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ABSTRACT

A scheme is presented to improve the representation of a tropical cyclone in the initial condition of a high-
resolution hurricane model. In the proposed method, a crudely resolved tropical cyclone in the large-scale
analysis is replaced by a vortex that is properly specified for use in the prediction model.

Appropriate filters are used to remove the vortex from the large-scale analysis so that a smooth environmental
field remains. The new specified bogus vortex takes the form of a deviation from this environmental field so
that it can be easily merged with the latter field at the correct position. The specified vortex consists of both
axisymmetric and asymmetric components. The symmetric component is generated by the time integration of
an axisymmetric version of the hurricane prediction model. This ensures dynamical and thermodynamical
consistency in the vortex structure, including the moisture field, and also compatibility of the vortex with the
resolution and physics of the hurricane model. In the course of the integration of the axisymmetric model, the
tangential wind component is gradually forced to a target wind profile determined from observational information
and empirical knowledge. This makes the symmetric vortex a good approximation to the corresponding real
tropical cyclone. The symmetric flow thus produced is used to generate an asymmetric wind field by the time
integration of a simplified barotropic vorticity equation, including the beta effect. The asymmetric wind field,
which can make a significant contribution to the vortex motion, is then added to the symmetric flow. After
merging the specified vortex with the environmental flow, the mass field is diagnosed from the divergence
equation with an appropriately controlled time tendency. The wind field remains unchanged at this step of
initialization.

Since the vortex specified by the proposed method is well adapted to the hurricane prediction model, problems
of initial adjustment and false spinup of the model vortex, a long-standing difficulty in the dynamical prediction
of tropical cyclones, are alleviated. 1t is anticipated that the improvement of the initial conditions can reduce
the error in hurricane track forecasting and extend the feasibility of tropical cyclone forecasting to intensity

change.

1. Introduction

Results of experimental predictions using the mul-
tiply nested movable mesh (MMM ) hurricane model
of the Geophysical Fluid Dynamics Laboratory
(GFDL) are encouraging regarding forecast capability,
when combined with the National Meteorological
Center (NMC) T80 global analyses. The model could
simulate the accelerated movement of Hurricane Glo-
ria (1985) as well as many of its observed structural
features, including the strongly asymmetric distribu-
tions of the low-level wind and precipitation (Kurihara
etal. 1990). On the other hand, the mismatch between
the fine resolution of the hurricane model and the
coarse resolution of the analysis, as well as physics dif-
ferences between the hurricane model and the NMC
model, caused a significant period of vortex adjustment
after beginning the above-mentioned experimental
predictions. Evidently, the NMC analyzed initial vor-
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tices, which were too large and too weak, underwent
false spinup in the course of the model integration,
especially during the first day or two of the forecast.
Due to the slow spinup of the initial vortices, fore-
casting the storm intensity was out of the question, and
predicted storm movement was often erratic in the early
period of model integration. In one case, for example,
the movement of the surface pressure minimum was
strongly influenced by the low-level strong convergence
that formed far north of the storm center during the
vortex adjustment period. Apparently, this caused a
deviation of the forecasted storm track from the ob-
served track.

It is clear that resolving the problem of false spinup
of the vortex will improve the skill of dynamical pre-
diction of tropical cyclones. One solution is to make
the initial model vortex more realistic, although this
depends on the availability of often scarce observational
data. The idea of improving the tropical cyclone rep-
resentation with an empirical realistic vortex, often
called a bogus vortex, is not new. Recent examples
have included the works of Iwasaki et al. (1987) and
Mathur (1991). An important and still unsolved issue
in such an approach is that of vortex consistency with






