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Table 1. List of oceanographic observation cruises in
Nemuro Bay.
cruise date interval day Cruise
Interval #
(CD
2007
0704-3 April 24 16 1
0705-1 May 10 5 5
0705-2 May 15 13 3
0705-3 May 28 8 4
0706-1 June 5 8 5
0706-2 June 13 13 6
0706-3 June 26 8 7
0707-1 July 4 8 8
0707-2 July 12 19 9
0707-3 July 24
2008
0804-3 April 24 1 1
0805-1 May 8 7 5
0805-2 May 15 14 3
0805-3 May 29 6 4
0806-1 June 4 13 5
0806-2 June 17 10 6
0806-3 June 27 1 7
0807-1 July 8 8 8
0807-2 July 16 7 9
0807-3 July 23

nrt/) XV ABENTVS 1km HfRfEDO 7 oo 7 ¢ v
a BENMERS &, REBZ ST FELIM O
TEEEIC 2 T ENH 5, REMRBILE O HIKRY: EH
B & EE T A TRV &S, HS (2010) O
fefid 2 & O WiEwERNORNIZ 0 T, BAEE
VORI 7o+ 2, 2 & ZEIREFEDERB) 5D
KEEHBOEADSHENE NS, L LKL, IhE
TOWFIIKEL AN T 2wl T, 8B m o
YIS AW S 1T L2 Bl 75 0,

AT IRET» SPIEITH T TOREEIIOVT,
RIBDOHEYNEE) %X 2 BIEED O DYVEHk 2T 55
—EBEE LT, BUEINKO R v 7 ZEF VARV TEN
DKk DlnkEE g S D, MHERAS X OCHERRO
WM 5,

2. ¥4

AN I R ER AR E O FHEM 0 o J L
X0, 2007 HEBLT20084FED 4 H Mo THIF
<, )1 EERTEEREIC>E 10 BF>{Thb i, B
HIH % Table 1 12779, BRICKBIM A ORI H T 2 ik
ma b sEa b, T oz THi#RER (Cruise In-
terval, CDJ &FrL, R ELICHCHFSZMFT WA
¥ 0704—3 & 0705—1 DfiEid 07— CID o ARBFFEDfiEHT
WH WIS RIRFHIO T 54 i 5 55, Paal)i
DN 74 vBLUEEHOMOF 714 12 654, BT
B2 HTHTI9RTH S, DB, SealkoiEOf7
BEOERICIDBENORAF 1458, BAXSEATH S,
B4 VIEBI KOO GHIED 25 O 1,
4, 7, 14, 21, 28km TH %, WL OEE#% Fig. 2 1<
T Kilnd L U SmOMITicid, STD (JFE
ALEC #:#, AST200—PK) ¥ — % %2H W7z, HlER
bRl 0.2 m, #PHIZ#EmEA» SBEELIm £$TTH S,
STD #RIZ &R L TiTh i, BB 2 Hic>o0
T3 2007 ££i 1[m], 2008 Fi 4 [ARAIL TV 5,

fRABERANICNZ, 7= oA —ick 2 EGEEN &7 -
7oo WfPERITR S R O/KEA L ERTT—2 &L T,
FAPEEMN Ikm i IcikES N7 — s v — (JFE
7 Koy oy 7t Compact CTW) DIKIE « ¥l
TRV, FRBERET—5 & LT, WmalED 1.4
kmficEsnicr—snii— JFE7 F NV T 57
## Compact EM) DfizH W7, HIEHKICE NS
20 W of#EZ <7 MR LT LRHBE Ol E L,
E5IT 1 H 24 fisyE~Ny VL THIEEREE L
72o BB, TNODF— ¥ v —#HIE 2008 LG D
7o, 2007 FEDOEIR SV,

FFRREO R DI, JIEKER SRR IS ek
B (HIIE EABEER) hiEF R & D iRt s /v
BNRET — 5 #A\Wic, £REBORDEE RS
FeHICHWIRE O « BT — 213, KRBT H -4
~ — vV (http://www.jma.go.jp/jma/menu/report.
html) & v S L 7,
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D QJRPRL EEIRFIC, INFHERAZRET 2GR O
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Fig. 5. Time series of (upper) sea surface tempera-
ture (SST) and (lower) sea surface salinity (SSS)
at Sts. T—3, T—4, T—5, and off Notsuke Penin-
sula. Air temperature at Betsukai is shown with
SST (upper).
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HpE s, s omhiEic b 2 25l B 5 HREK
BAERT . 4 HEPFEFEKDI 0 &b 5 91Kk L
TWEIEDS, MEKRPEZHALILEEZ SNBD,
4 A AL o AR o BRI R 3K H 2 5 23
HBICHEAKLTWa, 4 AN S THITh T TONVEHE
B X ORAERKKEE, 2007 403 9.52m’ !, 507 mm,
2008 13 8.50 m’s !, 359 mm TdH 5,
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Fig. 4 OENKEN D &, BESHOKIES L O
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Fig. 6. Stick diagrams of (a) daily mean and (b) 5—
day running mean current and (c¢) time series of
direction of daily current (solid line) or daily wind
(dotted line) in April —July, 2008 at 1.4 kmoff
Nishibetsu River. The direction is defined by differ-
ence between the coast line around river mouth of
Nishibetsu River and current (or wind) direction.
Positive and negative values correspond to clock-

wise offshore and anti— clockwise land, respec-
tively, directions. Black triangles indicate observa-
tion date (see Table 1).
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BHNOLEEBL U NER Box 1 &2, B LEETNE
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GBI OSBRI Pl s & 2 50 d 553, Ak
(1982) OWETIE LJEE NED H i Ic 81 15 7%
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Fig. 7. Stick diagrams of (a) daily mean and (b) 5—
day running mean wind speed at Nemuro in April—
July, (upper) 2007 and (lower) 2008. Black trian-
gles indicate observation date (see Table 1).
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Fig. 8. Daily mean flow rate of Nishibetsu River and
daily precipitation at Betsukai in April — July,
(upper) 2007 and (lower) 2008. Dotted lines show
mean flow rate during each cruise interval Q...
Black triangles indicate observation date (see
Table 1).
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Fig. 9. (a) Schematic view of box model and (b)

geometrical boundary of boxes. Qu, @i, @r, s,
Q.+, Qu-, and Q. are volume transports of horizon-
tal mixing at upper layer and lower layer, vertical
mixing of heat and salinity between Box 1 and Box
2, vertical advection, and southward advection
from off Notsuke Peninsula, respectively. @, stands
for fresh water input, and SH for heat transport at
sea surface. T; S; and V; (i =1, 2, 3, 4) are mean
temperature, mean salinity, and volume of each
box.
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Fig. 10. Seasonal changes of (a,d) mean tempera-

ture, (b,e) mean salinity and (c,f) mean density of
each box in (a,b,c) 2007 and (d,e,f) 2008.
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Fig. 11. Time series of heat flux at sea surface in

(upper) 2007 and (lower) 2008. H, H, H., H, and
H,., are heat fluxes of short—wave radiation, lon
g — wave radiation, latent heat transfer, sensible
heat transfer, and total heat transfer, respectively.

FIEEICEIMERICH 5, B0 ERFITL D, KEKFE
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X (D OREEOUGHICE T 2Bk E SHIZTOL
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F— 4 OHPEEERCT, ~SuvsiE (BHEH - BRI,
1997) I THEIL 7o IEMR DB %E SH 13,

SH=H,+H.+H,+H, »)
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JEGEE % 2 f5ic LT Ltce HEESiRKER L, £
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Table 2. List of physical parameters for Nemuro
Bay.
A size of vertical section at baymouth 5.62x10°m*
B area of bay 6.00<10°* m*
C. length of coast line 3.32x10" m
Dy mean depth of Nemuro Bay 13 m

R flow area of rivers facing to Nemuro Bay 2.13X10°m®
4.50%<10° m*
7.60x10° m*

R, flow area of Nishibetsu River
V' total volume of bay

B « EAI (1997) o~ vy XA WTER L7z BE
BN % Fig. 11129, &g 2ins 8 o 1 13 RK
Do ORSHEE RS, AR Hi3 6 H N
AT 340~360Wm ™ 12T 52 —H T, WA
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Table 3 Flux values of vertical circulation for each cruise interval.

year CI @(m’ ™)  Q.(10° m’s™") @u(10° m’s™) @r:(10° m’s ™) Qr(10° m’s™) r(=Qs/Qr) Q.(10° m’s™")
mean mean mean mean mean
2007 1 77.8 2.38-3.03  3.11 0.24-9.30 6.03 0.00-9.07 3.28 5.48-13.10 8.23 0.26-0.81 0.54 0.04
2 51.3 1.08-2.61 2.05 0.28-8.90 5.73 4.84-12.90 7.80 3.79-8.69 5.59 0.01-0.51 0.26 -0.15
3 95.1 0.21-1.72 1.16 1.08-7.65 5.22 0.18-6.81 2.63 3.29-7.81 4.96 0.42-0.56 0.49 -0.08
4 42.3 3.07-4.74 436 0.02-8.53 6.58 2.87-14.03 5.43 1.05-6.52 2.31 0.01- 0.96 0.49 0.02
5 51.7 6.60-6.94 6.81 16.80-21.79 19.81 2.03-8.35 4.53 1.80-3.42 2.44 0.01-1.00 0.51 0.09
6 76.6 1.01-1.88  1.57 0.08-7.31 4.72 0.06-9.82 3.56 1.94-4.67 291 0.01-0.97 0.49 -0.01
7 37.0 0.01-0.37 0.21 3.76-5.90 4.94 0.16-3.03 1.44 2.72-3.80 3.20 0.01-0.33 0.17 -0.04
8 48.6 - - — - — - - — - -
9 97.4 — - - — - — - - — -
2008 1 28.1 11.32-12.49 11.87 11.31-15.79 13.68 0.09-10.47 4.98 4.29-5.10 4.67 0.18-1.00 0.59 0.07
2 34.1 1.72-1.84 177 1.77-7.18 5.02 3.25-10.66 6.22 3.78-6.98 5.06 0.01-1.00 0.51 -0.03
3 78.5 1.04-2.28 1.88 0.31-14.84 10.12 0.91-16.55 5.99 6.18-18.73 10.25 0.01- 0.85 0.43 0.05
4 32.5 0.27-0.74  0.55 0.04-8.61 531 2.72-8.66 5.01 4.77-9.73 6.68 0.01-0.61 0.31 0.03
5 59.6 0.29-2.03 1.49 0.18-31.11 21.58 1.88-19.89 7.43 3.67-12.47 6.38 0.01-0.87 0.44 0.02
6 45.6 — - - — - — - - — -
7 45.8 1.66-1.80  1.75 14.29-16.80 15.92 4.42-6.05 5.00 0.92-2.32 141 0.01-1.00 0.51 0.07
8 69.0 0.41-0.74 0.63 10.69-18.68 15.85 0.01-5.29 1.88 1.39-3.45 2.12 0.10-1.00 0.55 0.04
9 99.6 — - - — - — - - — -
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Fig. 12. Seasonal changes of volume fluxes (X 10° m
s ) in 2007 (upper) and 2008 (lower). Black tri-
angles indicate observation date (see Table 1).
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Vertical volume fluxes in Nemuro Bay during spring
and early summer

Sachiko Oguma !, Tomonori Azumayat?,
Shigeru Montani 2 and Mitsuhiro Nagata t3

Abstract

We estimated sea water budget caused by vertical mixing and vertical advection in
Nemuro Bay using oceanographic data obtained from April to July in 2007 and 2008. Based
on vertical distributions of temperature and salinity, we applied two—layer box model ad-
justing to heat and salinity budgets between inside and outside of Nemuro Bay. It was also
examined how the difference between thermal and salinity diffusion affects to vertical trans-
port of sea water. Vertical volume fluxes caused by vertical mixing and vertical advection
were 1.05—13.10x10° m’s " and -0.15—0.09 X 10’ m’s " in 2007 and 0.92—18.73X10’ m’s ' and
-0.03—0.07x10° m’s™" in 2008. It was suggested that vertical mixing as well as horizontal
mixing largely contributed among the processes of sea water transport in Nemuro Bay.

Key words: Nemuro Bay, vertical transport
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