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Influence of Friction and Nonlinear on the Initial
Baroclinic Perturbation Development

Yuan Xian and Tan Zhemin

(Key Laboratory of Mesoscale Severe Weather of Ministry of Education, Department o f
Atmospheric Sciences s Nanjing University, Nanjing 210093)

Abstract A two-dimensional nonlinear baroclinic Eady wave model is used to study the dynamical
mechanisms for the rapid growth of initial balanced perturbations in the baroclinic system. The advection
effect of baroclinic shear flow on perturbation potential vorticity leads to the “potential vorticity unshield-
ing” of initial perturbation potential vorticity (PV), which induces the rapid growth of initial perturba-
tions in the linear system. Due to dissipating the local perturbation PV, friction modifies the structures,
especially the horizontal distribution, of PV anomalies, accordingly weakens PV unshielding of initial
perturbation PV so as to restrain the transient growth of initial perturbation kinetic energy. Nonlinear
effect induces the rich vertical structures of perturbation PV anomalies, which weakens PV unshielding
of initial perturbation PV, consequently restrain the rapid growth of initial perturbations with large am-
plitude. Different structures of initial perturbations may cause different structures of perturbation PV a-
nomalies, as well as different PV unshielding which leads to the different rapid growth process of initial
perturbations. The “negative— positive—negative” or “positive— negative— positive” distribution in the
horizontal structure for PV anomalies is favourable for the rapid growth of initial perturbations. While
the farther the vertical distance of opposite potential vorticity anomalies is, the more favorable it is for
the rapid growth of initial perturbations. These results provide some new sights for PV unshielding.

Key words: baroclinic perturbation; potential vorticity unshielding; Eady wave model



