM (&7 O WILATFR N 2 & 20 5
(Kutser et al,, 2005; Zhang et al, 2007), & fakd (2 EHE
DEN Gan &, SS TH A FREAEV. TD720, Gun
% G & EEWZ 72 F72, Guu, Gmld CHL F 7212
CDOM DO\ DO U BEPEDSE A 2Y, Guu (X7 O Ll
fEASF L D B & Aed 50T, CHL, CDOM D\»
T ZORMII—H L. ZOZLIZonTiE, 3
HiTERT 525, BRI X ) H /Ny FASEKEHM &
TwbeEZzONL. T2, BELIZL D RB X OVR
BN FTIRIETER OZEAVNS R ) 07 7 AR D
BIEZ ko5 2 &, F72, MRMETH % 7205 S H
BHOGNEEEE AR L hoZz, 2510, M
Wiz R E L@ R EALA~IHR D720, =B ~_Lp
BT X YA NVEBTOGEERE L7ehs, Bz~ T
LARWVATAAETIEZCHL & CDOM # Xpl3 45 2 &
38 L o7z,
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3:(a) 2010 4 8 A 16 H »RIE)IF 147t » MODIS RGB
AREE. ) FHO<IVF LNV AT A A K A5 5EE .
KEAT T A Gow (WK), FEEODS Gun, F&A7 T A Gun, R
W7 T A Gu BRT.

Figure 3 : (a) MODIS RGB composed image around the mouth
of the Teshio River on August 16, 2010. (b) Classified image
obtained from the multi-level slice classification method with
MODIS images. Light blue pixels belong with the class Gsw
(sea water), orange pixels with the class Giu, green pixels
with the class Gun and red pixels with the class Gur.

3. AR FRIEE DIREEIROER

2.2 OGRS CHL & CDOM O X Bl L8t L 72
O G, Gun #EGbET G EFEXLBL. KIS, 2
D3I DODFHET T A Gow, Gss, Gt DURFEIZEAT 5 FRIE
OYES R ET L7z, RIEORIEIZIE, BROEWIDH
TR FOF v 2V 2, A[tHN KD 1, 4, 3F x
YANO LA ) —HHIE SN IR SR Li & 7
F v YA 6 IITHEICHRP N EE 2 SN L 2ok
L7z, SO4F X ANDIBL2F ¥ ANV EDIEMR
{t7#=f#H (Normalize difference channel value: NDV) D4
TOMBEDE

Li—L; .. L.
dﬁ:LzTL;’ (1,7 €121,4,3};i+7) (2)

ROz 7272, A, FANEL B B ARG DI A
Kon$ 57213 % DT, WRORWTPEENTT 2 L7z
NDV O A %F L7z, kIZ, £ NDV & &5%H7 5 Ak
DB ENE & ARET L 72,

M4BLOK5IZ, M1 EFEBORENOMES X
O BT EAHT 04 NDV lif§ 2 R4, 2o HIZEH
PICERIKICE MM EEZ H5ND. da(=(L1—L2)/
(Li+L2), VFHE) 1%, B E— bty 7 TH
WHN A — ML e fiA TR (Normalize vegetation in-
dex: NDVI) LRIUTH%. Mbax b L, da DI,
Gow \ZTHEHENLMETIZOWZRY, G, G IS
NZEETRELICADMHEE o7, Kab xR 5L, du
X, Gsw, Gant, Gss DETHHEDMEE R Y, G, Gss DME

-1.0  -05 0.0 0.5 1.0

4: (a) 20124E 4 A 15 HORIEBAAEBOF ¥ » v 2
L1 oEFALEREG. (b)) @ERICTF Yy 22 & 405
W% (c) Fy¥ran2&30EmE (d) FyryAnvlE
4 OEWE. (e) Fr 31 & 3DEMmME () F¥ R
4 & 3 OFEMIE.

Figure 4 : (a) Normalized difference value image between
channel 2 and ch. 1 around the mouth of the Teshio river on
15 April, 2012. (b) Same as NDV image (a) but difference
between ch. 2 and ch. 4. (c) NDV image of ch 2 and ch. 3. (d)
NDYV image of ch. 1 and ch. 4. (e) NDV image of ch. 1 and ch.
3. () NDV image of ch. 4 and ch. 3.

WU Gew L VIERNEE 572, R4c kR AL, dsTD,
Gsw, Gen, Gss DETHHEADE L 72 5785, FERIAY 70 2508
BRON Loz, H4dEHEE, D duTIE Ge?d
EDfEE %Y, Gow, Gen, DIIZEADETH 57D, Gen,
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B5: (a) 201244 H 15 HOFESNRAIEAOF v » %)V 1 & 4 OIEHALE M
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Figure 5 : (a) Normalized difference value image between channel 1 and ch. 4
around the mouth of the Tokoro river on 15 April, 2012. (b) Same as NDV image

(a) but difference between ch. 4 and ch. 3.

DFH Gow L NIERNMEE 2 5 72, de O di3 TlE, Gsw
WEDMEE LY, Gs, G, DIIZIEDEE & 575, G,
D G LV ENEE 7 5. M5 E disld
Gow WEADMEE ), Gss, Gen, 1FIIZIEDOfER & 278
B 2 2 X o e o7z, 2D 6788 — 0 NDV
LT T ADOBRNS, SR T ADWE KL
THEREL. Ge DL LT, EEREEWEE LT
i@fﬁé\i NTWEEEZOLNLN, — KR D5
ek & L CTEIINE RS R R O RIE RS TR
IR 12m < 7 5 (Clark et al, 2007; Baldridge et al,,
2009). L2 L, WEKHICHETES 5 b I2id /AT Bk
2L BHIRASIND 5. KON E L TRFEERED?S
RWEMIZ2 T TR EL % 5. 202 D05 D
5, THOBEIZS L50, ROWEEPEVIETRINE &
RN R CIRIKDOIFBAE C EM da, du, ds THED
fEE oz ZE2oNb. —75, WHIZBWTIE W
DIFBHIR RN, du, dis, dis CIEDMEIZ R 27283
AbND. —J, 7uu7 4 )vadspithEks L CREL
TIE, TARAY, & R, B ORI E D, G B3
INTRE 7T > 7 b 2 OWEIRKIZ X DR 7280, £,
R, EARGE, FHONE ﬁ%+# WEE 2D, D720
do 1ZFE E D NDVI L idic B 0fEx & V) du 1ZIEOfE
wlhH Doz lnrs, 7J<0)|1)§U]Y Z %ﬁ*i“ﬁ‘ﬂii) 9
T\vidp &, Gs & G D38 & 7 5 du WL
Gs & G DT BEN L ER bA. £2°T, 7un
T AV aDiEEE Co, BEWOUREE Cs, BIEDINA
WCEBRRPRAN L DR LR /NTA—F L L
T, @, ae b, bz deebUPlldukron
74 a, BIUREWORE L OBRIX

{d43 =a1Con+ 0:1Css
du=a:Cenit+ b:Css

EELLZENTED, TIITEEMITE D20 D%
n%%bﬁf,&#HL@&DD74»aE§%m&M

lmccm:aldmfﬁldm <4>

nCss a’zd43 Bzdm

EHFEEZHE L. REIRPADEEL, @, BFEY
AN L ARGE T & B ANEKRO B 2 T RAMR T 0 &R
E L THESHZEET V&2 HWTREAR R KD S (Wang
and Gordon, 1994). X RY O LETENRKE T E 20l
BlE, HABREI BN TIERA RIS EETH D &
IRE L C, HEIH & A SN D TOMEDEERIIEEH
DINE TR BREIST A— 5 B 720 TR B Jdd
&% (Kimura et al, 2001). A RNIAHIEE & 720
BBEOFHEEZEIZ, WRHEIFANO Gow IZHEHI N T
5 ETOWEFHED mCoan % 5 NZ nCss DD IEHE DI
IMEE T D an, B, az, B mRDIZ. D, El az, [
Z, G 72 b I G IZFEHEN TV S WAL T
BoNizmCu ZHEEEN/227007 4 )V a V)(EF‘FTHT“
(chlorophyll-a concentration index, CCI) 7 & UNIZ nCss
* B o IR IE (suspended solid concentration
index, SCI) & L 7.

4. FEREER

Bl 6all3DETHEE LML EFH® 201244 1
15 HORIEIET O30 SCI, K 6b 12 CCl 2R3, &
DEEwm=2.0 A=0.7, &=1.0, /=28 Th-o7.
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Figure 6 : (a) Suspended solid concentration index (SCI)
around the mouth of the Teshio River on 15 Aplil, 2012. (b)
Cchlorophyll-a concentration index (CCI) on same as (a). (c)
SCI on 16 August, 2010. (d) CCI on same as (c).

X 6a 75, SCI k7 — 2 Rizded 1 (W1 28
IE%(ﬁOkmx;tﬁﬁu:mYﬁ%<65km» ZIRDS D),
ZOHETSCLIZ 02D, F72, iBRICiH> Clum
K@&ﬁﬁﬁﬁ@%@%(ﬂﬂmﬂif,ﬂxm%w
FHI AR S N7z, 2o SCI O & W iEE I, ik 5
(2006) 12 & 2 KI5 OPRKIEEDT 15% & 70 % b 1T,
IZFE L. 6b % 5% & CCI O &\ I IE SCT D E v
VE ) 28 [ 5 o> Hb 237> & 4 R 1S AL IR 7 A W 4 i 2 C
170 W3 (42.5km) OHTF THOI TS, K62, b %
WAL THASLLE SCIDOEWHIETIE, CCIAMEL 72 A 1H
Michb, 2, BEWERY 75 > 7 b v o5
%ﬁ%%?ﬁ,%%MQ(%%) & KRR
@@ﬁ%%ﬁﬂﬂﬁ%%mmiT%méﬂfwépt
75, CCIAMEL SCIDEWEICh 7 a1 7 4 )V ald
HFHELTWLEEZLNL. ZOZ Ehs, SCLIE, #
whErsnuz 4 vadEfEEEZRL, CClIZ7 O
TANaDHRERTIBEE LTCHATLZEDET L

V. &k, yuna 74 va L EERBED O, 23K
ARG L L7 SeaDAS Z EDH ) E— k¥ v 7
AT LATHRETH 5% (OBPG, 2015), 4km Ll koze
HRGREPLETH L. RIFFRTEETF v w2V 1, 4,
SOOI F ¥ Y A INVOAKRTHEEEEE LTWAHZ &
SERBENDBITDEL THLEEZOND.

WIZ, YIVFLNVATA AL B5HEDLERD 7
O, X 6c 21X 3 &EHD 201048 H 16 H® SCI % 7~
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Figure 7 : (a) Suspended solid concentration index (SCI) around the mouth of the
Tokoro River on 15 Aplil, 2012. (b) Cchlorophyll-a concentration index (CCI) on same as (a).
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Potential source areas of dissolved iron to dense shelf water in the Sea of Okhotsk

Keisuke Uchimoto!, Tomohiro Nakamura?® Jun Nishioka®, Humio Mitsudera’, Kazuhiro Misumi’,
Daisuke Tsumune® and Masaaki Wakatsuchi*

Recent observations have elucidated that a source region of iron to the northwestern North Pacific is the northern
part of the shelf region in the Sea of Okhotsk, and that the iron is transported with dense shelf water (DSW). The high
concentration of iron in DSW is successfully simulated. In this paper, we summarize the model of iron cycle in the Sea
of Okhotsk, and discusses potential source regions of iron to DSW based on numerical experiments. In the
experiments, the continental shelf in the Sea of Okhotsk is divided into 4 regions: the northwestern shelf (NW), the
central part of the northern shelf (NC), the northeastern shelf (NE), and the other (OT). The experiments suggest that
the contribution of NW to the high concentration of iron in DSW is the largest, and is followed by NC and OT. The
contribution of NE is small.
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X éf"”ﬁﬁ L% A TR AN L IE N Tn 5 2

EDHER SN TV D

DSW (ZHEKAE RS ICHEH S B RS K (7514 2)
MH L5 TfEH L (Kitani, 1973 5 Shcherbina et al,
2003), Wil A& N Ao TN TIT < (Mizuta
et al, 2003 ; Fukamachi et al, 2004). DSW (& ik Dk
RGO & T DA BYE ORI B W TEELR T Th
<, AR—v 7o EIES (Matsuda et al, 2009, 2015)
R, F A=Y 7B A P EOMSEFE (Yamamoto-
Kawai et al, 2004) ([ZBWTHEEL&EEZ R L Tw
5.

COEH) A R—Y 7T AR EEIZLT
Uchimotoetal. (2011a,b) (&, F&— 7D 2 D0l
S, §7bH DSW AR & T 55 B o ik
G & A AIA A AL T &2 SR & B M TV
RS L7z, 512, Uchimotoetal (2014) 1%, Z D
PEE7)VIZ Parekh et al. (2005) 12 & % EWHER L€
TV % HE A &4 Nishioka et al. (2013, 2014) O#HITH
57z DSW CEAFERIRE DS R\ &\ ) RO TR BT
I L7z, Uchimotoetal (2014) (&, #MICIER7AZHS H
2o TWwiw, FR—Y 7 iEORKEKEMD &0
V7 DDSW ICEENLEFBHRORF L L TEELZOD
WZOWTHIEFERZ b LIZEE2 L Tn5E, KTl
Uchimoto et al. (2014) OWFZEICED X, FR—V 7D
PIEBR Y S 2L —a y &ML, DSWICEHEEN L
FEBROEIFIZOVTOERET S, i, KR CHH LM
1%, Uchimotoetal. (2014) OREZUZEL-bDTH 5.
% 72, Uchimoto et al. (2014) ORFHIZAHL T 5 ET IV
8T A F OFREEEIZOVTIE, WARIED (2012) 25
LTw3DT, £555FF 23Nz,

2. EFTIL

RIFFETHW2E 7 IVIZIFEOYHEE 7V & APy ibEk
ILFETNVOREET NV CTH L, UTICHE LS. €
TNVOEFIETFER/NT A5 OHIZD W T ORI
Uchimoto et al. (2014) & Parekhetal (2005) %= ZHi &
n7zwe,

2.1 YEEFIL

R — KA &€ 7V COCO ver.34 (Hasumi, 2006)
% N — Z1Z L7z Uchimoto et al. (2011a,b) ®E7 )V % H
WTWA, ETIVHEEBUIERTEAY 136°E 75 179.5° W,

B, = MR, E#E N, AL IEBE

B 39° N A5 63.5°N (1) T, MEEIIHTIRIL
£ 0.5°THDH. SRE I 5L LU TG EE LM
FHED T m 2 H/|EL IV TO 1000 m F THEWIFIZA
o THLA LTS, #IWIEEEFNR TV RV, TEY
BAHETIE, WA T O IC X B EMEREGOMRE R
B 572012, SERHREEZRES LTS, TEY
B TIE, KERIC & & RS LT 500 cm?/s 12 L,
WA > THRE L LTWD, KiEHN 1500m LET
HIE, WHETIE 20cm?/s &b, ETIVIT RIS
ZAAHRET—5 THET L. ART — 5 1d OMIP
(Roske, 2001) O H PR EMEEZH VTS, £/, &
i Cilk N2 EYHWERILFEET VI LAY v o/ V=A%
mz72320/8y 7 hL—%— (POs, DOP, Fe) %
FHELCWwa, K& I MR 25 5T T
WOAOL (Conkright et al, 2002) O&MEAEIZFEN L, #
2RISR R 2> 5 31+ TIREE 7T Vo IELIC
AL CWa, £72, 2000 m DAEEC/KIR & 355 %, T
T % 2121 WOAOL O MEMEICHEM L T 5
PO (X3EF 5 #F T WOA09 (Garcia et al, 2010) {2
DOP {2 012, Fe (FEMMERL Y I 2 b —2 a VR
(Takata et al, 2005; Nishioka et al, 2007; Takata et al,,
2008; Misumi et al., 2011; Nishioka et al, 2013) & #&(Z L
TR LT — 5 ICEAILTWwaE, ATy 7L L
T, WHETIVHEMT L6 FEIHEL T 5, KIZHERS
A HERILZEE TV EEE LT D

2.2 EYHEKMEZEETIV

AW ERL S E 7V I Parekh et al. (2005) OE TV
% N— 212 L7z (LLF Tld Parekh & 7 )L & IE5).
Parekh E7IVId#kB L OFEFEFEOMRFL L TY ~
DFMEEITH. VxR (POy) EEFAEE) ~
(DOP) O —ffii%, $hiZAEfEEk (DFe) DAL FIHT
L. BTV, SEMIZ2EICOANTBY, LExE
JEE LTwa, FEBEOMHEIIBW T, AlEOES
TR TSI L 5 TRZ LR ET IV TIE—HIZ
1BmEFTEENIEE LTS

FFV DA 7 NIIOWTHRRS (F2). Uitk
TAHREBENWIZFEEA T A & POy, DOP ENZENLLIT
DEINH D, 7272, BRI OWTIIWEET

BV YT M=% =L LTEHEEINLDT,

2IEEO TV,

dPO: _ i mys(D, @, @)+ Akt s s
L2 2 (o) SHRTE(D)
dDOP L)
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Figure 1 : Model region. The vertical section in Fig. 5 is along
the blue line. The red, green, blue and yellow regions denotes
NW, NC, NE and OT, respectively.
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Yo7z (FARIEA, 2012; Uchimoto et al, 2014). T 13
A5 30m OFEA T — )V CTIREMBMICHEL, #
SN (135m %) THEOM 1.1% &% 5. F 72
KAD BIFEIZIE, WKICK BIEELEE L, KOE
T Tb)

I'=a

Ir=(1—7rploexp (—«&hi) (3)

ELTWwa, HEAST — Ve tid 1.5em & L 72
(Perovich, 1998). % 72 7 v X F 7 1% Nihashi et al
(2011) 129ty HEKIE By 2% 20 cm i Tl 0.36, 20
cm L ETIZ0.7 & L7z
WIZEFH (DFe) OW A 7 VIZOWCRBRT 4. &R
ETFNVTIE, EWERSLHED TR E ) YDk
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Figure 2 : Schematic representation of the phosphorus cycle.
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(4) D HEWIE & HHY 3 I (1) O POs O XD HAD
HEZNZTNFELTHL., Thbh, POudNHEENS
L X1E DFe b —E DN Ree THE SN, AWM D5
fifC POs SEER, S 115 & &1d DFe & —ED 3 Rpe T
R ENS EMRELTWAD, Reeld0.47X107° & L 72
(Parekh et al,, 2005; Marchetti et al, 2006). A ¥ X
TR, BEERD ) BETEELL TW R W ERIZILBIT 5
BTERftshTwb, BHEHOELZLY—-RELT
1, RES A EEHERE 2 5 OBHAER b b7z
O, W IR - A%k G2 72 WY — A,
Mahowald et al. (2005) @ I 2L —3 3 v 2L b HF
Yoy A s 7r—% (3) 2HWw, YA MEROD 3.5%
HERT, A MDMEEICE D 5 LR TED 1% D3EH
T 5 ERELTWAD (WARIZA, 2012; Uchimoto et al,
2014). HEJEY — A1d, KR 300 m LR O HRE > 5 —
77 v 7 A lumolFem?d! THE X TwWa, k-7
WZET A= W26 KEICEDPHFE STV B8, 7

L= VIR CEEE LALTU RIS & T T v s &
%2 51 TCw5A (Boyle and Edmond, 1977: Shigemitsu et
al, 2013). T @7 &= VJIHROHITICTTEEMIIC 3517
DUWEY — ANZEENTW AL EHRL TS

(4)

3. YZab—yaviER

K4 1Z#IcBIT57HOPOLDOSAETHAH. WOA
DML NLFERIL, TEIEZHRATE A= 7
A E TP TIREDPRECERRLZETHL. Tk
b, Fk—r 7 #ED POsRIEIIME L %> TV D DIZH
L, KPFEMEHBEEAEIC 2> Twh, v Ialb—
Ta KR THL O LSHEHINTYS. F,
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Figure 3 : Dust deposition distribution from Mahowald et al. (2005)
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Figure 4 : The surface phosphate concentration in July in
WOAQ9 and the simulation.

IR % % AR LI BRI AN L A 8> TH D,
F A= 7 O KREEHE ) OfFE (Ohshima et al, 2004)
|2 & 5T DFe %4 & — 7 ifpdbif e SN Tnw s 2
EDTRIBES TS, SRERTE T, JbvubemiE (14
D L1 ~15) ThebDIEEDE < 26.8 00 & 27 09 DI %
BHANEEIIN TS TWL I EATRENTWES, ZTDE
TN BT DSW OFEIEH 26.900 & 00 & LTH
#i LT\ % (Uchimoto et al, 2011b) Z & 225, DFe %%
DSWIZHEENTWDL I EDURIEEND. ZORIZHS
% DFe ®O454i 1% Nishioka et al. (2013, 2014) O#ERHI &
FL—FHLTwE, W, AhlebRyIal—Tar
IZBWTIE, REY A MHIRD DFe 1213 & A EHEIC
EFGET, Bl o iR sk © DFe 78 DSW
D DFe BEA2HCLTWALI ENHREEINLTVD
(Uchimoto et al,, 2014).
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Figure 5 : The iron concentration on the 26.8 oy surface and
on the vertical section along the blue line in Figure 1. Numbers
on top of the vertical section correspond to those in Fig. 1.
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DSW IZHL Y A E 5 & v 41 (Nakatsuka et al,
2002) 12X, fERD S DSW OFEIREHK DS  AHLT
FEMI OHEFEW IR T2 b D EEZ LN TEL
(Nishioka et al., 2007). % L C Nishioka etal. (2014) ®
BUHINC & b, JEVEREME T DSW Ik it S hiTw b
ZEMHER SN Lo L, ALTHREEMS LA O R R
JEHR D8I DSW OEKIRIEIZEH G L2\ &) 7
BAEDLZAH XL bho T, 2 TEDIEEDS
DA DSW IZHLY A F A5G % 2% S 5 72 0 B fifl 25
Ziro 7z,

BEsEER L DFe v — A DAMNE, 2 BIZFLE L7244
iTo7:. DFe V— A% 5.2 %% k— v 7O (K
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Table 1 : Experimental cases and their sedimentary iron flux.
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Figure 6 : The iron concentration on the 26.8 gs surface of NW1(a), NC1(b), NE1(c), and OT1(d)from which

that of NoSed is subtracted.
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Figure 7 : The iron concentration in DSW vs the iron flux of
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Figure 8 : The difference of the iron concentration between(a) NW2 and NW1, (b)NW3 and NW2, (c)NW4

and NW3, and (d)NW5 and NW4.
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Figure 9 : The difference of the iron concentration between (a) NW201 and ALL1 and (b) ALL1 and NWO0O1.

1 ymolFe m2d' 12, NW DA 7T v 7 A% 2 umolFe
m?d! & L7z NW201, NW @& 0 umolFe m?d! & L7z
NWO0O1 & 4 #3842 T 1 pmolFe m2d™ 12 L7z ALL1 ®
DFe g D7 (M9) M 8b-d &Mz & %> T
5. 777 AL, DFe iRE NI THIZ B8 IN3
LD, AFANT Y TOERMLIZE L DEERDS
4. Misumietal (2011) @ Figure Alb IZ/R ST W
), REFVTHOZAF YN YV 7OERILT
13, DFe D) 7Y FiRE XDV +omd b, X
Fy N U7 DFe igEICHHBIT S, L7z o T,

DFe ipesgsv a1t SOX€ ~ —ppFe L ), DFe

dt
SRVIE, 5 b b Y — RIS 5 2 L2k s,

5. ¥&H

Parekh et al. (2005) @ £ ¥ KL € 7V %
Uchimoto et al. (2011a,b) DALFEEALATFEHEE TIVIH;
BFERETC, AFR—VI7BOBESMADOY I 2L —2arE
To72. Parekh ETFWIIIFFICHAM R ET IV TH 573,
MEHERE R D DFe & LT, 7K 300 m L& O
\2DFe V— A% 5-2 % 2 & T DSW it It 2 o i i
DFe 2Bl 45 2 LAV TE /2. ZOEIRE DFe &2
DU O MR K5 2 DD % ERT 5 720l
FERZAT o 7o BB FEERAE R A & ALV BRI AN i b
DSW @ DFe i ENDOFHF GRS W EAHEN S 7z,
F 72 JLEBREM I8 R L R DSW i i o S HERE B 0 5 @
DFe %5 L1%%. —75, AtEEEMIEEHE A5 O DFe
D DSW ~NDOFHAT/N S\,

HFE, Parekh E7°)V % Matsuda et al. (2015) o= fi#
BETIVIREE STy I 2L =Y a VIfESED O
TWwh, RETFINTIEEB SN VIO R % EEiRg

ET W7 5 TIEOWBLS DRI E R BB OHN )
Wfrans.

HiEE

ABZED FEh & AR AU 13 AL g R AR RL 2 f
SEFTEEFIE 70 7 g A D3R T 2T T

SE R

Boyle, E. A. and J. M. Edmond (1977) The mechanism of iron
removal in estuaries. Geochim. Cosmochim. Ac., 41, 1313-
1324.

Conkright, M. E., R. A. Locarnini, H. E. Garcia, T. D. O'Brien,
T. P. Boyer, C. Stephens and J. I. Antonov (2002) World
Ocean Atlas 2001. CD-ROM documentation, 17pp., Natl.
Oceanogr. Data Cent.,, Silver Spring, Md.

Fukamachi, Y., G. Mizuta, K. I. Ohshima, L. D. Talley, S. C.
Riser and M. Wakatsuchi (2004) Transport and modification
processes of dense shelf water revealed by longterm
moorings off Sakhalin in the Sea of Okhotsk. /. Geophys.
Res., 109, C09S10, doi: 10.1029/2003JC001906.

Garcia, H. E,, R. A. Locarnini, T. P. Boyer, J. I. Antonov, M. M.
Zweng, O. K. Baranova and D. R. Johnson (2010) World
Ocean Atlas 2009, Volume 4: Nutrients (phosphate, nitrate,
silicate). S. Levitus, Ed. NOAA Atlas NESDIS 71, U. S.
Government Printing Office, Washington, DC, 398pp.

Hasumi, H. (20060 CCSR ocean component model (COCO)
version 4.0. CCSR Report, 25, 103pp.

Kitani, K. (1973) An oceanographic study of the Okhotsk Sea:
particularly in regard to cold waters. Bull. Far Seas Fish.
Res. Lab, 9, 45-77.

Mahowald, N., A. Baker, G. Bergametti, N. Brooks, R. Duce, T.
Jickells, N. Kubilay, J. Prospero and I. Tegen (2005)
Atmospheric global dust cycle and iron inputs to the ocean.



1o P FE AN R~ 0 AU 103

Global Biogeochem. Cy. 19 (4), GB4025, doi: 10. 1029/
2004GB002402.

Marchetti, A, M. T. Maldonado, E. S. Lane, P. J. Harrison
(2006) Iron requirements of the pennate diatom
Pseudonitzschia: comparison of oceanic (high-nitrate,
lowchlorophyll waters) and coastal species. Limnol.
Oceanogr., 51(5), 2092-2101.

Matsuda, J., H. Mitsudera, T. Nakamura, K. Uchimoto, T.
Nakanowatari, N. Ebuchi (2009) Wind and buoyancy driven
intermediate-layer overturning in the Sea of Okhotsk. Deep
Sea Res., 56(9), 1401-1418.

Matsuda, J., H. Mitsudera, T. Nakamura, Y. Sasajima, H.
Hasumi and M. Wakatsuchi (2015) Overturning circulation
that ventilates the intermediate layer of the Sea of Okhotsk
and the North Pacific: The role of salinity advection. /.
Geophys. Res., 120(3), 1462-1489.

Misumi, K, D. Tsumune, Y. Yoshida, K. Uchimoto, T.
Nakamura, J. Nishioka, H. Mitsudera, F. O. Bryan, K.
Lindsay, J. K. Moore and S. C. Doney (2011) Mechanisms
controlling dissolved iron distribution in the North Pacific: a
model study. /. Geophys. Res., 116, G03005, doi: 10.
1029/2010JG001541.

Mizuta, G, Y. Fukamachi, K. I. Ohshima and M. Wakatsuchi
(2003) Structure and seasonal variability of the East
Sakhalin Current. /. Phys. Oceanogr., 33, 2430-2445.

Nakamura, T. and T. Awaji (2004) Tidally induced diapycnal
mixing in the Kuril Straits and its role in water
transformation and transport: a three-dimensional nonhy-
drostatic model experiment. /. Geophys. Res., 109, C09S07,
doi: 10.1029/2003]C001850.

Nakatsuka, T., C. Yoshikawa, M. Toda, K. Kawamura and M.
Wakatsuchi (2002) An extremely turbid intermediate
water in the Sea of Okhotsk: implication for the transport of
particulate organic matter in a seasonally ice-bound sea.
Geophys. Res. Lett., 29(16). doi: 10.1029/2001GL014029.

Nihashi, S, K. I. Ohshima and H. Nakasato (2011) Sea-ice
retreat in the Sea of Okhotsk and the ice-ocean albedo
feedback effect on it. /. Oceanogr., 67, 551-562, doi: 10.
1007/s10872-011-0056-x.

Nishioka, J., T. Ono, H. Saito, T. Nakatsuka, S. Takeda, T.
Yoshimura, K. Suzuki, K. Kuma, S. Nakabayashi, D.
Tsumune, H. Mitsudera, W. K. Johnson and A. Tsuda (2007)
Iron supply to the western subarctic Pacific: importance of
iron export from the Sea of Okhotsk. /. Geophys. Res., 112,
C10012, doi: 10.1029/2006JC004055.

Nishioka, J., T. Nakatsuka, Y. W. Watanabe, 1. Yasuda, K.
Kuma, H. Ogawa, N. Ebuchi, A. Scherbinin, Y. N. Volkov, T.
Shiraiwa and M. Wakatsuchi (2013) Intensive mixing along
an island chain controls oceanic biogeochemical cycles.
Global Biogeochem. Cy., 27, doi: 10.1002/gbc.20088.

Nishioka, J., T. Nakatsuka, K. Ono, Y. N. Volkov, A. Scherbinin
and T. Shiraiwa (2014) Quantitative evaluation of iron
transport processes in the Sea of Okhotsk. Progr.

Oceanogr., 126, 180-193, doi: 10.1016/j.pocean.2014.04.011.

Ohshima, K. I, D. Simizu, M. Itoh, G. Mizuta, Y. Fukamachi, S.
C. Riser and M. Wakatsuchi (2004) Sverdrup balance and
the cyclonic gyre in the Sea of Okhotsk. /. Oceanogr., 34,
513-525.

Parekh, P., M. J. Follows and E. A. Boyle (2005) Decoupling of
iron and phosphate in the global ocean. Global Biogeochem.
Cy., 19, GB2020. doi: 10.1029/2004GB002280.

Perovich, D. K. (1998) The optical properties of sea ice. In:
Lepparanta, M. (Ed.), Physics of Ice-covered Seas, vol. 1.
Helsinki University Press, 195-230pp.

Roske, F. (2001) An atlas of surface fluxes based on the
ECMWEF re-analysis-a climatological dataset to force global
ocean general circulation models. Max-Planck-Institut fur
Meteorologie Rep. 323, 31pp.

Shcherbina, A. Y., L. D. Talley and D. L. Rudnick (2003) Direct
observations of North Pacific ventilation: brine rejection in
the Okhotsk Sea. Science, 302, 1952-1955, doi: 10.1126/sci-
ence.1088692.

Shigemitsu, M., J. Nishioka, Y. W. Watanabe, Y. Yamanaka, T.
Nakatsuka and Y. N. Volkov (2013) Fe/Al ratios of
suspended particulate matter from intermediate water in
the Okhotsk Sea: implications for long-distance lateral
transport of particulate Fe. Mar. Chem., 157, 41-48.

Takata, H, K. Kuma, S. Iwade, Y. Isoda, H. Kuroda and T.
Senjyu (2005) Comparative vertical distributions of iron in
the Japan Sea, the Bering Sea, and the western North
Pacific Ocean. /. Geophys. Res., 110, C07004, doi: 10.1029/
2004JC002783.

Takata, H., K. Kuma, Y. Isoda, S. Otosaka, T. Senjyu and M.
Minagawa (2008) Iron in the Japan Sea and its implications
for the physical processes in deep water. Geophys. Res.
Lett., 35(2), L02606, doi: 10.1029/2007GL031794.

Tsuda, A, S. Takeda, H. Saito, J. Nishioka, Y. Nojiri, I. Kudo, H.
Kiyosawa, A. Shiomoto, K. Imai, T. Ono, A. Shimamoto, D.
Tsumune, T. Yoshimura, T. Aono, A. Hinuma, M. Kinugasa,
K. Suzuki, Y. Sohrin, Y. Noiri, H. Tani, Y. Deguchi, N.
Tsurushima, H. Ogawa, K. Fukami, K. Kuma and T. Saino
(2003) A mesoscale iron enrichment in the western
subarctic Pacific induces a large centric diatom bloom.
Science, 300(5621), 958-961.

Tsuda, A., S. Takeda, H. Saito, J. Nishioka, I. Kudo, Y. Nojiri, K.
Suzuki, M. Uematsu, M. L. Wells, D. Tsumune, T.
Yoshimura, T. Aono, T. Aramaki, W. P. Cochlan, M.
Hayakawa, K. Imai, T. Isada, Y. Iwamoto, W. K. Johnson, S.
Kameyama, S. Kato, H. Kiyosawa, Y. Kondo, M. Levasseur,
R. J. Machida, I. Nagao, F. Nakagawa, T. Nakanishi, S.
Nakatsuka, A. Narita, Y. Noiri, H. Obata, H. Ogawa, K.
Oguma, T. Ono, T. Sakuragi, M. Sasakawa, M. Sato, A.
Shimamoto, H. Takata, C. G. Trick, Y. W. Watanabe, C. S.
Wong and N. Yoshie (2007) Evidence for the grazing
hypothesis: grazing reduces phytoplankton responses of
the HNLC ecosystem to iron enrichment in the Western



104 WA 25, PR e, TR R =SF o BIE = AIRA, E#EE O OKEE, AL IRBE

Subarctic Pacific (SEEDS 1I). J. Oceanogr., 63, 983-994. PMARZESE, WIS, THRRRE, ZSRthde, ZMRIEL, @Rk
Uchimoto, K., T. Nakamura and H. Mitsudera (2011a) Tracing i (2012) A A=V 7 BEOHMERY I V- a >y, HT

dense shelf water in the Sea of Okhotsk with an ocean WEEE, 44, No9, 504-510.

circulation model. Hydrolog. Res. Lett., 5, 1-5, doi: 10.3178/ Uchimoto, K., T. Nakamura, J. Nishioka, H. Mitsudera, K.

hrl5.1. Misumi, D. Tsumune and M. Wakatsuchi (2014) Simulation
Uchimoto, K., T. Nakamura, J. Nishioka, H. Mitsudera, M. of high concentration of iron in dense shelf water in the

Yamamoto-Kawai, K. Misumi and D. Tsumune (2011b) Okhotsk Sea. Prog. Oceanogr., 126, 194-210.

Simulations of chlorofluorocarbons in and around the Sea of Yamamoto-Kawai, M., S. Watanabe, S. Tsunogai and M.

Okhotsk: effects of tidal mixing and brine rejection on the Wakatsuchi (2004) Chlorofluorocarbons in the Sea of

ventilation. /. Geophys. Res., 116, C02034, doi: 10.1029/ Okhotsk: Ventilation of the intermediate water. /. Geophys.

2010JC006487. Res., 109 (C9).



A 74 (2016)  105-114
doi: 10.14943/lowtemsci. 74. 105

FIR—Y I BICHBITDBKHENDD
EXDHHTIEIZE DEFEA

EAR B, mfE Y, S/ mE

TR TH 5 4 F—r 7 #ETIE, BEHICHER 7Z > 27 b ORISR 5. kEwg & A

W7o > s b UEEE DD Y ZWISPIZT H7201

2, WETAELRILC, W77 b row

HMEREWE TH H8IZEH L, K2 X 24 K — 2 7 ilERE~OSRAG B % 2 = 19 125l L 72,

A AR — Y 7 O E K UMK OBRIREE I,

KT OWERIZHAN TR &5, HiKIZEE

NOFRDOBARIR L % B Z LA b o7z WROEEIZH, JLE D 5 RO A% S b B
MEZ, BLE 1.2 M /D o7 WK 284668/, BROMRPRONE F -y 7
M IR D IR ISR E B G A T LMD D 5.

Iron supply processes associated with sea ice in the Sea of Okhotsk

Naoya Kanna', Jun Nishioka' and Takenobu Toyota'

In the Sea of Okhotsk, which is a seasonally covered with sea ice, the phytoplankton bloom starts after sea ice
retreat. In order to elucidate relation between the sea ice melting and phytoplankton growth, we quantitatively
evaluated the supply process of micro-nutrient, iron (Fe), associated with the sea ice melting to surface waters in the

Sea of Okhotsk. Our results showed that concentrations of Fe both in snow and sea ice were several times greater

than that in under-ice seawater. Therefore, it was revealed that sea ice is a potential source of Fe for supporting

phytoplankton growth in the Sea of Okhotsk. Based on the Fe measurements in snow and sea ice, we estimated the

amount of Fe transported from north to south via sea ice transport to be ~1.2 X 107kg yr*. The Fe introduced to

surface waters during the sea ice melting has great impact on primary production in the basin region of the Sea of

Okhotsk.
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Mb2WEMEREWE CH L. HARPIZHET TS
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N5 Z &h 5 (Morel and Price, 2003), Fe (Z#F# T d
ARELRTWIERTH L. HAFIIBWT, FerllZ
5 (), Eh72g (MHaE), ok His (ks
WAR) EEANMEE SN L O, G SN D Fe OILREIX
W77 > 7 b ICFIH R b DO TH L7 (Fe DA
WA 25023 52 LIk, Wi o IFEA E O
EWEHES 2L FTEETH L. F2IE, JRFFETSE
W N =) ¥ FEEEIE T, Fe ORI D v
72O, W7 T oo by olgiEsHIRETB Y, B
FCTHEF O EZRFIFEHE SNTITFRAF L T 51l
% (High-Nutrient Low-Chlorophyll #18) T& % (Tsuda
et al, 2003 : Boyd et al,, 2004 ; Aguilar-Islas et al., 2007).
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(Kasai et al, 2010 ; Nishioka et al,, 2014). DI & h 5,
TR = 7 MR STV B Fe oI, d6AREEETE
TN =) ¥ Z A R TE W 2 L PR
nas.

Fh—v 7R, 2 HTE2S 3 HOANI AT Tk
RS R L 2D, WD 50-90%H3 K TCELNLF
fifEki®©d 4 (Ohshima et al, 2006). 2L VH FEAE
DIFFERY) 2V IZB W TEEOMKDPEES N, AF0
E A=Y ERYNY) VIRIEIZIT, Wk E A
A= 7 #E~F):#7 % (Ohshima et al, 2001 ; Simizu et
al, 2014). HFEFIZHEEA S—Y ZilFTHONE TV — 4
X, WOKOBRERICEI 2200, 7T 7 b
v OGHIL, WOKORE R L TGRS D S L FE 2
5T\ % (Mustapha and Saitoh, 2008). Z i1 F Tifgk
1, RN EREAMUBES KM L, HEDUE A
NI e BERE 2 TR T 5 2 &L THY 77 > 7 b
Y OEIHIZE G- L T\wb EF 2 b1t T\W 7z (Sorokin and
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Motz AT, SRR AR MK X o
TALEB D LA ER S N D T LS ERICE ST
W27z (Sakamoto et al,, 2005 ; Hiwatari et al., 2008),
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FIA EHE SN TV LI REEDL D 5.
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L CRRLCE& 20 ) — Y Hili %, Wk2SBbH 5 =
SEOMEICCOETHAT L2 LIINEETH -7, i
KOFEIRT 7 4RI 572012, JHIBREORE VW4
BHOBEE (a79—, /7 a¥)%) 2T LLE)
HHIENFELRBEHTH S, WkOWH HLICMHEH L7
BEDSHEREPBO LN LEEI2E, Bz IEFs5 o8
IEHCTHRORBMAZH L Z & T, HROBEL R
TE5ZENHE SN TS (Lannuzel et al, 2006 ;
Aguilar-Islas et al, 2008). ARIFZEIZBNTH, T H—
7 WEOHEIKT OMESE  Fe, AlOSHTZWHEE T S
7o, MED 7 ) — Bl R L7z,

9, ARORERER, ST 2 Wi o BREE
®REEIATV, BRI S A, SATICE D —H O
B LT7I 07T AMNEITH 2 LT, GICES
F COHNET Fe OFELENRI LW &R L7
W2, KOZ ) — = TRIEOKE 21T o 72, kDT
oy 7 #EHIDOWT, Fe RN Al oA OREE 3472
W2, 27aAF)ReTA Ay 7 EHCOKEY Y T2
B otz INHOBEEOMEIZHE, WkEEE
GeL72Wa2IE, WH L@ 7)) — 2 2Hlo Th:
FTELEND L. D7D, TRk (LI, MQ K.
BRI % B S CTERD) 2 HWT, MkalE 2800 il
T HIYIS) BICEHT 28EH 1) BkisEsr0LT
IvIBIALT, 2 TAAEy Y, 3) Ja¥)icks
HYOLEFMAIT 72, Mlald, BE75 027 TH
HARUHEO MQ KK, 1) 75 3) OEATH 40
L7 MQKH D Fe RN Al OgEEZ/RLTWAD, MQ
KD Fe LN Al 1Z, EFWEIEERH (Model Z-2700,
Hitachi High-Tech) #HWTHa#r&i7-72. 53 v 7
BWrA 72 ANTMQIKZEHI D H - 723545121, BE7
Z v 7 EREERIZ, MQ KD Fe & ALIZBH S L2
. —F, TAAEy 27 aF )zl TMQKE
gLz (HI) B> 72) Bai2id, MQ KIS Fe
& Al OTHGDFED b7z,

WIS, WS L7722 T Iy 784 7R HWTHELEL
A2 EI2E 5T, TAAE Yy 2R/ axy »
SEUAERYREET LI ENEETH D H % TR
Ibix, 7aF Y TMQKEYIYVH L% ZoOJHH
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MQK A SRR =AY FEEE (mm)

10 (a) WKERZO ) T BRICHCZEED S OFHGD
SOREREAN. AEERICR 9B A CHIOK (MQ K. AR % SidG
TR 28D L (BIDHELY ), I L7 (Bl EL- 72)
MQ KD Fe, AlgEEZ RO/, 77 v 71%, ROUBEO
MQ KH D Fe, AlEEZRT. (b) KDOT ) —= 2 FH#AE
OMGEHER. 7 aF ) TMQKEWHY L, Z0fME T
RV I7EF AT THYR S 72K Eh o Fe, Al 2% Ko
7z BRI, T I v 78IS A TI2L o TMQ KL
72HI Y o2 & % 7Rk$. Kannaetal (2014) @ Fig. 1 X N
FEEIE.

DL @ WG O R, Fe:2.12nM, Al:4.02nM.
Figure 1 : Assessment of possible contamination during
processing of sea ice samples: (a) contamination from each
device, and (b) concentrations of Fe and Al in layers as a
function of distance from the surface of the Milli Q ice (MQ
ice) samples.

DL: limit of detection; the detection limit of a graphite furnace
atomic absorption spectrophotometric method was 2.12 nM
for Fe and 4.02 nM for Al

I IV I ATTHORY, £OHYETO
Fe & AlEEZRO7HERERL 05, HiliE, €7
Iy RS A TI2E o TMQKALSBRANIZHY B
JEETHY, MQKAH/ I F) Oflia 2 S NEKE I )
FTORISENIT ERELTVES. I F) OFEMEH S
MQ K ZMERH % &, KD EH D Fe & Al DREEEIZIRES
WAL, #3ErFHIBE, Fek AliZlZE A LHH
SN otz DEOWMENS, BRkELET Iy
78S A THCCHKROEME 3 FL LRI Z LT
Hhe% bR &, Fe KO ALt okl 2155 2 &8
WREE 2o 7z,

3. Zh—Y IEOBKICZENDBOREIS
¥

INFETIFEKIZBNT, WKICEENS Fe 2 E=
BYLZ BT L 72 Fp1x A7 <, 23V b (Granskog and
Virkanen, 2001) % X—1 » 7 #f (Aguilar-Islas et al,
2008), b (Tovar-sanchez et al, 2010) O—#Hid T
DTICIRON L. TREOMHHTIE, wihbikho
Fe EAEWI Lo fiE SN Twid. —7, Ah—v
7 TOREBNIRZZ 2. RETIE, MWt h—r s
WIZBITLE LMK, ATy (pKk-FORRMT

47N
»
D
46'N |
| Al
Q D
45°N .
44N {1 /g s
«/ L2 NWP
L2 ™) Holdaido -, Nl
142°E 144°E 146°E

NWP: North Western Pacific

ESC: East Sakhalin Current
B2 fEA ks — >y 7 B0 B EUEHREG S A% 2010
A, O 2011 F 2B L 22| s 27897, o 7'a y Mg,
80 m DK T DK %I L 72 St. 13 #7779, Kanna et al.
(2014) O Fig. 2 & b IngsiE
Figure 2 : Location of sampling stations for hydrographic
observations (St. 13, red colored plot) and basket observations
in the southern Sea of Okhotsk in 2010 (&) and in 2011 (O).

Rond s vy =~y MROK), KT OHEKT O Fe (K&
WAD ZEERICEHG L 72 RIZ oW Tl 5,

AE ORI, W ERRT OFOKKHAS 29 =] it
WAFIHALC, A= 7 i vk BHR < 90t L
72 (2). Wk Eo%H, ik, A7 vy ailkhig, Mk
OGRS 7 L— Y Thmb LINAry b EXY, F
FAEBE LGS, BREESFHEHIOR MV EZIZE=Z— )V
BRI L 72 (M 3). Y= — VIZERELL 72K I, Fe,
Al E E T 572012, KETA AE Y 7 THE
L7-t%, IRRFEBEICERE L7227 7 A 100 LT Ofiis 2
)=V T —=ANT, £I3I v 781 7% HwiokEm
DY) == T xRITol F, K, AT v v ik,
SIRCRRSE, JLEE0.2m D74V —TAHBLEA
IR & RS NI L7z, REFZE T, R A #EE
BHZEEND Fe KAl D S 5, pH<1.8 THEIFH 5
W% &AM Fe ROVAL L LCERLE. /2, A
HREHIEEND Fe ®H B, pH<1.8 THEIF ) A5
A Fe E LTERLA. B, ik, A7 vy 2wl
oL EN Fe LU ALIX, 0.5 M fifERAT & L72#
IO RE (Model Z-2700, Hitachi High-Tech) T4
Wi L7z IREOED 5 726 Fe looWw T, ZRAIER
DFEMZ L >C, pH<1.8 OEEMER L L THREFEL
%, ¥WM7 v E=7 AHBMEIRR, A¥T Y E=7 TpH
S2ICHMAEL, FL— T LN LI
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X3: /\7\’7 v b %ﬂﬂwt;ﬂﬂ?ﬂzm Bl N2y b B
O, FRIER LAV OE, WKk, AT v o, oKEEREK
PRI 72

Figure 3 : Photograph of basket sampling. Sea ice, overlying
snow, slush, and open surface water in the ice-covered area
(SWIC) were collected with a basket suspended by the ship’s
crane at each station.

(Obataetal, 1993) % I\ ToHAT L7z, KT OEKIZ
WD 2581 @ﬁ(%%ﬂﬁwﬂwk L7z, 1) KT ok
X, 777 —u—=7IEMT L2EREEEADSL =X
F UK EEE FHWIZERKICE T, KESOmM L Y5
2) WK MNZAETES 5 gk (LL#%, SWIC : open Surface
X, A F oEokEEH
WeERK OKEE 10m X D ERAK) 12z, NATy b ke
LOBEBRAKIZE 5T, HRISEFEELZMNS, KEOm
LR WKEEHE, FLE0.2um DT A VY —TH
WL 72 2@ a0 & R A BBUEHI 0 L 72 fk, ZRRIERR D
WM X - T, pH<1.8 OFRMEHEW & L THRAEL 72
pH 3.2 ICHME L 722 o ok o &AM Fe KO
BAEFe %, ¥ L — bA 7 A — L@somitik = H
WCoAT L7z

X412, EBA R — 7T E, ok, AT v a,
MK T DMK O Fe B2 R$ . MpokiE, FRFEFRAA
oF—4%%8 L12, FKk&WABFERKIZHHEL -
(Toyota et al, 2004, 2007). AFTIx, HFICXHT %
LNV, FoKE WK E ST k] % H
FEELTHWA, Mt R—Y 7 lOSE & kb o4
B Fe B, BB TARE— 20z R L72b 00,
WK T ORI TR o 72 £, &EHE
Fe LEff Fe & OREEMNG, #WKPIZHERET D Fe D
9EILL X, MTFORETHEZ L brol. —),
Fe OB &35 7% 0, Mok O F BRI (72721
TR LI ) 1L, KT ORI TR
ol (R5). TNHOFENS, HEFIILHEKORIF

Water in the Ice Covered-area)

B, PER O RE,

HHORE
20 B Fe (M) B¥FFe(mM)

0 500 1000 1500 2000 2500 0 50 100 150 200

X4:% (n=8), HK (n=10), #AREK (&0EME Fe,
n=42;: «:\T? Fe, n=36), 29 v 2 (n=6), WiokiFEE@K
(SWIC : open Surface Water in the Ice Covered-area) (4]
wEFe, n=7; % Fe, n=2) KOHKTO#K (80m,
St. 13 (K2 2MH) CTHK) oL EM Fe, B Fe i
fEIZ I, =7 — N — 1 3EHEFE% R T, Kanna et al
(2014) @ Fig. 5 & b g1k,

Figure 4 : The mean Fe concentrations in snow, snow ice,
seawater-origin ice, slush, and open surface water in the ice-
covered area (SWIC) at each station. The seawater sample
collected from a depth of 80 m was obtained at St. 13. Error
bar shows the standard deviation obtained at each sample.
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: BE
gX [T
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AFy¥a - ASvva )+
oo 0000 SWIC [EESEEEEEEESS
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M5:%F (n=8), {FK (NHy, n=9:NO3+NO2, POs SiO:,
n= 10), HEAGEEIEK (NHs, n=39 ; NOs+NO2, POs, SiOs,
n=41), A v =2 (NHs n=4:NOs+NOz PO SiOs,
n=>5), #EkEFEREK (SWIC : open Surface Water in the Ice
Covered-area) (n=13) KUK T O#EK (80m, St 13 (K
2ZM) CTRAK) o FERFBERE. HIXFEME T —
IN—IIEHEF% 7R3, Kannaetal. (2014) @ Fig. 4 X )
HE5IE.

Figure 5 : The mean macronutrients concentrations in snow,
snow ice, seawater-origin ice, slush, and open surface water in
the ice-covered area (SWIC) at each station. The seawater
sample collected from a depth of 80 m was obtained at St. 13.
Error bar shows the standard deviation obtained at each
sample.

K (DM, Biokk) I2XoT, Fh—r rilEEEoFE
SRR AN ENS (HLNIZITE A EELL )
— /T, FelfFldmoobhbe®zbNb,
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6: (a) St. Al L OKILE .

I mm

(b) St. A1l THEIL L 72k SUR o # 5.

B Kanna et al. (2014) @ Fig. 7 £ ) &5 IE.
Figure 6 : Photographs of sea ice area near St. A1 (a) and thick and thin ice
sections taken from the ice block samples (b).

4. BXPOIFKRE LBKORREREE DR

WK O LT ENE Fe DS, BB TR — 2% 554
AR L7ZZEHIZOWT, WKOREBEE»SEZ D, B
FEOWFRTH S St. Al (K2, K O EM Fe i
£ :33.6-152nM) &, MEDRRTH S St. A4 (42,
WK O T EYE Fe 1% © 233-1228 nM) 125 H L,
IKDIE S Lk ORE S E = T T L 72,

St. Al TERELL 72k ORI 7 2 7458, ik
DIFEZE9em L #E L, H—|@okETHR I Nz D
THole (M6). TR T O S LR~
BRI 7 IZER L2280k (Frazilice) &£ 2K (Snow
ice) THERL SN AALRIK (Granular ice) DH—JETH
D, WK OBTIFEN T RIS HEWIZE S LB HEIROK
(Columnar ice) 1R SN 7% h -7z (K 6). Frazilice i,
SAAME C, GREZ A D EELOB L WilHgc BT,
KON SN EKDIEETH A, St. AL, R
BHRIHE O P CEIRAR DI < (=7.9C), Frazilice
PERSNRTVERBETICh o2 LD E 2z oMb, i
IKROFER T T AR L7255, St AL JEATR.H
WKL, REBCHIK L2 IEH L Wik Th o7z &
RRNTE 5.

—77, St. A4 TERILL 72k OrER a3 7 &2 S~ 72 45 R,
WKOE XL 109cm £ TEL, 14 EOKENFED E
o TR SN2 DTH-o72 (7). F/kEKa 7o
A OShRE aE 7 R X 72 45 R Granular ice (89 cm) &

Columnarice (19 cm), K ¥ Granular ice 7*5 Columnar

{l

ice ~N\DERRE (1cm) THEIN, Z0EFLALN
Granular ice IZ &> THBD LN TV (M7). 26D
FERE, OKEEDSEE IR ) B2 2 8FE (Rafting) R0k
FL25E2e, 5D i %8 (Ridging) % & TR
CHRELZZERZRELTEY, o TStLAL TRLN
Toipok S I EEEPRKE S RE D 2 b hro/z. iff
KOERT 7R L7 5, St A4 TR SN
Wpkid, ALEBTHIK L, FEBAEE S N5 #EFE TR K
FLARBME WK TH 78R TE5. oo
FENL, WKFOETEN Fe iRED, HEH TR
— AR R LB O —2 & LT, kAR S
Gili R € DROBREREDE NPT INTWZZ EH°
EIFoN 5.

5. ZR—Y IiBODBKICESENZEROEEREDH
E

WK ~D Fe ONLY sAAIL, FOKEFE, ko7
T A ¥ LK T DMK & O3SHEEFE, T UK O Fi % 8%
BICHBELCREZ2LEZ NS, FlziX, KA A b
R KRB _E ORI k3 2 SRR O Fe 2, ik
HOT T4 NIRRT HEBCT M) ¥ A EOHEY
\ZHRT 2l EYRIE O Fe 25, #KNANILY A 1
AU REMEDER LT b (Lannuzel et al, 2010). &
BT, A=Y 7 lOWKPICEENS Fe OEHIC
DWTERD.

T, FLilpk, ATy oo Fe ikl LiEn ol
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7 (a) St. Ad FEOKNEE. (b) St. A4 THILL 72kl o 5
HoOFEHIE, Wk oy ZHOBEREZRLTEY, Ridgnglli->T320
Wk 70y 7055 ) B o722 EERIND. BERRIL, S S HEN
ENAHKEDOEEFR AR L TBY, Rafting 12X > T I3KOKENF) E2 >
-2 e AMEZ SN S, Kanna et al. (2014) @ Fig. 8 £ ) INEEA5IE.

Figure 7 : Photographs of sea ice area near St. A4 (a) and vertical profiles of
thick and thin ice sections taken from the ice core samples (b). Thick lines on
the right side of the thin section denote the boundaries of ice blocks, whereas
dotted lines are the estimated boundary layers of piled-up floes.

AR R X 8 IR Y. MK DA EE Fe & wIZ, F, WK, AT v ah & EE Fe LU Al

BAEFe ld, oL AEGHEPGEON Lo 7
(Spearman'’s rank correlation, p>0.2). —7, kA ®
FEREEEEE (7L, TrED AR 3,
Wt AERIEOMBE %R L7 (Spearman’s rank cor-
relation, p<<0.01) (K 9). TIN5 D#EFIE, kb oF
BRBRORIE & LT, BIMEADPEZZ5NLDITH L
Fe oigji L LC, #KRIINDZDMOFGHRE N
EERRIBEL TV, Thbb, #KICEHEENL RERE
ik, FOKIOBEORE KT L Tk S8t s
DR L, Fe BN O Z 0oz X - T,
KA SN D LT & 5.

R (nM) OBfRE AR A 10a 1RSIk
BT b AllX, Fe LFEERIZHIIIKRL 7 0L OKREA
Bk /v L CUlENRAT 4. Fe L3220, AlldAE
WZIZ & A EFIH SN W20, #iKPO Fe & AlO
L, SEWiIE o Fe & ilFEAWEIED Fe 2 #5175
ECRWBEL 25, Wokbh O EEFe X, AlLH
B2 IEOAB (Spearman'se=0.88, p<0.01) Z/R~ L7z
Z &b, Fe (BEICHTRE®D Fe) 1, #kiEd 513
IKOBREREIZ Al & [ UARRE Cliok P~ A 72
EATRIBE NIz BB, FAR—Y 7 #EOHKIZETN
BHRFZILIE0.22,um DT 4V F — IR L, B
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Figure 8 : Concentrations of total dissolvable Fe and dissolved
Fe as a function of salinity in all samples. The Spearman’s
rank correlation coefficient (o) was applied to test significant
relationship between Fe and salinity in sea ice.
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9: 5, Wk (FK, WAGRREIK), AT vy ahoFEER
PRI LR O MR, MoK O T EREIE (72720 NHux
B <) R, Wt EEREOHBEZRYT (WIFNL AR
JK#E p<0.01 T, NOs+NOs: Spearman’s 0=0.69 : PO :

Spearman’s 0=0.68 ; SiOz : Spearman’s 0=0.78). Kanna et
al. (2014) @ Fig. 6 £ D IN&A51E.

Figure 9 : Macro-nutrient concentrations as a function of
salinity in all samples. The Spearman’s rank correlation
coefficient (o) was applied to test significant relationship
between macro-nutrient and salinity in sea ice.

WEEE AT 72k T D Fe & Al %, FEEET I X~
B & 4> M &t (Thermo Fisher ELEMENT 2, Bremen,
Germany) TH#T L7z, KTFH D Fe & Al &= (nmol)
ORRER 10b IR, WKICEENLHTFH D Fe &
Alo7 vy M, KEE#REH O Fe/Al tt :0.30 (Taylor
and Mclennan, 1985) K OF, dbEBA & — v 7 ifE K Rem I
R R H O Fe/Al 1 0.18-0.35 (Shigemitsu et al,
2013) OFEHTHAA T HMEMIZH o7z, (o> T, MHKIZ
“ZEND Feld, FIZHWERORGS A R KEM L
DD ICHKT B LEZ SN

(a) (b)
5000 15
OWE
_ 4000 a . &
E 3000 ABxk =l /
@ 2000 e
- &8 i omkEEk &
4 1000 8 A
o +ATy¥a ey
0 3000 6000 9000 12000 o 0'/‘ 10 20 30 P
20 FHAl (M) Al (nmol)
10: (a) &, Wk (FK, WAGRIEK), ATy vadhosg
A Fe BEEE & 0T E AL EE O B4R, ok o 0] %
Tk Fe e FE 1L, W@ AlRELAEREOMB 2/RT

(Spearman's p=0.88, »<0.01). Kannaetal. (2014) ® Fig.
10 X W InEEBIE. (b) #WKICEENLRFHO Fe & Al &
i (mol) DR, KBEHET D Fe/Al H :0.30 (Taylor and
Mclennan, 1985) #1H X 12 & - 72 EM& 2 R4, L34 HR—
7 W REER SRR rh o Fe/Al 1 :0.18-0.35 (Shigemitsu
et al, 2013) @ LEBRfE & FHRAEZ N EAUE X2 & - 72 1EA
% B TR

Figure 10 : (a) Total dissolvable Fe concentrations (nM)
plotted against total dissolvable Al in all samples. The
Spearman’s rank correlation coefficient (o) was applied to
test significant relationship between total dissolvable Fe and
total dissolvable Al in sea ice. (b) Fe contents (nmol) plotted
against Al from sea ice-derived particles of the Okhotsk Sea.
The solid red line indicates the Earth’s crust (Taylor and
McLennan, 1985) ratios. The dashed black line indicates the
suspended particles ratios (lower and upper values) on the
northwestern continental shelf of the Okhotsk Sea
(Shigemitsu et al,, 2013).

WIS, WIKIZHD A E N B KRGS A MHIRD Fe D%
HizowTEz 4. T2T, KA AMIERIZL-T
MoK ENiEE L ek o &), £F0M, ok b
HFHINTVD LD EES S, Bt k—r 7ilEDEH
RO ETENE Fe 1B 0 1234 +£1042 nM 1, KGR JFIK
DETENE Fe B 0 720783 nM & RIREOMEE /R L
722 & H» 5 (Wilcoxon rank-sum test, p>0.1), FEFIZ
& o Tk b~ Fe 23 maS Lz @8 b £72, kb o
Fe il HOAEKND—DOTHIHEEZOND, 2
T, MHA R =Y 7T 2L %5725 LR EK
HOETEME Fe DS, pKIZHIUY ;A Z 5 FHIR
D Fe OFG- 2% L7z, BRI AOHR T, Hho
EEN Fe IBENR O EP-72St AdICERL, 5,
WEAGENOK P O &AM Fe g (5 3536 nM, {7k
YK 1 1207-1228 nM), Bi¥5 CTHUH L 72K B EE 879 kg
m>® EEKES 1109 cm KU, F A=Y 7 #EOHIKFIZ
WHAENLEOEMWKIIH T HESDHIE (Mass
fraction) : 1-2% (Toyotaetal, 2007) % T, #EkH
ICEENLHFHKD Fe DF 552 5.86.0% LidH L
7o 2B, MEA RV 7 OE, WAGEFKF D4
AN Fe iIBEOF39ME, Toyotaetal (2007) 2L 5T
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BRI C ety S IS PIK B, PIKE S, K
¥ Mass fraction = W CRET 5 <‘: WoKkFIZE TN
HEHRD Fe DFGEIZ1.7-3.4%E %D, INHOD
MREEZERT DL, KD IAEND Fe D) b,
m%,ﬁofkﬁﬁxbm%ermmﬁuméw_t
WEZHND.

PERFTEDDE A=Y 7ilEOHEKIIEETNS
Fe (FIHFRED Fe) O EZ R RIE, #OKIIZHEER
IKAFZELY A F 7B EOHEREMHI R O Fe TH % 2
EAVRIE STz

6. EAERAIR—"Y JBADBKENEICH DB
XS

M4 R =2 7l THL N E o 72 L KT O Fe
DS, HEKIZK - T A=Y 7 EOILHH 5
Bk ENb Fe dmaiE Lz Mt —y 27D
F, KO ENE Fe g 0 740199 nM (Mean =
95% Confidence level), K UMb 53 BETHAED S/
HEklEE 0 3.020.9x10M m3 (Simizu et al, 2014) %
VT, MkIZ & % Felfikm%, ~1.2x107kgyr '&
RFEDL o7z WKIZK D Fe k&1L, %o Fe
ORI L H /NS ) OWEEMED D 5 285, dbiE 52
FECRED bN7eT7 A=W OB A 2T 12N »
W2 L HHREND Fe Olikw9.0x10kg yr!
(Nishioka et al,, 2014) & IART 34+ —F—FEholz. &
52, BEA R = 7l THERE S NICRKKD 7 T v 7
Z i ~Imyr ! (BAZHEFEYS720) (Nihashietal, 2012)
T HWT, Wpkd O EE~MR S L Fe 77 v 7
A%, ~T740 umol m2yrt& RAED o7z, WkD 5D Fe
77w 7 AL, TEALATETHRE SN REY A e
LMD Fe 75y 7 A :267-929 pmolm?yr! (Fungetal,
2000 ; Measures et al,, 2005) (ZVLET % b DTH V)
KiE, BUFEHIOEHIRT, KRS A b OFRMEE fﬁ
§ % Fe ®maRFMUHET 2 L E 2 5N,

F A=Y ZHEIZBWT, WK% Fe Ok
X, 7A—WIINOREL ST 2R N VlERIC L S
Fe Qi@ IR TRE L, 2K Fe o
G E I, FEEALARFEIC BT 2 KA S A MHED Fe
@ﬁf‘ﬁfﬁffz‘i CIEHLT 5 b DO TH o7z KWFZE SH S
e T o 72 HEKIZ L D Fe Offink & AR EREIL, 4 K-
YV I BOIEEEFEICRE BB 52 T L REDN D
. FEBEIEESRO—E O ) 7 TIE, Fe O EHHE
W77 b CHEHOHEER & %25 2 L HHE SN T
W5 (Yoshimura et al, 2010 : Sugie et al., 2013 ; Suzuki

R ]

M, BH HUE

et al, 2014). AZFEOWIKIRAHE L ENZITILRT % H
RS 2D 00, WEE TR 4 lkaliEafi:, H
A S EEN 2SN Fe #1395 2 L 120% 57D
HKELIGEORY 75 7 b v OWMISICEREETH DL L& 2
bNb.

7. BHDIC

WK SB b B 4 R — 2 7 iFRE~D Fe O ftAG 8
&, BIROZAIIKH L TREEZ 2R T 00 TH .
FAR— 7 EOHKA KR, Z 2 BH4E RIS
H5HZENEME N TS (Nakanowatari et al., 2007).
F7220154E0 2 A T, 45— 7 #EORKHEEK
WG 2S 2014 4 % TOPARE 2 KIGICTE D, "7
AT 1971 FFISHEET & BgA L CLIR, @i watik L 7.

F A=y 7 WEOWKERDPIE S &, HBIKIZKL D Fe
EHEREDS TR L, WIS D Fe &= A4 3 % W HE

WDH 5. ZORE, +h—v 7 BOWEEEE, LR
PRI N =) VA EFR L L )12, Fed
RNRIZE VR T F > 7 b 2 O Z 6 L7z
i, ¥ 7% b H HNLC (High-Nutrient Low-Chlorophyll
regions) WL > TLEH TV FEEZLND.

DX, WKL S Fe offidBiRE, WHA T —
VTEILYAFIv 7 R#EIETH Y, Ho TlpkIEm
FORFLE F - RINLENL, ERBAO Fe ffifi=
AL S, BISGEEED Fe 58D % AW HiERAL 4758
BICKEREEL G2 ChLWRERH 5. 51k, ik
WAL D R RO, AWRBEOZALE T 5
T, WK X D HEFERBAD Fe Ok & G EAR 2B
FTHHANE, SO ZOEZEENEHELLEEZZIONS.

E I

AWFZE DI & ARE O BRI 13 b 5 AR IR R
itk RIFH 70 75 L OXEE 2T 7.
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Development of a high-resolution ocean model around Hokkaido
~To evaluate effects of the Okhotsk Sea on ecosystem in the North Pacific~

Hiroshi Kuroda'? Yuko Toya', Taku Wagawa®, Akira Kuwata' and Takashi Setou®

A triply-nested 1/50-degree high-resolution ocean model around Hokkaido was developed, which is capable of
resolving submesoscale variability. Our final goal is to quantitatively evaluate effects of the Okhotsk Sea on lower-
trophic ecosystem (i.e., food conditions of fish) in the Northwestern Pacific by developing the high-resolution ocean
model coupled with an appropriate ecosystem model. In this report, we conducted a hindcast experiment during
2003-2011 using the high-resolution ocean model. Simulated results were demonstrated with a special focus on the
Coastal Oyashio Water distributed in the Northwestern Pacific, which originated from the northwestern part of the
Okhotsk Sea during winter to spring. In addition, we discussed relationships between the Coastal Oyashio Water and

phytoplankton spring bloom in the Northwestern Pacific.

Several essences were then summarized to appropriately

simulate lower-trophic ecosystem around Hokkaido in near future.

-7 — K EEEEREEET) 7, ROMS, ifEHEK, HET IV — L4
High-resolution ocean modeling, ROMS, Coastal Oyashio Water, spring bloom
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1. [FUSHIC

el X o ORIl (HAME +k—> 7i) &K
FHEOZOOWHTICHEINTE Y, TSI
I CAE S AL, FHAICEE R KIFT & THuiE L
(BRI 3E S ) NV ol D W b 7351 3 B TA N s Y SRS
WitiE, HARWOX BEGR, 48— 7iE0RA RS
TR, RPHEOR B RCHEBERR 2 ETH D,
INOIFEELGFICRTEN L2 RN L0 ERRE (6
I, 1984) O HLTw5. T, KFEREMIC
VAL VU JE T A 3R OV B2 T C b 5 Bl 25T
~NEET S (Qiu, 2001). ZNZ IO L EERE 7 F 5
LE#)d b\ Idkkx I AT — VOZE)ZRL (eg, T
% - W+, 2002 ; Ebuchi et al, 2009 ; Fukamachi et al,
2008 ; Ebuchi, 2006 ; HTF &, 2009 ; P &, 2003 ; Rosa
et al, 2007 ; Kono and Kawasaki, 1997), Z42& & %2\
ER ~ BEAN AR O KIS LR & CLHT S (eg, 18
¥H 6, 2008 ; Tto and Ohshima, 2000 ; #%H &, 2003 ; Rosa
et al, 2007).

RPREE RIS E H 32 &, EIZ, ZO0R%R
LIRS T A, —DIFE~FKFIIHAT 5
TRABRKOEEKTH ), HARENS I K= 72
A U725 ARG S & & IR SN h 6 K
TSRS 2. b ) —DR3A~FF 0T i EHEH
KTH L. BRI ER N - THEET %
BRI X o TT T mICEE S, BRI R 72
FTIE 7, ERTREMAEE, HEE, A, ER
gk, =FEmZ &, HERA WEPHIC A S 2 L
HENTwb (Nakayama et al, 2010 ; Rosa et al,, 2007 ;
KA+, 19715 K4, 1987 ; Hanawa and Mitsudera, 1987).
NEBEK ORI RE TR L TEmB I N, K&
(1971) 13A~FFOWKENIZ HBLT 2 KiE 2CUT,
143 33 LT /KB 2 iy bk (KR4 (1971) T TR
FEK]) EEFL, REFRITR S — iR EBEIK DR
BELTHwbNRTWS, F7z, inEHEKOKIRES
IO ZN L) HREERIETH 0, W CFEI 556
THREKE D SEHETH L. HIE, HEREKok
BiEZoZz 6Ty, K& (1971) (34 h—v 7iff
DUEIKET 727K GEKkAK) THhLRetEzfEmL, —
73, BEH S (2003) (3 HREERMEA K IC Z O & K> T
W5, BRI O—BIZIE T & — VOGRS &
FNTHBH (Mizutaetal, 2003), HUEEKMETAKDINTRH
KO TEELRIETH LG, 1—F v T KBE~F k-
V7 W~ IR R O 7 SRR — i - RERS A Y AT
A E ST ERIAKIIEELZRE 25133 TH 5.

th, ZH %, WEE R

I RBLHK SR RER PSR 125 2 2 I A4 T
Ho. FITBRIZE I, IBEBEAKIZ=EEMICS 5570
T2 EHHY (Ogumaetal, 2002), 1974 45, 1984 4F,
2006 FF LTI EBE KRS =ZBIGRICE TRALLZZ L
T, BH K (BRI &38R S 272 (B, 2006).
BEZOMTIE, REGAKPEMMG & =Moo T A
AEQREDPEL DI EPHMOLNTBY, IhFEEE
WX LTI BAOREEL RIFT I VDD, T2, InEH
KR K 9 2 i 2 EOK IR, A OB L CE
G52 20 b ¥ 7 ISP RBEDHF D R DWW TR
ZOMARZIT S5 W REMED i S vTw 2 (A,
2011). —7, HEEWKIERRICIRY 71 7R
BGRBIEY DL, L~BFINEBHKHIEKE
AT DI ETHEFOEETNV—LDY —A LKL
5% 1 (Shinadaetal, 1999a), 7z, (K& 2G5
WK DSEKE QWA G2 b S ¢ 5 2 L THET
V— O] &4 L % 5 REMEAER S LT\ % (Shinada
etal, 1999b). & 5612, INEHEKICIZES 22850
BASNEFENTE Y (Nishioka et al, 2011), Fi#ik |2
BULHWMT T 27 b DFEFTN— LB T D HE
A 2 T2 (Kono and Sato, 2010). BLERZE W
T8 IR IS B U CRE L2EF 7V — A1,
KEEDSHET 5 2 & T—H& T3 525, RimEEKTR
DEFHEIIEE L 2w EHH 5 (Nakayama et al,
2010). 2D LiE, BEETINV—LEOBEHBOER I
TR EBEIK DS, FOBOKIMEEBIEICB VT, %%
RS KRB L P - SREMICIRA T UL, B ~RE
WAOBFHOMIGIE L L THT 7V -2 %2 58ESE 5
KTy vERNALLTEY, BE~RAHIIBIT 5%
TN — L DI - MEFERE L0 L T O iRk A E
P E A R R H .

Z 2T, Frld, AR— 7P O L RER
RS HE R EEICFHEY 572012, dbifEE)Ed~
AL &2 W R & 5 SR REHEE T IV EREEL C, K
REERT TEEOLHETTVERELTYS. iR
BRI BT BT 572008 EET VIZW D
MHE SN TW5BHDY (e.g, Kono et al, 2004; Kuroda et al,
2006), BFE M, K Ha, DS CinERE
KO W 5 E A ZRICIWICFE ST L 72 E TV,
Sakamoto et al. (2010) OWIZEA KA TH L. W HIT L
Bk, AZRORPEFERMENISI S A= 7, S
T U 7oA BE 2 i Rk 235046 L, BRI 1
TNE D S EBEELKEP AT S LT, MR
DOMZKILDORIZNE Y ¥ — TR BERESTE S 1, B
AR E IR 2 S5 Vo v F TR - MRS
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N5, ZOBEERMBOKTEAT — i3 10km &5k <,
PEMI R | I P S 7B FUEE 7V CRBLT 572
WIZIE, 2km DT ORFEFIRPANTT RIZ R L. £ 2
T, 4%, SBITHIEIZBWT (Kuroda et al, 2014), €
TNV OACFRERE % 1/50° (F) 2km) (ZRRE L, S5
TN FED RESER 2 0 L, AbilERE B BT 5
Y EHESOBHBIIK L Twb, KTl
Kuroda et al. (2014) =7 v 77 L — F L 72 iR
HEETVIZOWTRAL, ¥ Iab— bk SNzinREE
KOGAG, ik, BEBAREREE#RE L, &EIC BE
BB D A IERKERERET) ¥ 7 O5BORE %D
L7z,

2. BFETILDERE

HEVEE 7 )L O H A% 1213 Rutgers KT O Regional
Ocean Modeling System (ROMS) % 4% L 7z (Haidvogel
et al, 2008). ROMS O i EJEFIIHIZ 121G - 72 S JEEE
% (e.g, Song and Haidvogel, 1994) TEZFSN, F72,
AP T AR S AR R CTER T 5 2 LR TH
%. ARWfFETIX, ROMS # HWC, HAM=EANTE
FNVEER L. Z2O0FFIVoOHEEIIE, JERFEEDIE
Eas, AL, At~ = BRSO e e &
IISRE SN, BEEE TN 1/2°, 1/10°, 1/50° T
HbH (1), HETNVTY I 2 b— by DilEELEI Ot
S, B, P R BEER E 2. 7o,
1/2° & 1/10° OEE T IVIEEALE TV RS S, i
T, R, BIKI - Hor7m 7 7 A ViR
SN, FEMLETIVIE, KikdEs$hE EOF #&E— F
PHWAZRITZESFEICEISWTB Y (Fujii and
Kamachi, 2003), 7 H¥ A 7 V- CETIVE & BUEED S
FRHTEAER £ 1, Increment Analysis Update (IAU)
(Bloom et al,, 1996) # > CHEATEASHESEE 7OV IZ [FAL
S (Kurodaetal,in prep.). ABf7ETIE, —#ED[FH
b7 0 A2 X0 AMEBAERL S L5 ) % [ PR AAT il
ISR b, 1/2°0 & 1100 HEE TV E FMLE T IV
SRR E N LM TFM Y AT 21 FRA-ROMS (55 -
At EMHINTE Y, 1 AMEBIFABT, TS
BB X 02 » HOPHIFERDERS L, b ETIidoK
FERETIZEL Y ¥ — D7 = 7 A M CHRK - Tl &
L CHikE AR S Tw 5 (http://fm.dc.affrc.go.jp/fra-
roms/index.html).

1/2° & 1/10° g€ 7V O FFMNIZ D T, Kuroda
etal. (2013) MBI N/, —DOEF ML, ARWfZET
HW7ooN—=2 3 »ClE, 1/2° & 1/10° T 7OV 2K

(a) 1/2-degree model

120° 140° 160° 180° -160° -140° -120° -100° -80°
(b)1/10-degree model

(c) 1/50-degree model
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Figure 1 : Model domain and bathymetry of (a) 1/2-, (b)

1/10- and (c) 1/50-degree models.

ETIPREEEINTWLE W ETHDE. D7D, 1/10°
WHEET VBT 54 K=y 7l =1 ¥ 7ifEOKIR
o, 30 H oo FgHEC SRS 1 72 H P KIRE 5
(World Ocean Atlas, 2001) (ZfEfI SN 5. fRE LT,
1/50° ¥ 7 )V O LA T B S il S p 4k — v
7 WOWHZEE D H 5, 30 HLL EORERHE 2 & DL
2 RN LRI R | B RE LC B T RETEATE .
WIZ, 1/50° MEEEE 7 IV OBHIZ OV TRtk § 5. 4
KRIAETFR IO EIL, Kurodaetal (2014) & Ak
ThHM, EFNVOEMMEERZ 1.5° 8 I3k L7z,
1/50° MEFEETIVDAY ¥ 7 v 7122w T Kuroda et
al. (2014) LR TH bV, SUMEFR 2SI (CORE
Normal Year Forcing) & #5541 (1/10° #eEE 7
VOTHAEAE > T v 7OR 3.4 HP3GHT)) T54EH
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ATy T Lz, AT v 7tk 2002 4E9 H~2011
F12A31 HECTHBHET 72012, MHIHEICIE, RY
YTy TRMEOSHERIA 1 HoOWI & v/, sk
JI2iE, JRA25 @ 6 P fE (IEPROEST, 1A
S EH) (Onogietal, 2007) &, GPV/MSM O f##T
i & FHEME A A G DR T REEOME (R,
XFUREE, MRS, FRKE, W AUE) (Saito et al, 2006)
L. 561, MIMmBERSEMHICIE, FRA-ROMS
D 1/10° HPHM@irEz A L7z, 3705, Mk
FUZB T, BIEW 4 hRUEZEE) 25 1/50° £ 7V &
T A I LIl D, AT, FMIEEET 4, P
D5 DRKAN = ERT 572012, BEEOFIRAT— 5
LK ET =5 2HWT, 1RAKROMIGE % 1K
RUSN DTN m\IRE T 5 FEeER L, dbiEEN 4
KA2H O HBNMIGEZH#HE L, Tz 1/50° it
T OHHESE R & 5.2 72, Y EOZFMIZE Y, 2002 4F
9 HUBEDBHEFTEIIRRIC 2 5.

UL, HEEM & & b1, 1/50° lEE T VA OH
BB O E % &5, 1/10° BT 2 nnr s 35
CEMbrot, O EIE, 1/50° HEETIVORE
IR N K L2721, IS 407219 Tl 1/50° i
FEE T IV O R BBZEB SHIE T & v 2 & 2RI
LTwa, 3%4bb, 1/10° BEFEICBWTIET—%
FALIC & O RGO E 7 S5 EENIBIE S TWw 5
Yoo, —75, WEHMRWHEECREBEEILL 2TV
BV TEBIET VBT 2 HBEZEE) O FLOR) A
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Figure 2 : Appearance frequency of the Coastal Oyashio
Water (a) from January to March, and (b) from April to
June. Appearance frequency of 0% is indicated by black
region for 5-minute grid cell and shaded region for 30-minute
grid cell. Three regions surrounded by dashed square are
referred as Hidaka Region (northwestern part), Doto Region
(northeastern part), and Tohoku Region (southern part).
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Figure 3 : Mean thickness of the Coastal Oyashio Water
within a water column (a) from January to March, and (b)
from April to June.
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Figure 4 : Mean salinity of the Coastal Oyashio Water within a
water column (a) from January to March, and (b) from April
to June.
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Figure 5 : Monthly appearance frequency of the Coastal
Oyashio Water (line graph) for Hidaka Region, (b) Doto
Region, and (c) Tohoku Region. White and dark gray bar
charts indicate number of all temperature-salinity profiles
and temperature-salinity profiles with the Coastal Oyashio
Water, respectively.
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Figure 6 : Mean profiles of (upper panels) salinity and (lower
panels) temperature in Doto Region. Mean profiles are
separately shown during (a, ¢) January-March and (b, d)
April-June. The vertical range of the black square means the
depth where the Coastal Oyashio Water is detected by mean
temperature-salinity profiles.
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March 2007.

%’EELE’HQEE’J IR 72O, —BlE LT, 2007 4F 3
HiZ (n)”i%ﬁuﬁﬂm@}%;@ﬁ#%ﬁﬂ%éb%ﬁa‘. v
Ialb—va o E, 2007 EOFFBIE, EfKE
B IRFFEANEH S % i BB K O it & 28 2003~2011
EORTIR/NTH-/2Z e THDH. F72, 2007 4 3~5
A2, ERMERE=5) v 7 GBRA 94 Y) OH
W Stn. A5 12B VT, OECOS-west 70 =7 | TH
I 73 Y AR R A TR 0 B FE AR AN B 2SS i S T B
) (Ikeda et al, 2010), BEMIED> & BEMISHE 7 H~DIF
FEBEK O EABIH S Tn b

540 A v ¥ 2 TRERTEAT L 72 2007 4 3 H 035 BIE
EhHE (A7), KEFEROBENMN (144°~146°E
40° 30" ~42° 30 N fif4) 12, 40 m LT O g = 5 Z'ﬁf]‘
MR T&5., XDFLIMEREZH LMD 720
20074 2H27TH~3H 23 HIZBITS 3 Elﬂ:@‘{n!?%ﬁ‘(ﬁﬁ
KOG 535 % 1/50° OFMEREETERT 5 (08). 21
27 H (M 8a) 128V T, K PEERMOREMIEIZ 3RK
150 m FROIE IR RFEIK DA L, £/, #EEMAS
B 40 m LT O @3 Wi BRI AR 040 LT
5. ZO3H#%, 3H2H (H8b) 2B\, HEEAH
SHE MU B IR BEIK O A IBNL 2 VR 2 ),
2R &0 I B K O K IR 4 R PR S R D LT T
5. &602, FMH (H8b), #EHIM 145° E, 42°30° N fix

F%ﬂ(ﬁﬂﬂ(k(tﬁ/\*@ﬁﬁﬁﬁl_ 253A Y A EAE 40 km

ﬁ@%ﬁ@bﬂ# mFﬁ%ﬁ%&é<@ﬁﬁ \ZHaE L
T, ZORFHE D IITKREICHEEL, 3H1I1H (X
8e) (ZIXEENRA (100 km ?33) B KX
WOIFRIZHT ) L HITKE <i¢é‘b:$ﬁi§’éﬂ6 mz

T, MEIZEE SN EBEKIE, 3 A 14 HULRE,



122 BH %, Fe FT, ;)

(0) 02 Mer 2007

h, ZH S, EE R

(©) 05 Mar 2007

45,

(d) 08 Mar, 2007

39 o

e .
p S g

141 142 143 144 145 146 147 148 141 142 143 144 145 146 147 148 141 142 143 144 145 146 147 148
(e) 11 Mar 2007

() 14 Mar 2007

L

rd

15,(9) 17 Mar. 2007

.
; q
4 N

141 142 143 144 145 146 147 148 141 142 143 144 145 146 147 148 141 142 143 144 145 146 147 148
h) 20 Mar. 2007

i) 23 Mar 2007

141 142 143 144 145 146 147 148 141 142 143 144 145 146 147 148 141 142 143 144 145 146 147 148

0 20 40 60 80 100 120 140 160 180 200 220 = ™

8:20074E 2 A 27 H~3 H 24 HIZBIF 2 IREHEKOBED A F v 7 a v b
Figure 8 : Snapshots of thickness of the Coastal Oyashio Water from 27 February 2007 to
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Figure 9 : 11-year mean Chl-a concentration in April of 2003~
2013 at the sea surface, derived from MODIS Aqua.

150°

A0 T A VIREOKRFET Y T A PRI EN D,
1/50° M 7V ORMEF 148 E 12 b, HiE ORIY
a2 T AN EREBEAKO BBEE &L ORISR T
VA, BEICOWTIE, IBEHEIKO HBUEE 0%
DOFEIRABUARTROFENALE L T b L) icaz (1
2), IRFBIEIKOGAA 7 0 a7 4 ViREORIL T > b
FAMIBEBRLTVE ZEEZHBEL T,

ZNTWE, fiflg, @227 vau 7 VIBEOGA L IRRE
BHAKOMBBFEEIIEBRTL2OTHA ) H? il
ERANCHES L, B TORET 7 V— 01, AFR
BREOIZEIC L D EHEANO KRG & BFOE
b EFEIC 2 A (Kasai et al, 1997). 29 L2 0%E
F&, Sasaietal (2007) 7% & OWHRKERRMESET
WIZHFAATFN TS, LAL, 9ITRT &) ek
FIZBILMWT T 27 b VREORFIL P T A ML
ELRBTER V. WBHEETIVOFBMEIRE L /2RME
DU REED D 5720, Ferld 1720 L 1/10° HEFEE TV
|2, Sasaietal (2007) &I[A#kD NPZD B 5 2Rk
A:RERE TV (Oschlies, 2001) # &AL C, SMEfEs+
W B ERYER L 72 (BES, 2015). LaoL,
A OFEBHERTH RIS, BIIZALND &9 %2
sUa0T7 A VEEOKFEIY M A MIFHTEY, Ik
PURTFHEDILCHF TR 2 EBELREFT TN — 408
HHEENTLE.

% ZC, #4113, Nishiokaetal. (2007) % Nishioka et
al. (2011) 23464 2 WK OERDOFFAEIZTER LT .
Nishioka et al. (2011) OBIHIFERICEDO &, T LT —
L8 (1 A) 2B 203K OB A SRR BB K

ZFNOR 2~5 LR ITE . Tabb, ik
TlEdH 205, INFEEIKO BIEEE DSATF SRR & B
LTW2OTHhIUL, ko MBEE (K4) &4
HofgRraa 7 4 Vg (M9) »#—83 52 L3k
BERTH L. INRBEKOHBUEE L3 AlIcikkE R 5
DT (K5), 1~3 BIZBT 2K ORI 72 L5
NiE, EFEIN—2DTVIAVTF4am s TehiT
CENTEDZDS LN\, 72, MBITRLAE) &
e 35 2> & A s o BB K o i %l AR 1
Nakayamaetal. (2010) »%EH L T4 [HlEic B
HEFETN— LNO—REEY T T 2R OEE S AN
ZAN] O—2k B0 ELIETTHDL. S5, HEE
HAAD DS, 4~6 H O EBIHIAK O VIR %% 53R EE (3
WiEO EioH LR (K6) 12, KIS, Rk
ARE L CEBN) (2R - BRI IR
L, AR BCTE» RIS b7z ) B A%
MEFFS 2 2 ESHRED D Ltz o,

29 Lzfka 0§ % EEMICEHET 2 72012, RO
Blg L L CIE, $k&F R L7 NPZD B0k £ RERE
7 (e.g, Fiechter et al, 2009) Z1ERK L, #FEETIVIC
WELTCY I A=)y 7352 ETHL. —DO8N
TIZWIF 2w &3, Nishiokaetal (2011) A%&##H L T
Wh X9, BEEOES T IV -2 LT, IBER
WIRZZTTId R L, F k= g TE KD S B it
MENLBOFLEDERIIRLIEITTHDL. ETVEH
WL =0 E LTIE, iEREKE 4 R— 7 ifEs
@55 OBMAG T B S 7 HET 5 2 LIdEEL W2 L
NS, E TN % FC UL TR 5 (2 R F2 Bk 75 ]
BB D), BFETIV— 20T 52NN 0%5 L1%E
WHLNZ 5000 Ltk —J)7, BAEOREIX, #
OWIMERCHAREZ LD L) ICERNIZEZ b0 L)
TETHL. WonBE,»SHET LR HddHi
12, W o0& EF VO (e.g, Moore et al,
2004) ZFHLCHET LI L LWEELD Ltaw, &
512, AR EARA AR 4 R — Y 7 I BT
LEDOBREY I 2L - a vy ETTICE/BLTEBY
(Uchimotoetal, 2014), Z 9 L725G17WigE133k 4« of5e
DRERERDLTHS .

A, BEOWS Z 5 2 T 7 b R R Ry
WFZERT O =R, HaATIR, TR, 15EA
K, WHARBRIZIG O, S E#E L £9. £72, ROMS
O BAERISEIIE, RMOKEMZEE R & > & —



124 BH # A 41, A

DORVFFATRI R Y AT 4 (79 A% —515H) 2/ L
F L7

BEHR

Bloom, S. C., L. L. Takacs, A. M. Da Silva and D. Ledvina (1996)
Data assimilation using incremental analysis updates. Mon.
Weather Rev., 124, 1256-1271.

Ebuchi, N. (2006) Seasonal and interannual variations in the
East Sakhalin Current revealed by TOPEX/POSEIDON
altimeter data. /. Oceanogr., 62, 171-183.

Ebuchi, N, Y. Fukamachi, K. I. Ohshima and M. Wakatsuchi
(2009) Subinertial and seasonal variations in the Soya Warm
Current revealed by HF ocean radars, coastal tide gauges,
and bottom-mounted ADCP. J. Oceanogr., 65, 31-43.

Fiechter, J., A. M. Moore, C. A. Edwards, K. W. Bruland, E. D.
Lorenzo, C. V. W. Lewis, T. M. Powell, E. N. Curchitser and
Kate Hedstrom (2009) Modeling iron limitation of primary
production in the coastal Gulf of Alaska. Deep Sea Research
Part II: Topical Studies in Oceanography, 56, 2503-2519.

Fujii, Y. and M. Kamachi (2003) Three-dimensional analysis of
temperature and salinity in the equatorial Pacific using a
variational method with vertical coupled temperature-
salinity empirical orthogonal function modes. /. Geophys.
Res., 108, doi:10.1029/2002JC001745.

Fukamachi, Y., I. Tanaka, K. I. Ohshima, N. Ebuchi, G. Mizuta,
H. Yoshida, S. Takayanagi and M. Wakatsuchi (2008)
Volume transport of the Soya Warm Current revealed by
bottom-mounted ADCP and ocean-radar measurement. /.
Oceanogr., 64, 385-392.

Haidvogel, D. B., H. Arango, W. P. Budgell, B. D. Cornuelle, E.
Curchitser, E. Di Lorenzo, K. Fennel, W. R. Geyer, A. J.
Hermann, L. Lanerolle, J. Levin, J. C. McWilliams, A. J.
Miller, A. M. Moore, T. M. Powell, A. F. Shchepetkin, C. R.
Sherwood, R. P. Signell, J. C. Warner and J. Wilkin (2008)
Ocean forecasting in terrain-following coordinates:
Formulation and skill assessment of the Regional Ocean
Modeling System. /. Comput. Phys., 227, 3595-3624.
Abk A HE (1984) IS Fioe. RmENsE / — b, 22, 67-
82.

Hanawa, K. and H. Mitsudera (1986) Variations of water
system distribution in the Sanriku coastal area. Journal of
Oceanography Soctety of Japan, 42, 435-446.

MeEE S, BRH &, RHEZEE KIE E (2008) dbiEETE
FEMNZ B B KRG LRy — v OZFEHEZAL. #EO
78, 17, 223-240.

Ikeda, T. A. Yamaguchi and C. B. Miller (2010) Oceanic
Ecosystems Comparison Subarctic-Pacific (OECOS): West.
Deep Sea Research Part II: Topical Studies in
Oceanography, 57, 1593-1594. doi:10.1016/j.dsr2.2010.03.
003

BRH S, BHE, BAEED, ARHEE (2003) i EHLIE O MR

th, ZH %, WEE R

Mk & T OFEZAL. IRIEIZE, 41, 5-12.

Ttoh, M. and K. I. Ohshima (2000) Seasonal variations of water
masses and sea level in the southwestern part of the
Okhotsk Sea. /. Oceanogr., 56, 643-654.

FIETEE (2006) 75 FIRMCEUI S N7 FERE KRB IS
WCL SRR L8 AR S T IR K SR SR B SR %ﬂ
(http: //www2. pref. iwate. jp/~hp5507/report/seika-h18/
18reisui-ito.pdf)

Kasai, H, H. Saito, A. Yoshimori and S. Taguchi (1997)
Variability in timing and magnitude of spring bloom in the
Oyashio region, the western subarctic Pacific off Hokkaido,
Japan. Fish. Oceanogr., 6, 118-129.

Kono, T. and Y. Kawasaki (1997) Results of CTD and mooring
observations southeast of Hokkaido. 1. Annual velocity and
transport variations in the Oyashio. Bulletin of Hokkaido
National Fisheries Research Institute, 61, 65-81.

Kono, T., M. Foreman, P. Chandler and M. Kashiwai (2004)
Coastal Oyashio south of Hokkaido, Japan. J. Phys.
Oceanogr., 34, 1477-1494.

Kono, T. and Sato, M. (2010) A mixing analysis of surface
water in the Oyashio region: Its implications and applica-
tion to variations of the spring bloom. Deep Sea Research
Part II: Topical Studies in Oceanography, 57, 1595-1607.

Kuroda, H., Y. Isoda, H. Takeoka and S. Honda (2006) Coastal
current on the eastern shelf of Hidaka Bay. /. Oceanogr., 62,
731-744.

Kuroda, H., D. Takahashi, H. Mitsudera, T. Azumaya and T.
Setou (2014) A preliminary study to understand the
transport process of the eggs and larvae of Japanese Pacific
walleye pollock Theragra chalcogramma using particle-
tracking experiments based on a high-resolution ocean
model. Fish. Sci., 80, 127-138.

HHE SEEHE L, TR, HEE (2015)
IS B 5 AR A TS OB & RAEE A
ﬁ R ERTIE, 53, 3-9.

TR, NEIESE, B, EUHIAME, NAESES JIIGEE
W, SFIIANE (2009) AbifEdE S AR R 3815 5 iff
PR OIS, oigE, 18, 135-156.

Mizuta, G., Y. Fukamachi, K. I. Ohshima and M. Wakatsuchi
(2003) Structure and seasonal variability of the East
Sakhalin Current. /. Phys. Oceanogr., 33, 2430-2445.

Moore, J. K., S. C. Doney and K. Lindsay (2004) Upper ocean
ecosystem dynamics and iron cycling in a global three-
dimensional model. Global. Biogeochem. Cy., 18, GB4028,
doi:10.1029/2004GB002220.

S, WP (2002) AbdRETE RSB 2 kIR
LV OB L OREREZAL. Ab il 37 K U i 7e
i+, 63, 1-8.

Nakayama, Y., K. Kuma, S. Fujita, K. Sugie and T. Ikeda (2010)
Temporal variability and bioavailability of iron and other
nutrients during the spring phytoplankton bloom in the
Oyashio region. Deep Sea Research Part II: Topical Studies
i Oceanography, 57, 1618-1629.



e ]

PEHEH, BN —E, Wb, A — SEEDT, R
A (2003) FEHEE A @B T ST EOFHEH - FREEL.
OWrFE, 12, 487-499.

Nishioka, J., T. Ono, H. Saito, T. Nakatsuka, S. Takeda, T.
Yoshimura, K. Suzuki, K. Kuma, S. Nakabayashi, D.
Tsumune, H. Mitsudera, W. K. Johnson and A. Tsuda (2007)
Iron input into the western subarctic Pacific, importance of
iron export from the Sea of Okhotsk, /. Geophys. Res., 112,
C10012, doi:10.1029/2006JC004055.

Nishioka, J., T. Ono, H. Saito, K. Sakaoka and T. Yoshimura
(2011) Oceanic iron supply mechanisms which support the
spring diatom bloom in the Oyashio region, western
subarctic Pacific. /. Geophys. Res., 116, C2021, doi:10.1029/
2010JC006321.

Oguma, S., T. Suzuki and Y. Nagata (2002) Seasonal variations
in the sea off Sanriku coast, Japan. /. Oceanogr., 58, 825—
835.

KaiEke (1971) BREOWRABOWZE 11 BAEICH
A R T AKOFE. LR RS KE ST R, 22,
58-66.

KA (1987) HRERTE S~ OB R OGA. L
ERFIRE ST gesER, 38, 209-220.

Onogi, K., J. Tsutsui, H. Koide, M. Sakamoto, S. Kobayashi, H.
Hatsushika, T. Matsumoto, N. Yamazaki, H. Kamahori, K.
Takahashi, S. Kadokura, K. Wada, K. Kato, R. Oyama, T.
Ose, N. Mannoji and R. Taira (2007) The JRA-25 reanalysis.
J. Meteorol. Soc. Jpn., 85, 369-432.

Oschlies, A. (2001) Model-derived estimates of new produc-
tion: new results point towards lower values. Deep Sea
Research Part II: Topical Studies in Oceanography, 48,
2173-2197.

Qiu, B. (2001) Kuroshio and Oyashio Currents. In
Encyclopedia of Ocean Sciences, Academic Press, 1413-
1425.

Rosa, L. A, Y. Isoda, K. Uehara and T. Aiki (2007) Seasonal
variations of water system Distribution and flow patterns
in the southern sea area of Hokkaido, Japan. /. Oceanogr,.
63, 573-588.

PR B TV 125

Sakamoto, K., H. Tsujino, S. Nishikawa, H. Nakano and T.
Motoi (2010) Dynamics of the Coastal Oyashio and its
seasonal variation in a high-resolution western North
Pacific ocean model. /. Phys. Oceanogr., 40, 1283-1301.

Saito, K., T. Fujita, Y. Yamada, J. Ishida, Y. Kumagai, K.
Aranami, S. Ohmori, R. Nagasawa, S. Kumagai, C. Muroi, T.
Kato, H. Eito and Y. Yamazaki (2006) The operational JMA
nonhydrostatic mesoscale model. Mon. Weather Rev., 134,
1266-1298.

Sasai, Y., K. Sasaoka, H. Sasaki and A. Ishida (2007) Seasonal
and intra-seasonal variability of chlorophyll-a in the North
Pacific: Model and satellite data. Journal of the Earth
Simulator, 8, 3-11.

Shinada, A. N. Shiga and S. Ban (1999a) Structure and
magnitude of diatom spring bloom in Funka Bay, south-
western Hokkaido, Japan, as influenced by the intrusion of
Coastal Oyashio Water. Plankton Biol. Ecol., 46, 24-29.

Shinada, A. N. Shiga and S. Ban (1999b) Origin of
Thalassiosira diatoms that cause the spring phytoplankton
bloom in Funka Bay, southwestern Hokkaido, Japan.
Plankton Biol. Ecol., 46, 89-93.

Song, Y. and D. B. Haidvogel (1994) A semi-implicit ocean
circulation model using a generalized topography-
following coordinate system. /. Comput. Phys., 115, 228~
244.

Uchimoto, K., T. Nakamura, J. Nishioka, H. Mitsudera, K.
Misumi, D. Tsumune and M. Wakatsuchi (2014) Simulation
of high concentration of iron in dense shelf water in the
Okhotsk Sea. Progr. Oceanogr., 126, 194-210.

von Storch, H, H. Langenberg and F. Feser (2000) A spectral
nudging technique for dynamical downscaling purposes.
Mon. Weather Rev., 128, 3664-3673.

Waldron, K. M., J. Paegle and J. D. Horel (1996) Sensitivity of a
spectrally filtered and nudged limited-area model to outer
model options. Mon. Weather Rev., 124, 52-547.

WA fAE (2011) P 23 41 i 58 B SR 37 ol A e RE R
# (http: //abchan. job. affrc. go. jp/hendou/gyosyu/1000/
1000H23.pdf)






A 74 (2016)  127-141
doi: 10.14943/lowtemsci. 74. 127

A R—Y 7:8EILKFFREKD
BWTFERAT—IVEEEZDANZX L

hEE RV, =F =X, BN JEY

F A= 7 IR FETBKOTE LY 2 v F L —Ya YIOREO—2 L LT, HLbZED
HEEWDERHE SN TN TH 5. FTE, JLAFEFRBAROIES 2 1960 £ 5 80 4E(LHI:1C
BEFLTWAZEPMESINTEY, ZOAEKFETH IR FHEILTOERREIE S O TAER & % 2
LN T&7: (Wongetal, 1999). bR IERIRO L WEIFH ClX, REESOMKTHHI SN TS
D, CORHETFFT L. — KT, dEKRFERREAROHLEE (1026.8 kg/m?) DKL EE R
WCdh LA R— 7 OB T — 5 ORI L S &, AL SEICEEL L TB Y, AT
FEDWHEFIETH. KRG T, FAR— 7L ACREEO PRI RSN S ZELA R 7 2 JH K
IZOWT, K - ST TV L A RITOMER ROV TRMNT 5.

Multi-decadal scale changes in the intermediate water mass in the Sea of Okhotsk
and North Pacific and their mechanisms

Takuya Nakanowatari', Humio Mitsudera® and Tomohiro Nakamura®

The Okhotsk Sea is a marginal sea located on the northwest rim of the Pacific Ocean, and is known to be the
ventilation source of North Pacific Intermediate Water (NPIW). It has recently been reported that there was a
significant freshening of NPIW salinity in the latter half of 20 th century (the water mass was cooled on its isopycnal
surfaces) (Wong et al., 1999). Several studies have indicated that freshening in the surface water of the subarctic North
Pacific and the Sea of Okhotsk occurs on a multidecadal timescale, implying that freshened source water could modify
NPIW. On the contrary, the potential temperature of intermediate water in the Sea of Okhotsk and the western
subarctic region increased significantly on 26.8-27.2 os isopycnals, which translated to a salinification signal on
isopycnal surfaces due to the surrounding T-S curve. In this paper, we present the recent numerical modeling studies
focusing on the causes of the multidecadal-scale changes observed in the intermediate water in the Sea of Okhotsk and
the North Pacific.
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W2 ZENIS DN Y (Nakanowatari et al, 2007) (]
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2014; Uehara et al, 2014) R i O AR T — ¥
(Kashiwase et al,, 2014) OFEMZEATAE R S 4 —r 7
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—HT, FHR=2 7O THIETH AT K
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oo DL O (a) BAFHESE (ml/D) & (b)Ki (T) @$ﬂ3
fill. (c)a#3: 1955 — 2004 4F- F TIZALATE AL TG TS
TR T — & 2 SRR S LW KR (27.0 0p D%
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VEIALE NS WAL ENEIVEIE M L v FORE S2%FIC
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T =5 B LR\ wiz /R & L 72, Nakanowatari et al.
(2007) & b hnge

Figure 1:Climatologies of (a) dissolved oxygen (ml/]) and (b)
potential temperature (C) at 26.8 ov. (c)Linear trends (colors
in C/50-yr) of potential temperature anomalies at 27.0 os
from 1955-2004. Large and small dots indicate grid boxes in
which the linear trend is significant at 95% and 90%
confidence levels, respectively. White color indicates the grid
boxes where yearly temperature anomalies are not available
for more than 10 years throughout the analyzed period (after
Nakanowatari et al., 2007).
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Figure 2 : Time series of the observed MSIE (sea ice area
averaged from February to March) (magenta bars) and
predicted MSIE by the multiple linear regression model using
autumn air temperature in the upwind area and surface
ocean temperature in the East Kamchatka Current (black
squares) from 1980 to 2014. Error bars indicate two standard
deviation uncertainties. Yellow line indicates the climatology
of MSIE (After Nakanowatari, 2010).
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Nakanowatari et al. (2015a) @ Fig. 2 X V) hn4g.

Figure 3 : Spatial pattern of change (psu) in the annually
averaged salinity from 1955-1976 to 1977-2004 at the core
density of NIW (26.8 o) for (a) observations and (b) model
simulation. Negative values indicate that potential tempera-
ture decreased from 1955-1976 to 1977-2004. The black grid-
box boundary in (a) indicate the region where the difference
is significant at the 95% confidence level. In (b), the region for
insignificant difference is marked by the cross hatching. The
boundaries of the western subtropical region (purple) and the
Sea of Okhotsk (green), for which area-averaged quantities
are displayed in Fig. 4, are indicated (After Nakanowatari et
al., 2015a).
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Figure 4 : Time series of annual mean salinity anomalies
(closed circles) at 26.8 os» averaged over (a) the western
subtropical North Pacific and (b) the Sea of Okhotsk
(rectangular regions denoted by purple and green lines in Fig.
2a) for: observations (circles); and model (solid line). A vertical
line represents a = 1 standard error of the annual mean of
the observation. In (b), open circles indicate the anomalies for
the area, in which the number of the data is very small
(Nakanowatari et al,, 2015a).
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Figure 5 : Cartoon for the temperature and salinity change of
water mass on isopycnal surfaces in the North Pacific under
the warming event in upper ocean. Blue and red lines indicate
the original and warmed T-S profile in the North Pacific,
respectively. Pink and orange lines indicate the observed
change in T-S profile and apparent change in T-S profile along
isopycnal surface, respectively. The warming signal is
translated to cooling and freshening signals along isopycnal
surface.
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Figure 6 : Time variations of the observed T-S curve
averaged over (a) the western subtropical North Pacific and
(b) the Sea of Okhotsk (rectangular regions denoted by
purple and green lines in Fig. 3a). Black and red circles denote
the past (1955-1976) and present (1977-2004) values on
isopycnal surfaces, respectively. The blue shading indicates
the density range of the salinity minimum core from 26.7 oo to
26.9 oy (After Nakanowatari et al.,, 2015a).
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Figure 7 : The mean state of annually averaged current
velocity (cm s?) at 26.8 o» from the model simulation: (a)
1955-1976, (b) 1977-2004, and (c) the difference of the mean
state between the latter (1977-2004) and former (1955-1976)
periods. In panel ¢, the blue and red shades indicate regions
where the negative and positive difference of the absolute
current speed is significant at the 95% confidence level,
respectively (After Nakanowatari, 2015a).
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Figure 8 : Time series of annually averaged Voa in the
rectangular region shown in Fig. 7c (red line) and salinity
anomalies in the MWR (40°-44° N, 145°-150° E) (black line) at
26.8 0». The positive anomaly of Vo means that the
southward transport of the Oyashio is strengthened relative
to the climatological value. Voya at 26.8 ov is calculated from
the meridional velocity and layer thickness defined as the
distance between +0.050¢ at the corresponding isopyncal
surface. Thick lines denote 7 year low-pass filtered data. Note
that salinity anomalies are shown on the axis of negative
upwards (After Nakanowatari, 2015a).
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Figure 9 : Regression maps of annually averaged (a, b) wind stress curl (N m™) and (c, d)
sea level pressure (hPa) in winter (left), and spring (right), onto the normalized time series of
annually averaged Voya at 26.8 oo with a 7 year low pass filter. In the left and right panels,
Voya leads the wind stress curl and sea level pressure fields by 0 and 3 years. The contour
intervalis 0.1 X107 N m™ and 0.3 hPa in the top and bottom panels, respectively. The red
and blue shading indicates regions where the positive and negative correlation is significant
at the 90% confidence level, respectively (After Nakanowatari et al., 2015a).
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Figure 10 : Schematic of the freshening processes at the
salinity minimum density of NPIW, driven by the 1976/77
regime shift in the wind stress (the strength of Aleutian low).
Blue and red broken lines indicate the Oyashio front and
Kuroshio Extension. Light green area indicates the MWR
(After Nakanowatari et al., 2015a).
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Figure 11 : The spatial distribution of linear trend (C/30
years) in the annually-averaged potential temperature at 27.0
oo in the hindcast experiment from 1980 to 2008. The white-
colored regions represent water that is lighter than the
corresponding density. The contour indicates the regions
where the linear trend is significant at 90% confidence level.
The significance of the linear trend estimate is based on a
Student’s ¢ distribution (After Nakanowatari et al., 2015b).
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Figure 12 : Time series of the annual mean of potential
temperature anomalies averaged over (a) the Okhotsk Sea
(Region A) and (b) the western subarctic North Pacific
(Region B), at 27.0 ov for the observed (closed circles and gray
line) and hindcast data (red line). Linear regressions of the
annual time series are indicated by dashed lines (After
Nakanowatari et al., 2015b).

IS DZAIE A k= 7P EKIREZ T S 1EH %
FioTw/z (K 13c). RIS OKEFERT— & THHN
7o KRR L C b RO BT 2 7o 72 & &
%, KIROMTIZ DSW Ok m A4 2 2 &2k o
TKFVERT T v 7 ZADPRDPAT 52 & EFRL T
LT EDbhotz (KRET).

DSW OFER®IL, LAFOWHEHIC L > TEK S
NBMKkO®E (Tbh, WARRICHH S5 w)
EEDEFICE o TkED., 22T, Bl 7I v 7
ALWKT T v 7 ADREFEER BT B4 F—r 7 il
PEREMI\Z 51T 2 ik A i s & TR 3 D 2L & T A
7o, ZOREE, BLRET T v 7 ADKEERIZBIT
KEFEEIL 1205 3 BIZBWTHFIZED L Twiz
(X 15a). F7z, BB T T v 7 ADZALIZHT 5 K4
REFZOFELG WS, FIKROEFIZE ST



136

ThERE dht, =% ORI PR AR

60N
55N
50N
45N

60N
55N
SON
45N

40N 40N
140E 150E 160E 170E 180 140E 150E 160E 170E 180
(c) WSTR (d) Residual

60N 60N

55N 55N

50N 50N

45N 45N

40N 40N

140E 150E 160E 170E 180

140E 150E 160E 170E 180

I | [
-0.6 —0.5 -0.4 0.3 -0.2-0.1 0.1 0.2 0.3 0.4 05 0.6

13: QERAT T v 7 A, D)ikKk7T v 27 A, ()iUt), L TWd)ZNLIDRE
sl GRS 7% &) 12 & o THEE) S 7= BB SEER T & L7z W gk @ 1980 4F 20 5
2008 4E F ToZAbfEm (T/30 yr) DZEH 546, Nakanowatari et al. (2015b) @ Fig. 10 X
n.

Figure 13 : Linear trends (C /30 yrs, in colors) in annually-averaged potential temperature
at 27.0 ov, calculated from the (a) HEAT, (b) WSTR, (c) WFLX experiments, and (d) the
residual component (the hindcast minus the sum of the HEAT, WSTR, and WFLX
experiments). The white regions represent areas where water is lighter than 27.0 os (After

Nakanowatari et al., 2015b).
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Figure 14 : Lag -1 yr regression maps of annually-averaged
heat fluxes (vectors, units are in C/m3/yr) and their
convergence (shades with positive values, units are in C/yr)
by large-scale flow onto the potential temperature at 27.0 oo
averaged over the western part of the Okhotsk Sea (Region
A), calculated from (a) the HEAT and (b) WFLX experi-
ments. The vertical component of the heat flux is not shown
(After Nakanowatari et al., 2015b).
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Figure 15 : (a) Linear trends (x10" m3/30years) in the
annual and monthly sea ice production in the: HEAT (grey
bars); HEAT-T (red circles); HEAT-Q (blue triangles); and
HEAT-W (green squares) experiments. Sea ice production is
integrated over the northwestern shelf region (54°-60° N
137°-150° E). (b) Linear trends (psu/30 years) in monthly sea
surface salinity over the northwestern shelf region in the:
WFLX (grey bars); WFLX-P (red circles); and WFLX-E (blue
triangles) experiments (After Nakanowatari et al., 2015b).

FERLE L, KA - MERE AT TV X BIRBLERT D
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IKOTRBEAL AT 70 AR (1980 4EA 5 2008 4F) 1A
PO 10 FHEZE) (PDO) IXPE) HEFEOT ) 2 — ¥ v
YERRIEATHT B RIS DAY T 5 2 &5 (Bond
etal, 2003), REA—HEFEMERICNIET 5 RHIZLE) b
= 7 R F ORI O KIS LS SRR iR
BEALICHEE L TV A TTREMEA D 5.



138 ThERE R, =5F

155E 160E 165E 170E 175E

-0.15-0.12-0.09 —-0.06 —0.03 0. 0.06 0.09 0.12 0.15

X 16 : AL & o THRAB) & 7= FEFEER T O L7 bR
FEHEIE THE O B KR O ZLICBR L T 87 7 v 7 A
(KHI, Cm3yrl) LZONEE (B F—, Cyrl). HFEF7
o> bClE, LRI RARE S Z LI Lo T, FEKD
BEDHNT 2 BRH H 2 &b DD, Nakanowatari et
al. (2015b) @ Fig. 16 £ 1.

Figure 16 : Same as in Fig. 14, but for the Region B, calculated
from the WSTR experiment (After Nakanowatari et al,
2015b).
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Figure 18 : Linear trends in sea level pressure (hPa/30 yrs) in
March, as calculated from NCEP-NCAR reanalysis data
during the period 1980 to 2008. Shading indicates regions
where trends are significant at the 95% confidence level,
based on the t-test (After Nakanowatari et al, 2015b).
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Figure 17 : Schematic of the warming processes of intermediate water in and

around the Sea of Okhotsk.
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L7 =T FlERT 7T Vi, L CHEELE
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Cause of the subarctic North Pacific productivity spike during the deglaciation

Osamu Seki'

The subpolar North Pacific region is one of the highest productive area in the ocean. This region is also
characterized by high nutrient low chlorophyll (HNLC) region where iron is a key micronutrient that limits primary
production in the ocean. Recent studies suggest that iron supply from the continental shelf in the Sea of Okhotsk

potentially plays a substantial role in sustaining primary production in the subarctic North Pacific. On the other hand,

paleoceanographic studies revealed that productivity has been dramatically changed in this region associated with the

glacial-interglacial cycle. In this paper, I review changes in productivity in this region from the last glacial maximum

period to the present and discuss a potential impact of iron transport from subpolar marginal sea to the subarctic

North Pacific on the deglacial productivity spike.
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AR ST UL IR K KIEBR O E L ThH D L
D5, FEEICEGERKOERL > THREEOE
WA RN A E LW TH S (Moore et al, 2002). &
72 OUHSIIME R ER TH 2 HOBEAAREL T D
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L TCHAMEEPTIREZZIT TSI ETHHLNS
(Boyd et al., 2007; Moore et al, 2002). Z® X 9 7 i
FEREEE S va 7 0y (HNLC) s & iEh, +
K= 7R —1) ¥ ZUERE O KN % B < AL
MM O KE A ZF N2 H 72 A, HNLC i TlEE
JE I RFEIR DS EIRE CTHET 212 b b T, MEs
BIROBDARL T D 720, 7T 07 b iRz
HELOLTZEDNTER, ZO0SOMEH» 4
HEOHEEZIES TW5.

MW7 > 7 b AIEFSRE AT 55, BRI
PR LR D KFTIEIARZET, 3 CITmIbgke L
THFLLLERZSNTLEY. Lo7C, LKFHE
HNLC ¥ & 9 ZAVEICgk2 itis 4 7ot A & L
TR L ORI 26 O F A » OEHHER% S EE L
FERAONTE, LIAHD, BEDOT L=V k-
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V7 OB X d A=y 7 g7 & OB
KREEM S C DM IZ gk 2 fitia L TV b 2 Edibro TE
72 (Nishioka et al., 2007; Nishioka et al., 2011; Nishioka et
al, 2013). ZAUd T ¥ THREOKHEAMIITH D T 45—
W B A k= 7 gL v8 O KEEM A~ O # o s
(Nagao et al, 2007), FF&—» 7 HEKIZ X 5 KREW
SAVENOYE % (Nakatsuka et al, 2002) & T B4
BT T OS2 iR 4E (Nakamura and Awaji, 2004)
HIEFPRAY I B L 72 KR & 7N 2 D 7 CORBUE 75 R
GYVATADVHAET S0 THSH (K1), ZOHHIC
Lo T, AR IERT IO 22 2 LERERITIRE A 5 5
EHOEGAKMOBER 2 N—2 & LT, SHEERLED
KEEM &R & § 2 BDOMARIZ L o THA BN TS &
W HT LW A 725 &7z (Nishioka et al, 2007;
Nishioka et al., 2011; Nishioka et al., 2013).

CORBE L EERE Y AT LAOFEEINET 4=Vl
O OBDOUAE & Ak — 7 ALl O KEMIZ BT 55
HiHEK DI D HIEKDIEE TH 5. 7 2 — V]I
BdKE L7256 T VT EY A=Y OFRBETOILRT
HY, Ak—2 7R OFEKISOBERTH 5
ZEMD, ZOREEREE Y AT AIREEHHEKIS
BLTELWRENE . ZOBEHEE Y AT A DO%E
W72 % E 2 FH S 5 L TlEORME - BREEAE) O IE
EELRMREZL 26T EEZOND.

AT N L TOMEIERY 2 7 O, HE L0
72, EHOKI D 5 EH T 2 2 AL ERT O AN &
T OB A A, IR E oG D E)
R EOWTHHL, B E Y AT A0 EEOEYE
FEZG- 2724 %7 MZowTilmT 4.

120°E  150°E

Fe transport =
Fe rich intermediate water @P

1 RPFEEREEICB U 2804tk 7 o+ 20 EaX
(Nishioka et al., 2007).

Figure 1 : Schematic of iron supply process in the northern
North Pacific. Original figure is from Nishioka et al. (2007).

2. RFQIKHAD SSEMtICH (I TOEMEED
E

WAE, FR— 7 R—1) v 7 E O &
T AU RSPl FERT I 00 A5 W O $RIN S L7 g HERE
a7 OWZELHKEI A ATh L (2), KE - ok A
7 AR AL R SERT I O M AE M AR FE SR - =Y
ICRELEH LTI ERHS IR > TET £
9, COBETIIEEYEEROLEL LI, WECBY
B EBEL—WEER QR LM AETNENOEY A
DEEFEIZOWTHHHT 5.

WY OSHEREBRFEOGHEL e EE (7
T 7 A), O L5 IR &0 LY E
Ak (1.8 JTAELLET) ICBWCTHIEL D dF L <
ETLCTwAZE, ROk (#1.8-0.7 JJ4EHT) <MK
B (GEdrtt B 1 AR (PR L (AL
722 kAR ENT (Keigwin et al, 1992; Gorbarenko et
al,, 1996; Keigwin, 1998; Crusius et al, 2004; Seki et al.,

180°E - 150w 120°W

2 KR THGEmICH WV O N D MRER X ONEER Y O 7 OfLE.
Figure 2 : Map showing locations of sediment cores described in this paper.
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3:a) KIREHEK DG A EDENZEL. b) FR—v 7R a7 (XPI8-PC2) (Seki et al.,
2004), ¢) NX—=1) » 7R 27 (BOW-9A) (Okazakietal, 2005) 3 & 0Vd) dbAFERHESERT
HefEW =7 (RAMA 44) (Gorbarenko et al, 1996) HF o jBEE F 721X 7 v 2 >~ (Bi) BLOE
WpRIE A 28—V (FR &) SHEEOFEREIL. o) KFEFEHENHERY 27 (GGC37) DiFilE
P FLER O FE R AR ILDOFEAZEIL (Lam et al, 2013). Ko @it TR L 72813 Meltwater
Pulse MWP) la & 1b £ X b /R
Figure 3 : a) Meltwater discharge, CaCOs (solid circle) and biogenic opal (open square) contents in
the b) Okhotsk Sea (XP98-PC2; Seki et al., 2004), ¢) Bering Sea (BOW-9A; Okazaki et al., 2005) and d)
subpolar North Pacific (RAMA 44; Gorbarenko et al., 1996) sediments together with e) planktonic
foraminiferal oxygen isotope ratio in the subpolar north Pacific (GGC 37; Lam et al., 2013) over the

past 30 kyrs. Yellow areas represent Meltwater Pulse (MWP) 1a and 1b events.

2004; Kienast et al.,, 2004; Okazaki et al., 2005; Brunelle et
al.,, 2007; Gebhardt et al,, 2008; Jaccard et al., 2009; Davis
et al, 2011; Riethdorf et al, 2013a; Riethdorf et al,
2013b). 7272 L HNLC s I @lok i oo A= Wy A pE 3 K
DIRDEZETH Y, SHC BT 2 WA EDOIERIL A
LN (Keigwin et al, 1992; Gorbarenko et al, 1996;
Crusius et al, 2004; Jaccard et al, 2005; Brunelle et al,
2007: Gebhardt et al, 2008; Jaccard et al, 2009). F 7z,
RIOKII D25 L AW E OB RS oK I 5602 L 729K
RASEGEIZBLE L 7265 (Melt Water Pulse MWP) &
I, MWP la (£ 1.4 J34EH1) & MWP1b (f 1.1 75
AEHT) DSHHFE TH A) (Fairbanks, 1989) L [HFH L T 7z
LEZLNTWVS,

SSITHERBW R ORBRA V27 BRT IV ) ViR
EOMAEEED ML —F =il 05, MAEOEED
RAOKITICHFIZE LCRTLTWwAZ L, MWP la &
MWP 1b 123\ T B ORISR 7 RS RT
FEEEESMTEEL TV EDRRENT
(Gorbarenko et al., 1996; Seki et al., 2004; Kienast et al,,
2004; Okazaki et al., 2005; Riethdorf et al., 2013b) (X 3).
HETRZOMBOHAEROEEIIRESNTEY
(Seki et al, 2007; Harada et al, 2006) FEE#EAFEEE R —K

HPEZ 7 DT (Honda et al, 2002; Takahashi et al., 2002;
Nakatsuka et al,, 2004), ROKINO—kA EZHNIIBIE &
BRECHELZ TV,

=77, W aTHRoAYREA - VERER 7
T v 7 A EDHHER S NS RO R A E OB LT
ABEOTN TR, WL > TRE R DR
PREOLNTWD (K3). FlZIE, LR ERIER O 8¢
RN =) ¥ ZHETE 7 & o HNLC {38 Tl glokiiz o
AHELVEHBRAEEOM AN BZ o Tnb (Keigwin et al,,
1992; Gorbarenko et al., 1996; Crusius et al,, 2004; Jaccard
et al, 2005; Brunelle et al, 2007; Gebhardt et al, 2008;
Jaccard et al., 2009). = O@EOKEI DAY EED Y — 713
JERFRIIETFT OHE (77 AHE) IZBWTOMERS
NTws (Davis et al, 2011). —HTX—=1 ¥ 7ifEOH
O CIERIKI & SEdr it O 7 CEEBE A BE O INASFEO &
N Tw3 (Okazakietal, 2005). ZALUIK L, FH—
7 W CIERIKI OEEBEAER KA XY MIREO 5T,
HEOEWEEIEINT 5 D137 - L BOEHHIZA -
T b6 & 7% b (Gorbarenko et al, 1996; Seki et al., 2004) .

9 LK & BOKIIANRATS 2 @2 B 1T 5 A
BENOWE I HETN SR ENIDOTHA ) » ? {7
Z U b OEFEITIRE, RIEE, MERERSRE
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BEWCES>THESINTVS, ZNHICEET 52 D
e LT, pkoiEk, FES I OHEROMHERR
DEALR B 5 DK - WEOPIGEDEA L &5 2
SND. RITHEFEW ICFLER S N7zl F DAY E DR E)
| &I LZERIZOWTE R ThW.

3. BKORE

AR A & RIOKIA 2 8 CHDKI (Sertit) (2254
WHFEDOEE B Y 5 2 72 HR E L Tk OHEDE
A HN5G. HEANKICEDN S LRENELL, 4
WHEERZELCHHI SN I ENEI A Ty TR E
OWFFE2 65 212 81 Tw b (Nakatsuka et al,
2004). HEREWy o 7 AR O BRI 2 &
DK b L= =58k S, LI I I TR
WIFBITE L D S kIR L Tz 2 EAVRIR S LT
W% (Shiga and Koizumi, 2000; Sakamoto et al, 2005;
Sakamoto et al, 2006; Caissie et al, 2010; Maier et al,
2015) (B44). ft-> T, MWKOILKRH I DM BT 5
AR DEWA T IZFHS L2 ReErs 5. Ly
LD s, KO EIKE] — KB A 7 v o EA:
A ZHEL TWAEREIZEZIT W, 2oHfE
LT, AUKHIO MWP A4 XY MIBIT2TE DL/
F— UL T RN EPEITHND (Seki et al,
2004).

F72, WpKOEF L L THREN DR F I Ot b
EZONL. KA R — 7O MK T O kO L

10

o)
£
o 15F
()]
<
20
25
30 Il 1 1 1 30 1 1 1 1
0246 8101214 0 5 10152025 30
XP98-PC4 XP98-PC2
IRD (>63 p) IRD (>63 )

X 4:FFk—7iffy a7 (XPI8-PC4 & XPI8-PC2)
OEGEE (IRD) ko 3 HEDFE: (Sakamoto et al.,
2005).

Figure 4 : Ice rafted debris records in the Okhotsk Sea
(XP98-PC4 and XP98-PC2) over the past 30 kyrs (Sakamoto
et al., 2005).

KFDZINZIENR, BF —F—E R EL N TEY
(Kanna et al., 2014), RkEiOAM A A X2 MIZERL
L7z RN 55D LIt v,

. EFEIRE— FOBER

MK DERIE I 2 IEER DO ZEACITHERE 2 b E D 5E
WOMIGITw B Y 52 5. HENLZRAEE RS, &
%Lﬁ@%%tﬁ HRIBK SRR IAHR S B 05, R
TR L S N5 & REANDOEEHOMGIIET ¥
B, ZNFE TOWFETIKEL - BB A 7 Vi2fE o Tl
HEBROFEREIAZ > TV 2 EAVRIBEINTRBY, #
FAEBR O ZALDS Z ORI O EW L 7 % SRR L T\ 5 ] g
PEDER S LT\ b  (Jaccard et al, 2005). A6 AP EEHE
%%@fﬁiﬁ%ﬂ@%ﬁ#*ﬁﬁ%ﬂ:?— 5 % BN
KENZAZ Z ORI TRUE LD SZ L TR Y, REEICE
LRBEASR R PR sE S A, JKEE 1500-2000 m DLkid s
TREDZ LKL Tl 72 SN T2 2 LAVRIE S LT
W5 (Matsumoto et al, 2002; Herguera et al,, 2010).
F 72 HERE Y i & AR LR O U R R AR
ZHOWZFHFEICEY, AERPFETIRRKINIZ B W OHhE
B MR A FEIC R o 72 2 LR S, bl < AL
L72kilE— R HBHED & 9 1R ERICE G iRk
PHEATHHEKME - FANEBIT L2 L mENT
(Okazaki et al,, 2010; Okazaki et al,, 2012). fit-> T, @k
B et 2B 2@ AW EEIXZ ) L2hiRE» S
HBANOFRFEREOMARIIRDET RICH Y, Ik — oK
P A TV EWAEEDO KIS 2 EE) Ny — » (‘kﬁﬂ
WA, BOKETCE ) I3MEIGERE— FOZB)IC
THRFAF SN TVEEARTINVES ).
L2 L 7255, HNLC MHs 2 B\ CAW A % B S
Jixgko s oMb ) BEPH S, Tz, K
5 BIKEANORATIZHE D IR B O FHifs & MWP A
N PRGBS N RIIIESIIE L Twiaw
(Okazakietal, 2012). #t> T, MWP 4 X MIBIT 5
AW AR EE D 2 7 BN B L UG BR O il O A T
BHPITE L)AL, HOERDPLETH S,

5. RfRKICKDREDMELL

MWP A4 XY MIBIFL2AEWEEOSEO—HE L
T, MEERFEEOBIELOZEEIC L 2 ETO KR L
EMEZ NS, IR L7ZL 9 I MWP 4 XY kTl
RENZAL T 2 ) 7 KBERALRR 7 E12565E L 72KIR D &k
BREMEISR S 57- L SN TW 5. %@n‘%%, MWP A X
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5:a) KIRBFEK OFE AR, b-d) A h— > 7 iiefa 2 7 (XP98-PC2, XP07 C9, XP98-PC1)
(Seki et al,, 2003; Seki et al,, 2012) W DFE FFHEIR Cos-Csn- TIVH VIBEB XY, e) 74—V
s & o E8 (Hulun, Xidadianzi, Khomustakh, Chabara) OifKfZOFENZAL (Yuetal,
2001). oM TR L2 Meltwater Pulse (MWP) 1la & 1b £ N h &R T

Figure 5 : Down core profiles of C25—Css #—alkane concentration over the past 30 kyrs together
with melt water discharge and lake level records: (a) Meltwater discharge (b) XP07-C9 (Seki et
al, 2012), (c) XP98-PC2 (Seki et al, 2003), (d) XP98-PC1 (Seki et al, 2003) and (e) Lake level
records in Hulun, Xidadianzi, Khomustakh and Chabara (Yu et al., 2001). Yellow areas represent

Meltwater Pulse (MWP) la and 1b events.

¥ MINZIEREDPEKRDPWEENTRL L, fEKED 2H %
AT &R S 7z (Fairbanks, 1989). f&#OkIo
RN AR EDBIEL ) 04 120m (ZERT LT
V72T (Fairbanks, 1989), #hk— 7R N—1) »
7O REWO—HIZEBILL Tzt EZ 5T
%. BUEOREEMIZ Z OBOKIOKHE EFIZ X - TF
MENTZDOTH D, PRI IZHNTHEEPF RN, £
DIz, PKPMENTKAT B Z & THRFEZERE % s <l
BALEELZENTEL. TNIIRBORAEZEL S
B, BEEPEL %24, FERKRRLFREESRE A
FREE & 7 B A LR OFRZ R AL ER 2 5, MWP
la B L U"MWP 1b TKIROSW % LA L5 IERE O
BLRITREHTEREZ o TWAZ EAVRIBEN TV S
(B 3e) (Gorbarenko et al,, 1996; Max et al,, 2012; Lam et
al, 2013; Riethdorf et al, 2013a). & 5 1ZX—1) > 7 e
YO A T Y AFRNVAR DRGNS X T 7 A OKHE
BOH N CTdp 52— 2 > IR OB Y O 25 5- 23Rk 2
BK LR A S 5T\ b  (Horikawa et al, 2010).
INHORERD S, Lametal. (2013) IEREFKR DA
Lo THRBOWBLFEL, MERENIUEE L /22 L T,
BOKIR ORI 2 EWLEFE OISR DTF | &l Z Sz & &

ATz KN T7 I AN T 4 TIKIEDFEEL T
W2DT, TR O BELRBEKDOY —ALEZON

CROKERICIZT T A DL— T VR F DM H N
Jl]%l_ LT, BUHARDIN=) 2 TR 7 7 AN EIEE
AATZIEZTTH D, —77, N THEFE T KH
FEZIKIRIZFHEL TR o7 EZ LN TWL DT,
F R = TN ORIFEKDTRANTT T Al EFEE T
370727259 . LALGAS, Fh—v 7l RE
DK & BERGS B T L — VI DI TR | Bk &
HEL CHARL Tz Z & 2R T LSRR 12 R
FREN T3 (Anetal, 2000; Yu et al, 2001; Eugene et
al, 2002; Seki et al, 2009) (K5). > T, AH—2 7
IZBWTH MWP A X b TRAKRA DA Z
TWwi Ll En s,

6. EXODHEHG

Rk L7z & 912, FR—r 7L =) ¥ Z#gEFE O
REEAN & B U LR B SE AT 183 HNLC s T 1),
BECBW TS EYEEOHIRAF L oTnd
(Boyd et al, 2007). KEAH & MKEAICE 2 B 2
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/3y — 2B LT HNLC i & A & — > 7 i O g g
07z, UK OB ER R A X2 A HNLC
WHHICDBZEEL TV BETHDH (Keigwin et al, 1992;
Gorbarenko et al., 1996; Crusius et al,, 2004; Jaccard et al.,
2005; Brunelle et al, 2007; Gebhardt et al., 2008; Jaccard
et al, 2009). FFIZHNEIEIC B Z UK O ¥ — 7 135
FETHY, BOAYEERIBEOREIZED 72T
REVEASRHE S LT % (Crusius et al, 2004). RKH O
EEEEAEE O R 25| &k 2 3123 a2EIHs ok &k
WEROUEEZZIT TR L, SoMRoM AL o Tkl
L% 57,

HHEH TR/ L)1, R FHEOINEIC#Z IR T 5
AN Z AL E L THENBEOT R 2 E & REE T 5
FANORE#R%E, TEOBIICL VLI R 5
72 KB & DO HEKIEEREED 2 ODBEZ bNEDT
(Nishioka et al., 2007; Nishioka et al., 2011; Nishioka et al.,
2013), TR EE 52, b L <IEW A2 5 OFRMAS
PHERLTW2id3$Ths. flzid Davisetal (2011)
Hid, EENZERIEWS OO, T T A EOWEE
WO 25, MWP 4 XY MIBITAEWAED
Y — 71 EiE KD B X0 IRE L 72 KB A & #kA3 it
fwmenfoz e Tl SRk ERE Lz Ly
Lense, ANEOHEREY F o BERIRIEMR D07 F v o
AIHRAKITE L, T ORBOKID S EH AT T
WACETTH LV #ERERLTEY, MWP A x>
MIBIF 2 L WIS 5N h -7z (Lam et al,
2013). ZO#EH, S, Lametal (2013) 5L MWP A
N MIAMEIHEG S N2ERIE T O T DEZSR IS 5 D
A MOEHEERICL o THRb -6 SN2 b0TH
0, BBOKEMD S OFILENIT EREEREE L R
LTwhrolzbfimol7, 2o &)1 Lam et al
(2013) (XEOKHIC B1F 2 HNLC sl BE#E A i 0 23
IRV & oA © RIS, RERELIC X 508
WO RELZUGER M) - o THERI I N E
R L 72

7. HEKEIROEXDOTHEN

Lam et al. (2013) 134M¥IZ BT 2 @K o AWy A i
DIERA R B TEREMRFEOSKO 513/~ &
{, FAMHROHEDSFHS Nz L w72 L
WL S T A NRIRHIIE E 7EREET N & HEDFR S
NTWa, W77 7 N OEEIZIEDTZ > 7 b
AT & B EAFREDERDIAG S N2 LTS H 575,
FAMIEZENLEEIWTFRETH L. ZDH, F¥A L

RIS TERE L 72 f, KR CERBSER SN T E R 5
W, ERICEDREEER L TV 200d L {bho
TV VOPHIKRTH L, F/2lARFICBITLS A O
iR R b BRI T, #HRIEL TEE, O
FENTLEHIOTHNE, EMHPFHTELF v A
BhRbND. EEOBIND SIMARTICBIF L7V Tk
RO 5 A b ORI B E N E DS 2% Y
DOHDL. 12T VT ORI D S ALRFEND 5 A
kORI —ERIE LTV AEDITTIEZR L, 1 FITHEE
WZBRE STV 5% (Kawamura et al, 2003), LA
DUEHBI 5 5 A b OFRCRIEA LAY 7F > 7 b D
TN—3 Y TORRICIE AL H L 2 LATREN, TR
RO T % 8@ L AEWAEEOEE % 9 F G
ATEZHIZBWT L bhh)DDH % (Nishioka et al,
2011). 2D EH I, ILKRFEICREKT L5 A KD
#£755 HNLC DHEWEFEIZHFG LT 5b &\ ) HEFE % FE
PESN TR VODBIRTH 5.

b LIRS, EFEOBM 2 HHEMS NG L HIZF A Ml
KO TFEDEWAEEIZH T D FIH ST
LS, EWCHTREZR T 0= OHA MWP 1 X
T SR SN T RITIUE R bW, Fh—v 7
HE KR IR AR FRE72 1 T2 S HFRED#K S &
FNTWwDH DT (Nagao et al, 2007; Nishioka et al,
2007), HEKTEER THVEEN S SIS 87k S A REICH
54220 TEL. L2LARL2L )12, BEERED
LRI N L— =20 B IR EEM R H 2R O #k o it
2 MWP A X > b TRHFICHIRL 72 & v ) GERDE 5
T (Lam et al, 2013). I 0) ¥ A PHEOH%
WEESZS72D725 9 7

ETANFEREOAED ML —H—IZEHT 5 & &L
#) VP ) AT S, REMREREOHEY b L —
Y—=THhHMWT v 7 ZAOHFRRY LTI L — 4 —
DFNENZAELELRY, WL KBEMHE IR O #k A RIK
ANRY MIEHWIZHFS LT EEZ R L Tw»
b BAR&Z L, A=y 2Rl r S EsN:
W7 v 7 ZIREOFLEE2 S MWP la & 1b IZB W Tk
EEIEA R OBAGDBIITHER L Tz 2 RSNz
(IX 5) (Seki et al, 2003; Seki et al, 2012). Seki et al.
(2003) 12, Aok o BEEIE A FEPriE A O3 K IZ oK EE T
FAHED F R =2 7O KRBEM OKEIZ & - TREHE» S
HIlF S 7B IR A T 2SR KIZ & o THMEICH%E S
NI e TWa EFRL:. ZofhT v 7 A
FLERD L E XY — IIHNEIC BT A EWREA 2= LD
FNEHEULTEBY, WEOHICBEEDDH - 72 HeElE)s
TREEND.
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TIE TR E AR N L - —TREELR L
BE2RTOREDH 07 TIUTERY EHHY b L ——
TIRELDLIBGHELL TVD EEZ D EFHPIDL.
WP OB L -V —0&EEERT T v 7 AldK
FOKIID X 9 %8s RN R 2 5 2 &
b, TR & KA E 7z 7 A bRk
Lo THIF EN B TR EE2RMLI-bDEEZD
N5, —h5T, AEWMNL—F =352 N HER T L
V) XD ITEERICE TREORK DS DEFG &R )
WL T2 IR E . Bl ZAXT A — VRO TR
FIARZBHAT VIR DS TB Y, WA EY DR HE
%YV —ALkoTWwS (Nagao et al, 2007).

TR =Y WSRO -7 VA v DI R
LSFARTAL L, BOKIBIZBT 24T v 7 23R
R ORELE T H L KEHROF G EN 2 LD S H
I272 o7z (Sekietal, 2012). F7z, glokiioxs v a v
WAEKRE HEROFES 2 REICHE S Tw b (Morley
etal, 1991). T D Z & H 5 REUKMNIZ R kO F #¥
MOBAEPZE LMK LEEZDL LN TEDL. £
7o, WSO BEZRELMBEE LTHHSN TS, i
JFILETHRIE 2 O THEFHEPELR LR T W20 Th
B, T A= VINZBWTO THISIAD W E A R b HE
ROV —ATHDLZEDPBINIZ L VHEPO STV D
(Nagao et al,, 2007).

INSOHFEDNS, ROKINIGRE RO A Y & I
BSOS L CEER L Tz RetEdsmve. 7
L= VIR TIZBAE & 0 b RUK OB BEKE 3 &
L, MRED T 2 S0z bEZLN5DT (Yuet
al, 2001; Seki et al, 2009), ®EAFE L {FELTVTH
AEFETIE v, BOKIIKE L 72 KEEMNC b 22D CTIA
KB WFEDILD > TWaFEED D 5 .

O X HIZ, WIIHKO ALK O HNLC s
(2B B RIUKII O A BRI IR 2 X E 2 R L T»
TeMBEME AR RIEST 5 b D & LTH F— 7 R o
RIFEAEY ML - — ORI ERE. LA LT
5, BOKINZBWOREHRO AR ORADH KL 72
AFE, BIED & 2 AMOMEHE CIIEREINTESH T,
HNLC 38 0> H2 W H2 i L2563 2 07 )17 K MRS 15 o 5k
DA 237 P EFHIT 2 I2IEE > T, Gk o
N REMSRIRH 2 MRES 5 121%, N—=1) ¥ 7R T 7
A 71 7% EALo HIE T b {RE R OB IE A Y O T A
ORI RKINE X T /-0, F20RERED
BEOHFIZKA TV O EENPD TV LENDH
5. ZD72HITILRFHIETT I 3 TR IR A HEY
ML= —RlEROREZEM 2T -4 2y PEREEL Tw

CTEDHEETH L.

I

Az PET HEE 25 2 T 720 KRFHE O
FBZOT 4 (A F— 7B Yy —DR Y v 7)
CEHOEERLIT.
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Sub-bottom methane hydrates off northeastern Sakhalin Island, Russia
—Evaluation of methane flux by dissolved ions in the sediment pore waters—
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The hydro-Carbon Hydrate Accumulations in the Okhotsk Sea project (CHAOS) and the Sakhalin Slope Gas
Hydrate project (SSGH and SSGH II) are international collaborative research projects organized by scientists from
Japanese, Russian and Korean research institutes to study natural methane hydrates (MHs) that have accumulated on
the continental slope off Sakhalin Island, Russia.

More than 20 MH-bearing sites have been newly-discovered by the retrieval of MH samples from the seafloor.
Several hundred seepage sites/structures have been newly-discovered by the geophysical surveys during the field
operations of the projects. The concentrations of sulfate ion as well as conservative ion such as chloride and sodium ion
in the sediment pore waters were measured to investigate the concentration-depth profiles of these ions. The findings
suggest that the methane flux from below has been varied (increased or decreased suddenly) presumably caused by
the formation of MH adjacent to the core sampling sites.
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Figure 2 : Photograph of methane hydrate-bearing interval of
a sediment core retrieved off Sakhalin Island
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Figure 3 : Depth profiles of concentrations of sulfate, chloride,
and hydrogen carbonate ions in pore water samples from the
methane hydrate-bearing sediment core
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Figure 4 : (a) Linear/concave (b) up-shaped sulfate ion
concentration-depth profiles of sediment cores
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Figure 5 : (a) Depth profiles of concentrations of chloride and
sodium ions, and (b) their ratios for the sediment core
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Snow observations and development of physically based process
model at Sapporo

Teruo Aoki', Masashi Niwano' and Sumito Matoba®

Long-term record of snow pit observation conducted by Institute of Low Temperature Science (ILTS) at Sapporo
for 50 years is an important and rare data set in the world. Snow pit observations after the 2000 s in the long history
were linked with detailed radiation observations, and both of them were newly utilized for the purpose of physically
based process modeling on snow. The background for that is related with the fact that effect of global warming is
greater in cryosphere. To predict the future change in cryosphere accurately, further understanding and elaborate
modeling of physical processes including radiation budget, heat budget and mass balance at snow surface are needed.
This paper reviews the studies of snow physical/chemical properties and albedos observed at a study plot of ILTS and
the validations of physically based albedo model and snow metamorphism model developed with those data, and the
future issues are finally discussed.
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AAERTZEI ] (1954-1967 4F) - FEH Z D b O OY L - {L
B 7% FEVEIZBE§ 2 WEZR 34T b AL, E AR o I T B 1
1963-1967 -0 4 Z WM FER S 1z, B2 TRERD
LSS O 7 0 AWFZE ] (1967-1999 4F) : 1967 412
IR A SE R BRI IS 5 L 3k, 2odk
HNCEGDRE SN, B4 %70t AR S L7z
(e.g., WHEIT 2, 19725 BKHAZ DY, 1989). F 72, 5%
BN L BT DRE=5) Y I ERL b - 72
(e.g, FAiNlliZ2, 1985 ; GiE - fiJ1l, 1988). M &ML
52 Mo, 324 MMERI N (e g, ANALRIED,
1997 I3 A, 2011), Z Ok, 1999-2003 4E0> 4 41
T S 7223, 2003 4RI FFR L, 2016 3R  fkf <
NTWa, H3H [Tat 2ZEF)IVESE #EEL 25 H
WFzeil ] (2003-BifE) © HEP R RBIC X 55 %, HE,
i BT & A 2 O W B R O S v 7))
27, NIARE S K - A 4 o IENER S N,

INLEDT—=FIZEHEOVWTT VX KFET)I (e g, Aokl
etal, 2011; Yasunari et al, 2011) RFEFLEE TV (e. g,
Niwano et al, 2012) D% - MGEER Ef bz, 20
], FEH5d 2008 Ak D KRR L2 HE VAL IEY 500 m @
Gilt (2R L 7225, Wi B R o B 3512 B\ T
Ef SN TN 5.

HMEWHHENORWELORT, E3MITar 2
TOVERFE & L 2P E T h L SISIE, HERIRE
{LORENERBE CTHFICHND L) FELBRLT
Wh, =T, FKELEEO TR PR ORI A
ANt iz, SEROFIKELE) 2 IEMEIHEE - T3
% 72O EIKMNC B B UL, B, BwIEL
RO T O ZAOW L%, £ TV ORI, T
W E O EARIMORWRELE o TWwd. flz
1X, Flanner et al. (2007) | 3fEELEBRERLHEEAHMY
DHREZEELTTVRFERDL T RAET N
SNow, ICe, and Aerosol Radiation model (SNICAR) #% B
FEL, 7V NVERE TV AL, 1T Ty 7T —
Ry (BC) & 2wz fiio T, 72, 7
7 v ARG IRE, BMoBIEE % A % Col de Porte
BT HRE - FKEIN (Morinetal, 2012) %3# L C,
ML BELEET VOB EE 2 5 Crocus (e, g,
Brunetal, 1989) #FIFE L7z, FEEIZ, A A AEHE -
ERMETAFAHEL TCWI2BEESLHEET IV

DRI D FE I, ZOWETEZE > T[T Iy 2 h—K> ]
(black carbon : BC), [Jt#iKik# | (elemental carbon @ EC),
[93] (soot) &\ o7zffis AR CTIFIENTWE, 2Tl
NS FCHRRMIEE > TRk § 5. AWZETIEZENSD
RN I ICFEFEO SO L LTty 5.

SNOWPACK (Bartelt and Lehning, 2002; Lehning et al,,
2002a,b) D% - WELICBWTIE, INCBU 2 HE
HEIKRE=S) WA b LT ColdePorte & W%
723 Weissfluhjoch (Lehning et al, 2002b) O 57— % H3F
WHWHENRTWAS, T L)1, SRRSO
BIMRPIRBR AL AE ) BB O 7 Vv R B I
PEOWHE T NMALIZIE, FElZBrHER &) > 7 L2k
S SVZET, S OB O 72D 12 13—’y 722 F v
YR—=YBITEATSTH L. 2T, RIERFEIIE
FIT O 88 3512 35 > 7T 2000 4K A S B T 1 00 <2 S R B
T ICHDLEEYE T 0 AT VELS T b
720 R CTIIIERREZ L Ea— L, SHBOBE %
Y 5.

2. AR-TRERODHHHEEE T IVIC KDERF!
IR R

BEOT VAR FEREEHE RIZBI 2B E 2 5
FCROEBELEFO—DOTHL. TOETNMLIZ
1980 AFARIZ KR & CHESR L, P T HEVIRE D5
(G, W& 30~50cm PL L), EHRIMED 7 VN FIdFE
THRZEICKRE CRFEL, WTHEO T VX NIIEEZICE
MBS AL (LUF, HIZF A M EIER) 93 %
EDFERIPERE E A LV ARAF S 2 2 LD 5T
W % (Wiscombe and Warren, 1980; Warren and
Wiscombe, 1980). T 72, ERT 70V 7% EDOREK
IDNEER S & FELR T OB G 2 LS H I EICKD
BENPZNLL 2 TOREHOT VAN F22{bsE, £
72, REBGHDTINE HEOWREGi 223 s L
LD, ERD LT AR 22 L34 % (Aokietal,
1999). I 6ORMREERE L 72 KA-TEEROBEHEE
E7 )V (Aokietal, 1999, 2003) 12 & o CEHHE L 72HFH D
WRHNT VNP2 LITORY. X 1a 3SR R,
B 1b-c I3FEE P o> BC M2 /R 3. #E Tl
ZORMPEINESVEE (1 7r=50pm) £ Db
KEweE x (Klc: 7s=500um) OFA, [ L BCIRE
WAL TT7 VAR PERTRPRE V. EEORETIE,
TR N OAH IR BE AR T A — T, 260
SEMBESEENO T VAR FICHEE 5 25 (Aoki et
al, 2000). Tz, TIVNFETFIVTIREFHE LR
KUV D SRIE 3G & KA DR R L ITERE T 5 LEH
H5.
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Figure 1 : Spectral albedo of homogeneous snow with semi-
infinite depth calculated with a radiative transfer model for
the atmosphere-snow system depending on (a) snow grain
size and (b-c) black carbon (BC) concentration in snowpack.
6 denotes solar zenith angle, 7. is effective snow grain radius,
cec is mass concentration of BC in snowpack with an unit of
BC mass per unit mass of snow.

3. (EERIFMAMICH (T 2ESHEEHA, BS
THRE, 7R

Tt HE R S BINEEE & I BAEOE (43° 05097
N, 141°20'11"E, 12masl) (Zf88x L 7z2D1d 2008 4 10
HT, ThLEio#&EY; (43°04'56" N, 141°20'30"E, 15
m asl) TIZHBLRSREN & BERHEN2 TbTE
7z, 2 13BEHROBS BT 5 HERRBNEEDE

. .

2 ¢ AL AL i K AR F ISR HT O B 85 35 53
Figure 2 : Study plot of Institute of Low Temperature Science,
Hokkaido University at Sapporo.

BT, WEINEIHEY B oZE 0B 5 L2 diHHh
HTEBSIN TS, [HESIC BT 2 B e & Ul
W — 2 s, RO 7 IV RSN O R FE S
TN & > TIERTF LTV 5B 2 & ZRS TR £

nNTn5, 3 OALENZE 2003-2005 4F-0> 2 2 (2 B
S NI O AR MR DO TR T VX R OFESE
AHRE DR BRAENEEZ R LD DO TH L. FLEFRD
i BRI O R RN BT 2 K RIEA RS
Y e OZBFF I L CRA-HEROMSHEEET
)V (Aokietal, 1999, 2003) CTHEHIGIZTFHE SN L TN
FOZNZENHRKER ORMEE RS, BEAMY 2SS
A NOHZROYA (FEH) 12IE, BUIE IR ISP S
ND TN NEFHZ TRZA5, A M2 SEHRIUEDS
5\ BC % 0.25 ppmw (B47) 205 0.5 ppmw (JTAR) &
GG, BUAMEIZEGRME ORI /5495 (Aoki et al,
2007a). Z OB T TY v 7)) v 7S ENTRE
5 BCEXHIET 2EELA L W ahoizizd,
DEILTNNFOETNVEIHEENMEL BT L
W&, BEARMP ORG & HEE T 2T bz,

—4, LTI ERED S OEIZL 25 TV K
THABMENDE Z DD D, 2004 43 A 11-12 HIZH#EL
WS NIZEBA N2 N T, ORI TEB O
&2 20 ppmw 25 600 ppmw [ZEEF L, 7N R
066205046 MET L7z, COLXDEEFDOF A
WFORESZI—NY — I vy — (BERBIMA
FRARER) CTHEL, BERNICRED > 2B ED
R AT & B L 72528, 2.5 um DL EOE KK T % B
&, BEAKICHE ) BULREVEETHL I LARINT
(Aoki et al, 2006).
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3 ALIRIZ BT % 2003-2005 4> 2 & O (a) AL O
(b) IEARIME DI I FAF I 7 VN R OFEE R i AR
BHEOCHAE, ZNENHEFOHES 0-2cm KT 0-10 cm
DA BIIE & 7 VN FERMEO R Z R T, Fall
FR I O B AR S BRI B PR S BEER I I P & LB TV R
DI OI/ME 2 7R3, S8, BERE, LIRS A
MR OENEZ TR L, EHIZY A N DOAORME TV, B
B EHFIEFNZFN0.5ppmw & 0.25 ppmw D BC % H 12
G, DT A NORMBETNVICE DEITEEREZRT
(Aoki et al., 2007a).

Figure 3 : (a) Visible albedo and (b) near-infrared albedo as a
function of mass concentration of snow impurities during the
period 2003-2005. Characters denote the measured albedos
versus mass concentration of snow impurities measured for
the snow surface (filled circles) and the snow layer from
surface to 10 cm (open circles). Blue and red curves indicate
the theoretically predicted maximum and minimum albedos
during the observation period using three types of snow
impurity models: Dust only, Dust+BC0.25 and Dust+
BCO0.50, which contain dust, dust +0.25 ppmw of BC, and BC
of 0.50 ppmw, respectively. The snow grain size (re), sky
conditions (clear/cloudy) and solar zenith angle (6) corre-
sponding to the maximum and minimum albedos were
determined within the measured ranges of these parameters
during the observation period (Aoki et al., 2007a).

Z D%, Kuchikietal. (2015) 1386523 % Fv 720 —
RSB LY, BB % & $ 2007-2013 4
D6 MMIZBITLWEFRDOF A N, uHRIRIkE (EC),
AR FE (OC) REDRMIENT 217 o 72, BObFEIC &
BLIEEAMP I TIE, AET A NVY — 2o THEY
VIR EE BT A, —IHIRICEENS EC
OREHRIFEL, A¥ET 4 VT =L BHAHDECD
1L 10-38% & A D 5L Tw b (Torres et al,

EE, M A

2014). Kuchikietal. (2015) (Z5:4#] (NHHPOs) % H
WTRET AV —+BOEARIC L - T, ALRIZBIT S
EC O /N A F K 60% ThH D Z &L HH AT L
2. 2oL nIBEE RS, AIRICBIT 5 BC
ZTC 4 BHRIRC S A N L DIREWMN L T2, BEHID
GLTHRAETANT —ITHEINR T VEEEIN
7o, M4Ze 4B 5B EFEERE (L), £8
(0-2cm) I2BIFHF AL, EC, OCi#rE (hE), %
0-10 cm (2012-2013 FFOARE S 2-10cm) 2B B A
KRR (TB) A3, Zod, 3O
JEICBHZE 2 M Ly PRI S e o 7228, —fkicny
NOEG D 1-2 A OB IR, 3-4 AOREHIC
ERETHh o7z, F72, HEOAMPIEEL 10 cm EO
ZNSIZHARFINEB R E o7z, RIBOAFYREE
RIS R oRE e e icwmL 22, %
DML OC b K&, ECHI|L/NS o7z,
CHUZIERE L7 0V VoL iEiE, ES ORI
A BB EPHRL TR EERZLND. 64
WMo EC, OC, ¥ A MgEEIZZENZ410.19, 0.31, 3.6
ppmw T, ECEEIZIbMEIE O BC i IZHX 10-100 £5
ERETH o7

WIS & FEH > 7)) v 7 - i ko TR B
FETRLE & AHIIRE L, BEINICZN S OREYi=E
Rl E T 5 /-0 O Hh R E R o &K 5ot H 5 E
(Kuchiki et al, 2009) @BFIZHFIH Sz BlfE, 2
DFEN &0 REUZBIFRZ < R T O RAE & AHE
WP FE AT HE ST 5.

4. BE7ILN FEEETILORFE

Aoki et al. (2003) 12db R BT 2 2 LI OFEE Wik
BEI L 7OV RE S 7OV F % ALY 5 EHR IR
787 A7) E—3 3 vy THELDNLIFRRHR LY
b, BEREEAMPBENEECTHLZ EWHLMIIL
7z. F72, Motoyoshi et al. (2005) (XHH: 12 BT 5 [FkE
OIS, mEOTAL VU I TR RFETIZ,
KEH DOFIIE L 7 TN DIRFEC & B REE A
EORMAELG L TWAZ LR L. FREHDOMET
(BT 2> & 75 5 M 7R R R ANKI e BE D 22 B i
PR LT, WSHEEE FIVEHETHREN 7 VA R 23K
B, TNE RS LR BERRIRO 7V R & gl
L THEYHEOREHERL TV D, Ll
BRI O BSHEERH IS A0 5 720, 4 DT
NFBIME L ETVEEME Y T 5 2 L AR REEL
V. 200, TNHOIETIRM IR LA L) &=
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Figure 4 : Top panel: Snow depth and air temperature at 12:00 local time at Sapporo during the six winters of 2007-
2013. Middle and bottom panels: dust, elemental carbon (EC) and organic carbon (OC) concentrations in the surface
layers d = 0-2 cm (middle panel) and in the d = 0-10 cm layer for the five winters from of 2007-2012 and the d = 2-
10 cm layer for the winter of 2012-2013 (bottom panel) (Kuchiki et al,, 2015).

I & SARIMEN S BT D 7OV K OB EPH % 515 L
BUAE & T 2 TS SNz,

—0, RBEETVCTOMEHTRAEE T VX FOET
VIFEEWHESRKAOMREZE L THHETT VAR
ZEIBTLLENH L. ZD720, Aokietal (2011) 1
RN OHSHEEE 7V & AV TSR & AR
DZEEFPHIIR LC, TR S N N, EARIME 5 N
FIZBUAET VXN FOFELTEBE, Vv 7
Ty TT=T MM T ALY, EEEREEOR
ET7 LA PR E 7 ) (physically based snow albedo
model : PBSAM) #BHZ L7z, ZOETIVAD AT
A —z1%, REN LS B EORIRE, Ak (BC
LZALN), BMERE, BEKEDIIH, KEKIESM, 1]
B & RIS BT 2 EE H GRS, HGEL H SR,
FHFNOMEOT VAN RTHDL, HIFTH, LR
B, BERE R (PTHUE AR ICBIF AT VR L
W NI BT 2 FEBETIEARETH 5. LT, ALBRIC
BUAWHEBNE 7 VR FENFT— 1230w
PBSAM DIFRERE RN DWW Tl 5,

51X PBSAM ~ND AN /8T A =4 L LTS

7-REEWHEEO—HT, 2007-2009 4F 0> 2 Z-H L2 B
ENHEEAMY (AN, EC) BE, BEHE BF
ROZALTH B, FEE MR SRS 2 > 7
)Y EN, BRI O S — R U AR THIE S
7o, FEHRAE (SGS) EHE DR S 0-2 cm KU 2-10 cm
IZBIT B FEE R, EEREIIV -2 X5 BB
HTHRERTFOEE (d), SRR FEORDIE (d2),
WAL F- OB EDIR S (ds) O 3O EAME S
% (Aokietal, 2007b). #EZ=DELIA & Y2RS5 20
BRI R DLWV ED 5 H->TWwab (Aoki et al,
2000, 2003). 7z, di 5 ds ENENDORKME, T
i, mAEIRBEEINRL Chb0F—% %31
PBSAM |2 & » CRIE S Nz m 8k, JTaRybs, EikE
BB 2 7V REHEE & FEREOZ L E K L 72078
M6 Thb. BUMEILHEPRL Y &L 30 5 F8HT,
PBSAM TRRFEE 5 BETFLVHAH VSN, 5 —/3—
I S MR B RO R/ ME & K% AT L7256
OFHER RO Y RS, ETIVEMEMTIX, 12D
BN B 2EWTAARE, 3 HOBMEHOT VAR
KT OMFABEHIE BRI N TS, $72, 2009 4
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Figure 5 : Mass concentrations of snow impurities, Snow grain
size (SGS) and snow height measured at Sapporo during two
winters: (a) 2007-2008 and (b) 2008-2009. The mass
concentrations of dust, EC and OC as snow impurities were
measured in snow samples of two snow layer thicknesses, d =
0-2 and 0-10 cm, and the SGS was averaged over the two
snow layer thicknesses d = 0-2 and 2-10 cm. These snow
parameter values were measured during snow pit work
performed twice a week. The snow height plotted is the 30~
min averaged values from 1131 to 1200 local time (LT),
including local solar noon measured by an automatic weather
station (Aoki et al, 2011).
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Figure 6 : Broadband albedos measured at Sapporo (curves)
compared with values simulated by PBSAM (dots) during two
winters: (a) 2007-2008 and (b) 2008-2009. Measurement
values are the daily 30-min-averaged values from 1131 to
1200 LT, and simulations were calculated using data collected
by snow pit work performed twice a week. The simulated
albedos were calculated with a five-layer snow model. Error
bars mean the albedo range simulated using the measured
minimum and maximum snow grain sizes. (Aoki et al,, 2011).
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Figure 7 : Scatter plots between albedos measured at Sapporo
during the two winters from 2007 to 2009 and those simulated
by PBSAM. The colored lines are the linear regression lines
between measured and simulated albedos. RMSE and R?
denote root mean square error and determination coefficient,
respectively. The dashed line indicates 1 : 1 correspondence
between them. Error bars mean the albedo range simulated
from the measured minimum and maximum snow grain sizes
(Aoki et al, 2011).
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Figure 8 : Absorptivities in snow layers and the ground, and
albedo simulated by PBSAM using a 5L snow model at
Sapporo during two winters: (a) 2007-2008 and (b) 2008-
2009. Each stacked bar represents data from one day of snow
pit work, which was performed twice weekly during the two
winters. In each stacked bar, blue block indicates albedo and
the other blocks absorptivities in the snowpack and the
ground (Aoki et al, 2011).
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etal. (2009) DEFIZHED . HENTHHOBIMEIL, EHEEHENERH O A O (Niwano et
al, 2012).

Figure 9 : (a, b) Time evolution of the vertical profile of major snow grain shapes from snow pit
observations and (c, d) simulated by SMAP at Sapporo during two winters: (a, ¢) 2007-2008 and
(b, 7) 2008-2009. Characters and colors indicating snow grain shapes follow the definitions by
Fierz et al. (2009). Observed snow grain shapes are shown for only the days when snow pit
observations were performed. (Niwano et al., 2012).
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Figure 10 : Simulations of half-hourly snow depths by SMAP with default settings (CTL scenario:
light green solid curve) and with pure (i.e., no impurities) snow conditions (PURE scenario: blue solid
curve), and the observed snow depths (black solid curve) during two winters: (a) 2007-2008 and (b)

2008-2009. (Niwano et al., 2012).
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The role of Pacific marginal seas in linking adjacent land with ocean

Jun Nishioka', Humio Mitsudera', Takayuki Shiraiwa', Osamu Seki', Tomohiro Nakamura',
Sumito Matoba' and Naoto Ebuchi’

Linkage between land and ocean is one of important issue for understanding earth system, and marginal seas are a
key place for this linkage. The South China Sea, the East China Sea, the Japan Sea, the Sea of Okhotsk and the Bering
Sea are marginal seas located on the north/west rim of the Pacific Ocean. These marginal seas received strong
influence from the land via large and small scale river discharge, which include human influence. The marginal seas
have high productivity and active biogeochemical cycles relative to those in oceanic regions, which are controlled by
individual local processes, such as fresh water discharge, interior current systems, tidal mixing, local upwelling,
continental shelves interactions, sea ice production/melting, and flows through straits. Further, recent studies
indicated that some of the marginal seas strongly influence to the Pacific Ocean on physical and biogeochemical
processes. Therefore, clarifying roles of the marginal seas for linkage between land and oceanic region is one of the
major remaining issue for understanding whole Pacific Ocean. In this paper, we discuss remaining issue to understand
not only pan-Okhotsk biogeochemical system but also the role of Pacific marginal seas in linking adjacent land with

ocean.
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TWAIKKRBEH THL, LIRZDLIENTEL. 2O
£ M ED -, FoRk—v 7L, PITVICERS
L9 Lkt RO D 5.
T A= Ve HRE ORI EERAATE
0, BAKRRE 4 2 )R %l L 7z RS A AT KBRS
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Rk C—F S IR () TH LN TH
WEmL T2z, HEFERBE DMK AR
ZToTBY, JLPERICBITZTHKOMRIZE 7> T
Wh . MERAERUIRE S TEWIEKATE, Zhdit
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BANENE G LT

o JERFEOVEMICME L TBY, Fh—v 7O
AL - B L bR RIcR & s
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WK, 7 A— VIO LA, I AF vy Aol
ki EEKE 2 BELTBY), W bh &R
ZEIR L CHESS 2 I TH 5.

FA L ED X9 2BA R —y 7 B E T RIC,
7 L= OB OB, LKFFEOFLHETH D+
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R IE NI, AR B O A W R E 2 F G- L T
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RTINS N5 k5554 ok — v 7 KREEMN @ X e
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WAE I, T B X 2R Z N L CEBICHFEL
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W5 | (e.g, Shiraiwa, 2012; Nishioka et al, 2013). A%
T COWHERER Y AT 0% [BEEEGS AT L] LI
RZLld2. I3 [BEEEGYATLA] ©
WFZERRIE, HATHED 85 % K EE DR R, ¥
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LEBELRFERTHY, HAOMBET L WERIL DL
WA REDS, BT B A4 R— 7 ili% /v L CHEO % K
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1% (Ono et al, 2002; Nakanowatari et al, 2007
Kashiwase et al., 2014).
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Figure 1 : Schematic draw of the role of Pacific marginal seas in linking adjacent land with ocean
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