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The ocean response to the tropical
cyclone over the Kuroshito region

E.N.Golubeva, V.I.LKuzin, A.V.Martynov, G.A.Platov

The ocean response to the tropical cyclone over the Kuroshio region is studied to obtain
some information about the 3-D structures of temperature and current tendencies. The
data for temperature and salinity used in this investigation were obtained at Far East
Hydrometeorological Institute. Diagnostic and adaptational calculations of currents were
made on the basis of 3-D regional ocean circulation model (ROCM).

To simulate interaction between atmosphere and ocean ROCM was completed by
the coupled atmosphere-ocean boundary layer model. In addition to the ocean mixed
layer parameterization this model contains the turbulent closure model for the lower
atmosphere up to 2 km. This model includes parameterization of turbulent length scale,
solar and infrared radiation, phase transformation of water vapor, cloudiness, rainfall,
convective adjustment. The bulk formulas are used to calculate heat, moisture (salinity}
and momentum fluxes between the two media at the sea surface. The boundary conditions
at the upper level are taken to simulate the tropical cyclone crossing this region in the
north-east direction with the speed 56 km/h.

The resulting fields of temperature, salinity and currents show a very regular struc-
ture on the cyclone track. It consists of the mixed layer, deepened and cooled by the
value of 0.18°, the very deep Ekman pumping cell, the tendency of the streams to flow
round the Idzu islands and the deep horizontal recirculation structure.

1. Introduction

The forecasting of tropical cyclones and investigation of their influence on
the global atmosphere-ocean structures are both important problems. It is
common knowledge that tropical hurricanes and typhoons are able to bring
large financial damage for many countries. The theoretical and practical
facilities are now fair enough to give results comparable with the reality.

According to recent advances the intensive cyclonic pressure minimum
arises as a result of non-uniform geographical patterns [19] or is generated
by atmospheric easterly waves [18]. After that the cyclone is fed through
the sea surface temperature anomalies of strong western boundary currents
such as Gulf Stream and Kuroshio [19]. The basic energy source is the
latent heat released by phase transformations of water vapor.
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This study is generally concerning to the Kuroshio region that is also
known as one of the most cyclogenetically active zones. Among the features
contributing to the predominance of cyclogenegis are enhanced coastal baro-
clinic zones maintained by the strong thermal contrast between the cold
continent to the west and the relatively warm ocean to the east [20].

The influence of the tropical cyclones on the internal structure of the
ocean is interesting to understand both the direct response to the intensive
storm forcing and the general ocean circulation changes. There is a hypoth-
esis stated that the tropical cyclones are able to intensify the anticyclonic
large-scale circulation in middle latitudes followed by the development of
strong barotropic instability of jet stream and generation of barotropic
eddy-waves propagating to the neighbouring regions of open ocean [17]. As
a direct response it is known some observations confirming that long-time
stable position of the cyclone leads to the ring circulation with cold water
lifted in the center [5]. This provides with a chain of negative adverse effect:
sea surface cooling — evaporation decrease - decrease of heat escaped after
condensation and as a result cyclone relaxation. The negative temperature
anomaly rested after that can affect further atmosphere processes.

The main purpose of the paper is to reveal the direct response of the
ocean to the tropical cyclone that moving fast through the region of the
Kuroshio jet stream and strong subpolar front. As a secondary purpose
we shall look after the Kuroshio stream position as it may deal with the
problem of bimodality [15].

2. Regional ocean circulation model (ROCM)

2.1. System of equations

The model governing equations are the primitive ones written for the sphere
of radius a in spherical coordinates (), 8, z) (z is directed from surface to
bottom):
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Initial and boundary conditions are:

at the ocean surface z = 0:
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at the ocean bottom z = H(A,0):
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at the liquid boundary Gj:
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where N and K are normal and tangent unit vectors to the G = (G UGj3)
surface accordingly.
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u, v, w — the velocity vector components by the (A,8, z) coordinate
directions respectively,
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