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ABSTRACT 

The semi-geostrophic Eady problem is used as a testbed for frontogenetical calculations using 
a specific numerical model. Over 3 days of integration, the numerical solutions agree very well 
with their analytical counterparts. The increasing deviations in the vertical field of motion 
during the last day before the analytical model breaks down are attributed to the inability of a 
grid-point model to handle evergrowing contrasts correctly. The dependence of the time-scales 
on the external parameters is addressed. 

1. Introduction 

40 years ago, Eady (1949) published a paper on 
Long waves and cyclone waves in the first issue of 
this journal. It is now considered as a landmark 
contribution to dynamical meteorology in at least 
two ways: (i) in the original quasi-geostrophic 
approximation, it serves as an archetypal flow 
configuration which explains the baroclinic 
instability of a zonal shear flow; (ii) in the 
extended semi-geostrophic version (Hoskins and 
Bretherton, 1972; Hoskins, 1975), analytical sol
utions can be obtained which develop a frontal 
discontinuity within a finite time. As summarized 
by Reeder and Smith (1986), the view has 
emerged that middle latitude fronts are second
ary, but nevertheless important phenomena 
associated with extratropical cyclogenesis. 

The latter study is one among others (e.g., 
Keyser and Anthes, 1982; Knight and Hobbs, 
1988) which use the analytical solution of the 
Eady problem as initial data for numerical ex
periments that concentrate on special aspects of 
frontogenesis (e.g., impact of boundary layer 
turbulence, comparison with observations, role of 
moisture). Although Keyser (1981) and Reeder 

(1985) tested their numerical control experiments 
against the analytical solution for an inviscid, 
Boussinesq flow in their Ph.D. theses, compari
sons concerning the temporal evolution and the 
spatial structure at commensurable times cannot 
be found in the standard literature. 

This note concentrates on the, perhaps mostly 
technical, issue to compare results from a particu
lar numerical mesoscale model to analytical sol
utions of the Eady problem. In Section 2, the 
particular setting of the testbed is explained, 
while Section 3 is devoted to the results. Some 
conclusions terminate the paper. 

2. The testbed 

An idealized flow situation is considered as 
sketched in Fig. 1. The domain consists of a 
cross-section of length L and height H containing 
as basic state a uniform zonal shear flow [u(z) = 
U(z/H - 0.5)] relative to a steering level at 
z = H/2 with potential temperature increasing 
linearly with height [O(z) = 00 + r(z - H/2)] and a 
constant meridional temperature gradient [ao;ay 
= - f U00 /(gH) = -y ], which is in thermal-wind 
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