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Fig.1  The general circulation of the coastal aress of Fujian and Zhejiang in winter
a: The general circulation of the first layer in o coondinate( em/s) 3 b—d: Distribution of vertical components

in 10m layer and section 25°45°N and 29°15'N( 10~ *cm/s)
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Fig.2 The experiments of wind-driven upwelling
a,b; The mean wind-driven upwelling (em/s) 5 e,d; Vertical component of doubled mean wind filed in 10m

layer and section on 25°45'N (10 emss)
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Fig.3  The experiments of the Taiwan strait water impact on the coastal upwelling

a.h:Cases that in the condition of shutting the Taiwan strait; c, d : Distribution of vertical companents in 10m

layer and section on 25°45'N when doubled Taiwan strait water (10~ *em/s}
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Fig.4 The experiment of shutling the entrance of Kuroshio current in northeast of Taiwan

a: The general circulation of the first layer in 5 coordinate( em/s); b—d: Distribution of vertical components in 10m
layer and section 25°45' N and 29°15'N( 10~ *ems's )
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NUMERICAL STUDY ON WINTER COASTAL UPWELLING
OFF FUJIAN AND ZHEJIANG COAST

PAN Yu-Ping, SHA Wen-Yu
( College of Meterology, Institute of Science and Engineering of the Chinese People’ s Liberation Army, Nanjing, 211101)

Abstract Many studies were done about the coastal upwelling off Fujian and Zhejiang. But most of them were ob-
tained by analysis of observational data, or by diagnostic analysis. Few were done by numerical study. The factors
considered were not complete. Although wind stress, topography and current had been thought as important factors,
the effects of them however, were not fully described. This paper takes the coastal of Fujian and Zheijiang as an ex-
ample, dynamical factors that influenced the coastal upwelling off Fujian and Zhejiang were studied in detail .

A three-dimensional nonlinear baroclinic shallow water and continental shelf model with primitive equations in o
coordinate system is used in this paper. The model equations were come from the prime equations in spherical coordi-
nate of the lamellar ocean flow, went through the reduction such as shallow layer approximation, sea water incom-
pressibility approximation, Boussinesq approximation, static equilibrium at vertical direction and horizontal isotropic
turbulence approximation, then changes into the o coordinate. Wind stress on sea surface, sea bottom friction stress,
vertical eddy viscosity and vertical eddy diffusivity are parameterized in the model also.

The horizontal grid used an “Arakawa C” differencing scheme in this numerical model. The difference scheme of
nonlinear advetion term in horizontal momentum equation is semimomentum scheme. The baroclinic part of horizontal
pressure gradient term is calculated in z coordinate after pressure is interpolated to z coordinate. The difference
scheme of advection terms in temperature equation and salinity equation are upstream scheme, all other terms used
centered finite difference scheme. The calculated area bracketed 117°—125°E, 24°—32°N. Horizontal resolution is
7.5 x7.5" and vertical resolution is 11 layers.

The boundary condition of the model is as followed: Sea surface boundary is free sea surface with the action of
really wind stress, in spite of the salinity change induced by physical process such as precipitation and evaporation on
sea surface. Sea bottom boundary is viscous and moving, no salinity and heat exchange between seawater and sea
bottom. The shore lateral boundary is viscous, no salinity and heat flux. On lateral water boundary, water level data
is got from the observational data; boundary flow is got from investigation data or radiation boundary condition when
the calculation consider the action of boundary flows; salinity and heat transport is in stationary and no gradient out at
boundary. The initial condition of the model is: When calculating sea flow, initial velocity, water level and salinity
are constant ; the initial flux through the five open boundaries used Zhao baoren’s (1991) investigation data.

In order to better understand how wind stress, Kuroshio current, Taiwan warm current, Changjiang River dilut-
ed water, topography and tide impact on the coastal upwelling, winter upwelling in the coastal areas of Fujian and
Zhejiang (South East China) was computed. Results show that the influence of wind stress and Taiwan warm current
are main mechanism on the upwelling existing in the coastal areas of Fujian and Zhejiang winter. Tidal nonlinear ef-
fect and the sea bottom topography are also important factors . The upwelling off Taiwan and the areas east of Taiwan is
influenced by Kuroshio current. The Changjiang River diluted water has only a minor influence on winter coastal up-
welling.

Key words Coastal Fujian and Zhejiang, Upwelling, Latitudinal section, Numerical study
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