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ABSTRACT 

The Bergen School meteorologists realized that not all cyclones follow their conceptual cyclone 
model. In particular they found cases with re-generation of occluded cyclones. In their literature, 
for instance as found in Godske and co-workers, 2 kinds of re-generation were considered 
challenging to weather forecasting: a thermodynamic intensification with similarities to the 
development of tropical cyclones, and intensification of what was called the non-frontal trough, 
or the back-bent occlusion, of strong cyclones. It has been believed that the latter kind is charac­
teristic of the strongest surface winds observed in the Northwestern Atlantic. In this paper such 
a case, resulting in the strongest cyclone landfall on the Norwegian west coast this century, 
has been investigated from a simulation of a small synoptic-scale (,..., 1000 km), fast-moving 
extratropical cyclone ( ,..., 25 m s - I). It is found that the cyclone evolves as the conceptual frontal 
model of Shapiro and Keyser ( 1990), and that the strong winds are developed by a secondary, 
mesoscale (,..., 500 km) cyclogenesis closely linked to the seclusion process. The time scale of the 
intensification is 12 h, starting with what is called the seclusion trough at the tip of the back-bent 
warm front. As the cold air secludes the warm core, the disturbance develops into a separate low, 
here called the seclusion low. Release of latent heat connected to the back-bent warm front is 
found to play an important role in forming the seclusion. A part of the generated potential 
vorticity (PV) remains within the warm air in the seclusion process. Inversion of the low-level 
PV anomalies results in a low-level jet along the outer side of the seclusion trough. The strong 
winds are observed when the seclusion trough develops into the seclusion low and the low-level 
jet becomes parallel to the large scale westerly flow. A positive PV anomaly streamer, formed 
from a larger scale upper PV anomaly in phase with the surface low, takes part in this stage of 
the development. 

1. Introduction 

During the occlusion process of an extratropical 
cyclone, available energy is gradually consumed 
and the cyclone normally enters a de-generation 
process. For various reasons, however, an occluded 
cyclone might enter a new period of intensifica­
tion. The Bergen School meteorologists mentioned 
several kinds of such re-generation (e.g., Chromow 
and Koncek, 1940, p. 357; Godske et al., 1957, 
p. 743 ). Two kinds were considered a challenging 
problem of weather forecasting: a thermodynamic 
intensification with similarities to the development 
of tropical cyclones, and an intensification of what 
they called the non-frontal trough in the cold air, 
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or the back-bent occlusion, defined as an extension 
of the occlusion backwards (normally towards 
southwest) into the non-frontal trough ( Godske 
et al., 1957, p. 537). 

The thermodynamic re-generation was studied 
by Bergeron (Bergeron, 1949; Bergeron, 1954; see 
also Godske et al., 1957, p. 734 ), who claimed that 
such developments take place in "a true tropical 
hurricane style" in certain extratropical regions 
during late summer and early autumn. According 
to Bergeron, such re-generations might form on 
the occlusion of a pre-existing cyclone of ordinary 
intensity. A mesoscale, near-symmetrical low-level 
disturbance is formed, with a diameter generally 
less than 500 km, causing strong wind and 




























