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Average Age of Deep Circulation in the Japan Sea

Yutaka Isopa® and Takafumi ARAMAKI

Abstract

Selecting the parameters to represent vertical distributions of potential temperature and carbon isotope of 8'*C obtained over

almost whole areas in the Japan Sea, the average age of deep circulation was calculated using vertical one dimensional multi-lay-

ered model. The model results suggest that the maximum age of 160 year appears near the depth of 2,000 m and a reasonable

vertical diffusive coefficient is around 2 cm’ ™", A sinking volume transport to deep water below 1°C is estimated to be about 1.3
Sv (1 Sv=10°m’s™"), which has the same order of magnitude as the inflow volume transport of the Tsushima Warm Current.
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Bathymetry in the Japan Sea and all hydrographic obser-
vation stations in the cruises from 1999 to 2005, spon-
sored by Nuclear Science Research Institute, Japan
Atomic Energy Agency (JAEA). The Japan Sea is
divided into five areas marked by capital letters N, S, E,
W and Y for convenience, but we do not use such geo-
graphical divisions in this paper.
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Fig. 2. Vertical distributions of potential temperature obtained at all hydrographic stations, which are displayed with different sym-
bols for each observation year. The horizontal axis of (b) is changed from the equidistant display of (a) to the logarithmic
display. Thick red line is the final vertical profile of water temperature reproduced in our model, i.e., the profile of case B

described later.
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Fig.3.  Schematic configurations of the water temperature frequency distribution map of sinking surface water in the range from 0 to
1°C and the vertical profile of water temperature from a depth of 250 m to the sea bottom (left panel showing the sinking
region), and both lateral mixing and vertical advection processes in the vertical one dimensional model (right panel showing
the upwelling region).
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Distribution maps of (a) water temperature and (b) average age at the depth of 2,000 m in all combinations of sinking rate p

in the range 1 to 10%yr ' and vertical diffusion coefficient Kz in the range 0.5 to 5 cm’s ",
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Fig. 8.

Time change of vertical distributions for (a) water temperature, (b) division rate of sinking volume per year and (c) vertical

velocity (left panels), and their vertical profiles at the final steady state (right panels) in the case B.
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Vertical distributions of dissolved oxygen (DO) obtained at all hydrographic stations, which are displayed with different sym-

bols for each observation year. The lower right figure is the model result with R = 0.7 pmol kg 'yr .
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Fig. 10. Time change of vertical distributions for water temperature (T) and dissolved oxygen (DO), which are responded by sinusoi-
dal change of sinking rate p. Panels (a) and (b) correspond to the cases with 15.625 year and 1,000 year period, respec-
tively. Since the scale of p is arbitrary, we only have to pay attention to the phase relationship between T and DO with

respect to p.
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As the example of thought experiments on population
theory, let’s consider the following two models of the
45-person stationary world.  One is a uniform distribu-
tion of age composition in the case (a), and the other is a
linear decreasing distribution in the case (b).

AT, BN & TR U % 2. T
AE ¥ (average age) T, (X AEHHS AT BB o(1) OWIRFE D & Rt
FEMN, 1,= 0.5 X (9 A/45 N)+ 157 X (9 N/45 N)+ -+ -

e

H O 702),2020.
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Fig. A2. Yearly change in the age distribution of people who initially existed for the cases of (a) and (b), respectively. ~Such peoples

are schematically indicated by green circles.
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Fig. A3 Residual functions showing how the number of people
who initially existed gradually decrease for the cases of
(a) and (b), respectively.

TEHELOBL L TWEMAr—LVThd, LE
FSNb, 22T, WiT— ZAOEEHAO 1 4FEHD 45
ANEBIZ X 7% ) ke ), Zofkto A
BAOREIZWA LT BT 2 4 HF T 1 EBOBERX
K& LTFigA2D @ & Gb)IZRLZ. F—ZX@iF1
EIZ9NT WA, 7 — A (D) IEDHEDIZONTI A,
SN - I ATOBP LTV ZEDDbh b, Fig A3
D (a) & (b) TX, ZTD LX) RWPOFET (Fet o AL
AMEE TORDEEE L TFR L. ZORAEE
M NEL 45 N THAEAL L 7B 5L r(r) & RERIFE 3
L, [EOEREEH : ] 2Rk b5hb, F—A (@) T
13 1,=05 x5 Nds N+ 14Ex 36 Nids N+ 1 4F
X(27 N/45 Ny« - -+ 15 x (9 N5 N)=2.54L 75T,
C OMEIXSEICETE L7 PR 1, =25 I L v 7 —
A (b) Tl t.= 0.5 4 x (45 N/45 N)+ 14Ex (36 /45 N)
+1AEXQ8 ANA45 N) - - -+ 14X AN45 N)=3.174
Lo T, INHFEER T, =317 FIZE L, 22H
OHIRECHRE LT, £ 1.=1, 252 LDbhD,
Mz T, 3 DOEMIGEO Tl FI9ER T, 215N A%
DANEEDL ) BEOME (7 — A (a) & (b) D) %5
iT&ELTENbhrDL, ZOL)HREHIZLY, Kz
Tl HARMERRE O MK 3SR me ) % PR R (£ 7213
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YRR TR L T b D TH 5,
182 C MK SGHROBEEIZ X B 3 DO O PR

A% CTUE R DS IR L 72 K S 3 0 L AR A 720
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AT O HER R D X 0 HEN THAE IR O E 2 H12o
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Takeoka, 1984, 1987, 1991) & ZE 2 &N/ WE, &)
SWE O R T Mo (45 N D EFHEFATRIIG), it A
BEFERIANORER O ICHIN) &5 L, &
FRIRER To (X HAIS

To=Mo/F (A3)
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LTIRLTVAEENRZVEI ) IZEDNE, Lo L,
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DERDPEDGEHEN D, &2 AHDS, S RYEDER
AT BAEL o) IZARHN R 0T ERFERIC, FE A DIEREO U
KPEAE L TOTEBEDOD WD T), (A13) Rz Hwv
TPI4EMTL, 2RO D 2 LIINEETH 5,7 2 TEHER,
[ L (A12) 2 B0 R L 728212 (A1) R E W TER
5
Tr__HMO—M(r)]

Mo

00

+[]“[7M° ;41:/[(1) ]dr

:—0+£xr(t)drzﬁ)mr(r)dt (A14)

ERY, T 3EREME () THCTOEETE 2 2
AL SN D, bbb, FlofiEE e e bh
53 ed, HAHRERTRIE @A) LRWE 0
Maeif~nbZepTEL, Py 2HEET 52
ENTE %, Dbz T Lod b fF5kB OERE R,
WA AN D L REINE I @, TR S L, £ 0
EIIRABE r(r) DR TROOND, Lk bo

— 132 —

o 70(2), 2020.

z £ X ®

BIHREZHR - B 2 (2017)  HAUTEBIEER T DO ZHIZ
LIRS F 2 IR — & DR LRIKEEHR, 65,
77-91.

Choi, Y.J. and Yoon, J.H. (2010)  Structure and seasonal variabil-
ity of the deep mean circulation of the East/Japan Sea (Sea of
Japan). J. Oceangr:, 66, 349-361.

Gamo, T. and Horibe, Y. (1983) Abyssal circulation in the Japan
Sea. J. Oceanogr: Soc. Japan, 39, 220-230.

Gamo, T., Nakayama, N., Takahata, N., Sano, Y., Zhang, J.,
Yamazaki, E., Taniyasu, S. and Yamashita, N. (2014) The Sea
of Japan and its unique chemistry revealed by time-series obser-
vations over the last 30 years. Monogr: Environ. Earth Planets,
2,1-22.

Harada, K. and Tsunogai, S. (1986) ***Ra in the Japan Sea and the
residence time of the Japan Sea water. Earth and Planetary
Science Letters, 77,236-244.

Kang, K.K., Seung, Y.H., Park, J.J., Lee, J.H., Kim, E.J., Kim, Y.H.
and Suk, M.S. (2016) Seasonal variability in middepth gyral
circulation patterns in the central East/Japan Sea as revealed by
long-term Argo data. J. Phys. Oceangra., 46, 937-946.

Kumamoto, Y., Yoneda, M., Shibata, Y., Kume, H., Tanaka, A.,
Uehiro, T. and Morita, M. (1998) Direct observation of the
rapid turnover of the Japan Sea bottom water by means of AMS
radiocarbon measurement.  Geophys. Res. Lett., 25, 651-654.

Matsuno, T., Endoh, T., Hibiya, T., Senjyu, T. and Watanabe, M.
(2015)  Formation of the well-mixed homogeneous layer in the
bottom water of the Japan Sea. J. Oceanogr., 71, 441-447.
DOI 10.1007/s10872-015-0303-7.

Park, J.J. and Kim, K. (2013) Deep currents obtained from Argo
float trajectories in the Japan/East Sea. Deep Sea Res. 11, 85,
169-181.

Park, Y., Shin, H.S., Yoon, J.H., Kim, C.H. and Yoshikawa, Y.
(2015)  Simulation of eddy-driven deep circulation in the East/
Japan Sea by using a three-layer model with wind, throughflow
and deep water formation forcings.  Journal of Marine Systems,
150, 41-55.

SEFIRRAR - R & - AGIEE - FOERER (2015)  HAE
RIBIEBRIC B 2 IEEAKOIE. LARKEEE 65,
17-29.

BRBESERE (1981) K ACH & WRIEROBEIZ OV T, %
TERAHLEE, 9,287-298

Takeoka, H. (1984) Fundamental concepts of exchange and
transport time scales in a coastal sea.  Continental Shelf Res., 3,
311-326.

R (1984) IBFEHHRO TR, IREREEZE ) —
I, 20, 169-182.

Takeoka, H. (1987) Water exchange in a time-varying transport
field. J. Oceanogr: Soc. Japan, 43,21-27.

Takeoka, H. (1991) Effects of the deep ocean circulation on the
reservoir characteristics of the ocean. J. Oceanogr: Soc. Japan,
47,27-32.

Watanabe, Y.W., Watanabe, S. and Tsunogai, S. (1991)  Tritium in
the Japan Sea and the renewal time of the Japan Sea deep water.
Mar: Chem., 34,97-108.

Yoshikawa, Y. (2012) An eddy-driven abyssal circulation in a
bowl-shaped basin due to deep water formation. J. Oceangr.,
68,971-983. DOI 10.1007/s10872-012-0148-2.



