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ABSTRACT 

A series of dropwindsondes released over the sea during the FRONTS 92 experiment is analysed 
to reveal the mesoscale structure of a kata-cold front characterised broadly by a dry airstream 
over-running a warm moist boundary layer. The front had a multiple structure with two main 
surface fronts and this paper is concerned with the detailed structure of one of the surface cold 
fronts. Two kinds of circulations are shown to coexist at such a front: vertical convection and 
a slantwise circulation. The slantwise circulation is a feature not normally resolved by conven­
tional observations of kata-cold fronts: it is shown to be a small-scale version of the rearward­
sloping ascent encountered in ana-cold fronts. Much of the slantwise circulation was cloud-free 
but where it impinged upon the boundary layer it triggered the development of a narrow band 
of convective cloud, the tops of which extended downstream within air that was overtaking the 
front. 

1. Introduction 

The two main classes of cold front were classified 
by Bergeron (1937) and Sansom (1951) as either 
ana-fronts or kata-fronts according to whether 
ascending or descending airflows dominate their 
structure. Ana-cold fronts are characterised by 
rearward-sloping ascent of air with high wet-bulb 
potential temperature (Ow). Much of this warm air 
originates as a strong low-level flow just ahead of 
the surface cold front. The warm air ascends above 
the advancing wedge of cold air. In NW Europe, 
however, such fronts are rather less common than 
kata-cold fronts. 

Kata-cold fronts are superficially quite different: 
in kata-cold frontal situations, the warm air (see 
shaded arrow labelled Warm Conveyor Belt in 
Fig. 1) ascends in advance of the cold front and 
is overrun by dry, low-Ow air (unshaded arrow in 
Fig. 1 ). This overrunning airstream originates in 
the upper troposphere or lower stratosphere and is 
known as the dry intrusion. The leading edge of the 
dry intrusion constitutes an upper cold front or 
moisture front. Because of this separation between 
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the surface cold front (SCF) and upper cold front 
(UCF), the combined system is referred to as a 
split front (Browning and Monk, 1982). The 
surface cold front in a split-front system is what is 
referred to by Sansom as a katafront. 

A feature of kata-cold fronts, glossed over in the 
simple split front model, is the fine structure that 
occurs within the SCF part of the split front. As 
seen in satellite imagery, this often manifests itself 
as multiple, rather shallow and narrow, cloud 
bands. Each band corresponds to a slight local 
sharpening of the generally rather diffuse low-level 
cold frontal zone that characterises most kata-cold 
fronts. In this paper we present some exceptionally 
detailed observations of such a multiply-banded 
SCF. There were two main cold frontal bands in 
this case and we concentrate on just one of them so 
as to derive a conceptual model of the dynamic 
and thermodynamic structure of an individual 
SCF. A feature of the model is that two distinct 
kinds of circulation can coexist in association with 
a single SCF cloud band: (i) a small-scale slantwise 
circulation; (ii) vertical convective cells. 

In some respects, the structure resembles that of 




















