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A SIMPLE MODEL FOR THE THERMAL STRUCTURE OF
KUROSHIO EAST OF TAIWAN*

Miao Jingbang
(Institute of Oceanology, Academia Sinica, Qingdao)

ABSTRACT

It is assumed that the thermal structure within sea area is mainly dependent on the
inter-equilibrium between vertical thermal convection and turbulent thermal diffusion if
the distribution of temperature at the ocean boundary are given. A simple model of
the thermal structure in the Kuroshio east of Taiwan is set up on the basis of the above
assumption.

Suppose that the motion taken should be steady, without B-effect and wind stress,
and the momentum transport caused by horizontal turbulent mixing should be neglec-
ted. The equations of motion are taken as he quasi-geostrophic balances and hydrostatic
equilibrium, but the vertical turbulent viscosity term is added to V-equation. The Bous-
sinesq approximation is utilized in the state equation. There are two terms (the vertical
convection and diffusion) in the thermal equation. The approximate treatment similar
to Oseen approximation is applied in this paper in order to make the thermal equation
linearized.

In the strong stratified fluids, the vertical structures of the temperature and velo-
city fields mainly depend on the vertical boundary conditions because of the limitation
of the constant coefficients of viscosity and diffusion. The Kuroshio area which we are
interested in is adjacent to the east of Taiwan, which is only a strip of the west-boundary
of this area. The vertical distribution of temperature is given as follows:

T = T* + ae® <§:—“»>3. 1
a i 1

This formula is taken as the thermal boundary condition to model the vertical dis-
tribution of temperature in the west-boundary of Kuroshio observed.

After the equation system is converted into nondimensional one, using non-dimen-
sional variables, it is simplified into a two-demensional T-equation, but it is worfh noti-
cing that its boundary condition at surface and west-boundary are nonhomogeneous. By
means of the boundary layer technique of scale-transform and Fourier sin-transform,
the T-equation has a solution as follows:

T =7+ Te 4 #gin(Ne — BL)

21T “(pB + gA)sin —;i x sh 7—;& g

oo

=
A+ B o chwif 4+ cosnzx ds

* Contribution No. 1068 from the Institute of Oceanology, Academia Sinica.
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in which all other variables are pre-specified except z and 2.

The main characteristics of the thermal structure in Kuroshio east of Taiwan as
indicated by the mode] solution (2) is fairly consistent with the results oberved in the
area in March, 1966. Behaviours of both of their vertical temperature distribution plots
are shown below:

1. Horizontally, the temperature gradually increased from the east coast of Taiwan
eastwards to the place called ‘‘thermal nucleus’’, 70 km away from the coast, then gra-
dually drops farther eastwards. 3

2. The vertical distribution of temperature was nearly homogeneous in the surface
layer (from surface to 100 m depth). The strong thermocline used to appear in the 150—
300 m depth and its variances in temperature were about 10°C or even more. The tem-
perature under the thermocline decreased with the depth slowly and down to 4°C at
about 1000 m.

3.  The nonhomogeneity of latitudal distribution of temperature (horizontal gra-
dient of temperature) decreased with the off-shore distance and the depth. The ‘‘hol-
low’’ phenomenon of isotherm near 70 km was only restricted to the upper layer (from
surface to 250m depth ) This phenomenon appeared not to be obvious under 250 m-
layer where isotherm just inclined downwards from the coast and its downwards slope de-
creased with the depth and within about 800--1000m layer the isotherm was nearly
horizontal.



