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Climate Change and Physical Process Associated
with the Tsushima Warm Current

Yutaka Isopa

Abstract

It has been considered that primary driving force of the Tsushima Warm Current (TWC) is the net pressure
difference between the south and north straits, i.e., inflow-outflow dynamical process. On the other hand, the most
intriguing aspect of surface circulation in the Japan Sea is the tremendous contrast between the incoming, TWC
water and the cold water north of the polar front. So, the theory developed for inflow-outflow dynamics should

be modified to include the thermo-dynamical process.

To start a discussion for dynamics, we need to briefly review

the scale of TWC system in space and in time. Next, I solved the heat equation containing the lateral heat transport
from the East China Sea and sea surface cooling at the annual mean state in conjunction with the geostrophic

equation of motion, and boldly predicted the TWC change caused by global warming.
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(a) Annual mean thermal map at the depth of 100 m in the Japan Sea and the schematic view of typical warm
(b) Schematic view of current system across the meridional vertical section in the Japan Sea.
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Fig.2 Horizontal distributions of (a) the long-term mean winter SST and (b) the amplitude of winter SST with the

period of 20 years (Isoda, 1999a).
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Fig. 4 Mean water temperature in August at the depths of 100 m (upper) and sea bottom (lower) during (a) 1974-1980

and (b) 1981-1988 (Isoda and Tanaka, 1999).
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Fig. 6 (a) Annual mean thermal map at the depth of 100 m around the Japanese islands.
Ts and Tn: water temperature along both sides of the polar front ; Te: water

schematic view of current systems.

temperature west of the Tsushima/Korean Strait; U : the throughflow current speed of TWC.
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This map also shows a

(b) Schematic

distribution of water temperature in a simple two—box model of the semi—closed Japan Sea, which has a throughflow

U in the south box and a heat flux Q through the sea surface.

L : transverse scale; Ln and Ls: side-wall scales

of north and south boxes; Ss=LsXL and Sn=LnXL : sea surface areas of both boxes; H: thickness of each
box; 1: meridional mean distance between both boxes; g: acceleration gravity ; p: water density; f: Coriolis
specific heat (Isoda, 1999b).

parameter ; « : thermal expansion coefficient; C,, :

8



E

Tn=T5+ 205" ®)
ﬁ:?e—[(.w (6)

(1+r)sM-r,Sn

g'HZ'c}'.liS'p°Cp, K:p.H.C}D.Kh.L -
B2, ZOEFEBIAGHBEROAE Tn HSHEEIGHIE Q
BschH 20zt L, RO BRI OKE Ts 13 Q @
BIECII Ry, L BRECERERT, Thbb, K
FARH (d/dt— 0) D¥EFmmEEIEE LT, BATHRIL
DOABIFARE S ZLT 201U, SHEERBOKRIZIZE
EAEE LW EREWRT 5, 2O XD AL, &
% SST O+HFER T —NVEFCA SN FHEERI U TH %,
TN LI XD BT ARSI, HERERL TV
WET, b OFEREED T RICEE R RE 28
LT, BB A, BIEREFIET 2 €T VGRS
HUE, TOETNVIEILURETONLIREHERFICH S, &
T, CIC £ETVERWEHERAr —VEFOHEBMIZ ED
BEOLDZDOM?

ZZT, M=

CIC ®ET I ARAW:-+ER T —IVEEINEHIR

REL CICET VEHEKTEIES R LS LT 2 L
&, WEEER O & I3fHEICE2 2 L3 TE R WRA
DINTG R=FB—D T b b, ZIIIHERIEREREY] 2 B
EEELEAT DKHEBR K, THY, ZORHEOKE
SWRETNVIDEDRIR 7 — VB RD 2 EHE L /NT X —
FEiBb, TITIE, (6)RIC Te+ Ts DENIGAE (@B
) 252 TK, #FHL, JLERFH (t,~L-(Ls+Ln)/K,)
T 3 &, t,= 1020 ERE SN B, TRbb, 10~20
FEr v yEFMOEFTHNIE, CIC T IVIFEHEFIUT
WIREETRTDTH S,

SBITHBA U T BARYEDOTEEA 7 — VRSN, SR &
EIFREED 10~20 EDOFIFFICH 2, £ TDINT XA —F &%
EL, HABBKDOKIEME (Te=18C) ZHEEL7z&MHDDd
&, YWEHEGHEIE Q % 15 A Cmfl Lz & & OFTEREFR
% Fig. 7125~ 3 (Isoda, 1999b), 753, Q O N IZBRAS
RE»oE5z ons28, 15FFRYO QIREM FEFI/IhE 0
RIS & HEE) DSIEREICIZ b0 578\, % 2T, ILEER DK
IR Tn O&IRIEDS 2°C BHEFERE2SR) &2 % QRIEHE
EEE LT, BHERSRIE, JEEYEEIC B U 2 2RI E 2°C
AKIEZE Tn ot LT, SBEBEFIEOAKE Ts O LIRIEH
05C AT D/NS BB & 705 2 & BT G EIDIK &
BRI, JEEREEROKE Tn 20K E BT 57
0, FALAAOAKIRZE (Ts—Tn) (B L 72 3R & i
U (RARIZHIE) BRE M 22 ER2RLTW5S,
Z I 1980 AR (IE/KIRIH) DOBIERER EFE L2V, £
LT, MEESHIOA X 2R B> T b BB O AR
Ts BAELAETLURWEER, 20k &, CICIZ X 388K
DF|EAAE FAR) PAXL 2D, AENZRBEEHEIC

9

B SURZEL LA RER DI

& 2K EREAEEISENC & 2 ABE TR EZIIHIL T
27D ThHb, SoREAHOEBmMSHEOEE 2E 21
iE, BRI OKE Ts OIRIFIF S 51T 0E, EF
iRt (6) ROFER %2 2 EMNHEREINL S, TDETIVEE
BIX, b 0EEY) EEREOBRERRL S £ T
&, KBEEFHDY 7N (FER 7 —IVEEH)) DN
WG RHBREFIER) 7505 L ST, DA%
HILODIIERTH S Z 2 EHELT0D, k¥R, K
B e LTI TE R WD, YRR DK ik &

q —_—
~ 8 (Te=18°C)
'E (5EFHD
E A BEAHEE)
=
X a Q
-
- A N
© 1 |
O |
I |
i |
S ! | T
[+ ]
" 0.0 25.0 | 500
|
|
2 GtEEnfkE) '
o™ | |

Water temperature (°C)
10

2°C
i TTﬁi—AL
2N —
= /r\u/ ; | 3
c ' 1 fi |
0.0 250 ! |50.0
L
Vo
o . (HEIIL L
= RAE) U
u
v

Volume transport (Sv)
3.0

2.0

50.0

(%)
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Fig. 8 Predicted changes in the TWC (i.e., Ts, Tn and U) caused by global warming in the cases of (a) the linear

increase in Te and (b) the linear decrease in Q (<0).
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