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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).

F/2, Y32l =T arTiRYIEICBITLHKkO®E
FEASHE C 2 BN H Y, T D720 MK DB A &
N7zZ ent, AR Cidy &3 (K1d, UATHE
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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
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(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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L. KRBT L2 FVILEEREOFME L, ok
JETH & HEERIMIE O 2D X -7 7 v o
AREIET 2, AVFHEL AL 2, 3 A1E10 W/m?
DT /s wngs, 12 Hid b < 37 W/m?, Au#p
Feillig < 27 W/m?, 1 HidZnhEn 27, 17W/m?> Th -
72, THIX12 A-3 AOMREmKEERICESHRR L L
Im BEIHY L, WKEEOBINE*E 25 ETHE
HLOTHAH (72720, TOREDVICIXBRER) =Y
R ETHERSNLZIKIIEEHTE R LIZEESL
7o) S AU IR Y 7 K T N O S I R oo A ST IS X
D MKIRASIRD H D Z &R, BHEA & O B BE
WHEKDOTAIZ L A EEZ HND.
YIialb—=vary, ER) VBT LKA E
12Ed%) 7T4 125 A DSW OAEOFHIZ b D)
LTWa Z L2 L7, BRI TARE S 72 DSW I
M CHEZ L, X 1B AT RO SN L kA
T, A ITMEERIC BT 5355 & KR K RY % R
§. It#r e L, Shcherbinaetal (2004) 12X 2 4%
WF—% &RT. 12 HZAIZHESOKT, KO LA7AD
MATE L, ZIUIMAITHRT 2T X % $hERA O
R, EREOMBME, SiROWAKIMETOWKERET S
72O Th A, WEKIESIE DSW OLAARIZL D 1 HIZ
LALIBD, 2 HEDLY ZAFETLEALODITEA, 3H
WCAB ERET H. ZOEEIREIL Kawaguchi and
Mitsudera (2009) 2SHE% L 7= & 5 1 ZHgkERE (754 >~
B, i~ T 2 <) ok, JaZ X B K
EAINTG VALTREREVZ D, BTV O
S & BREEM L T 578, STk AEREICE b
RIS EETH L 2 Eh s, RFEOERIZK
ELTTELETwEVwZ S, FLIZIE JIMEL" 3
BRICB U Bk AEE R bR $ 25, BERRG Z &2 e

FEERE DEIID TN TH o 72 KGR A E R
KEBIET 5 L OWKEETINTLEEZONS
CEDBHLY, RERIEFNIIKTHbDTHo7. —
73 Ogietal. (2001) &, 72a—VIlEEEEFF—Y 2
WK RS RIS E OB H 5 Z L 7R L
CAUZ BRI TR DS E 512 A R — 2 7 A
T2 2L TLOWKEELAIH T L0 L|REL T
L. T A= WG K= 7 R AEREZ S 2 5
REILIEBOERP Eb->TB Y, Hillidkmcs
BN EDVI DD D,

3.2 7 L=V K DEHRE

YIalb—a VEERT, 7 A= VKA A
DL ED L) IR SN T DL BIET 5. 512
I0mESIIBIFBEG L A ERT. T LH—N
N =L 5 BICBEFEORMEKORETE LA L
(4 2), ¥\ BIZHEEICASNAEIESKICES T
% (M5). ZOFTIE, DSW 02 CHE M e
ml o Twah. 5 HOBRR TIZEMORTSEE 72
WKIZHEDNTWD Z L EE SNz,
HHLZVORY AN SEIZA SN L EEHT OGS
TdH b (2000 4F 5, 7 AKICKEITRT). T OEEILN
NIk % b fE 54.5 FEAE O 244 F TH%E L Tw 5.
1999 40 5 A A% B4 &, JLvEEEIEIC iRV o,
JLH X OFWNDFERTE 5. 2000 4£[H H TlL Z o
TUIAHRETH 7%, ZOMIMIHEIZ L 5 L7 < Vi
EEBEEDIT S I ENTE D, Bk 140-142 B, dbifE
54-57 B OHPH T[N X BUS ) o O HAE D ) 13 1999 4F
5H & 200045 A TENZN2.5%x102N/m? & 1.0x
102N/m? TH2H 5, L7~ ik ro/oof (ooldiEK
B, flZa) )T X—=%) ZF1LE10.031 Sv,
0.015Sv (Sv=10m3/s) & HFEDL HN 5.

TR A, RIE T S S AL RSN 25 5
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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.

AR TH - 72,

FEM I D4 oo RURERT T I OB 13 "I L " 928 T
RO TH 2. "Bl FERTIEMLTENZRLT
BN, G LABORMTIL ET e LTHRTE %.
PCRERT T M DR BRI 3.2 B Tili~<72 X 9 12 DSW 234~
ARG LWL BREOMRIZLZEDEEZLND
boo, BFEITIE HEE EZBRICASND L) IEKFIX
K DOFEES 2T B, £72, 4K "DSW L™ F25T
3E LRI MOMRERIIA S R, 2512, i
" FEEBRTH DSW 2EZEL TV 21282 0bb3 2
DIEBRIIAHETH 5. TAUIEIZ & 5 DSW Dk s
7z, WHANO DSW Ok HR S b 720 &5

54N 54.4N 54.8N

8: X6 &KL 72721, 1999 4E 7 3. (a) “JIEL",

(b) “HAEL", (c) "DSW #EL" FEERKEE.

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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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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