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ABSTRACT

Statistical analysis of cyclone deepening rates has been used in the past to infer distinctions between physical
processes operative in cases of explosive cyclogenesis and lesser storms. This note attempts to qualify the con-
clusions of the previous study by analyzing cyclone deepening data from a new perspective. The results suggest
that the debate concerning the relative normality of these distributions is essentially irrelevant. Significant
statistical evidence is provided to suggest that midlatitude maritime cyclogenesis exhibits a fundamentally different
character from continental events, and that this distinction is evident across a wide spectrum of storm intensities.

1. Introduction

Explosive cyclones have been characterized by the
observation that their development typically represents
an exceptionally strong surface response to a given level
of large-scale baroclinic forcing (Sanders and Gyakum
1980; Sanders 1986). The implication is that such a
process represents behavior distinctly different in some
physically meaningful way from that of less extreme
cyclogenesis. This idea was examined by Roebber
(1984), who hypothesized that such behavior would
be manifested by the statistical distribution of cyclone
maximum 12 and 24 hour central pressure change.
The underlying premise of this hypothesis is that cy-
clone intensification can be characterized by a linear
combination of physical processes that are quasi-in-
dependent in space and time, and thus, the Central
Limit Theorem can be used to interpret the resultant
distribution of deepening rates. Under this assumption,
non-Gaussian behavior of the statistics suggests a mix-
ture of two or more distinct sets of cyclone intensifi-
cation processes within the same sample.

There are a number of potential qualifications of
this mathematical conception in its application to ob-
servational reality. Nonindependence between cyclone
events (e.g., preconditioning, modification of the large-
scale circulation) and between processes within a cy-
clogenetic event (e.g., feedbacks) represent means by
which this interpretation may be invalidated. It might
be possible to suppose quasi-independence between the
majority of cyclones given a sufficiently large data
sample, particularly in the light of the arguments of
Lorenz (1969) and Leith (1971) concerning the in-
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herent limits to predictability of atmospheric motions,
and by extension, deterministic connections between
individual events. However, independence between
cyclogenetic processes within a single event is more
difficult to satisfy a priori. Low-level and midlevel pro-
cesses certainly interact in the course of cyclone inten-
sification. Frictional effects depend in a nonlinear
fashion on the intensity of a storm. In addition, self-
amplification processes such as air-sea fluxes (Emanuel
1986) suggest potentially strong interdependence be-
tween cyclogenetic processes.

A further limitation concerns the physical limit to
the numer of processes active in individual cyclogenetic
events. The Central Limit Theorem indicates that if
deepening rates arise as a sum of processes, then no
matter what the probability distributions of the separate
processes may be, their sum will have a distribution
that will tend more and more towards Gaussian as the
number of process components increases ( Draper and
Smith 1981). The critical number of processes required
for approximate normality is dependent upon the dis-
tributions of the component processes. This number
might be as small as 1 (in the case of a normally dis-
tributed process), but it might also be substantially
larger. Within the context of a finite number of physical
processes, it is arguable that a particularly dominant
forcing mechanism may skew the overall distribution
of deepening rates. Finally, it is impossible (not simply
improbable) for cyclone intensification rates to extend
beyond finite limits, although such is suggested by a
truly Gaussian distribution. Practically, the point is that
the probability of occurence becomes so small at ex-
treme intensification rates that the expected recurrence
time of such an event exceeds the time scale of climatic
change. Thus, while exact normality is unobtainable,
quasi-normal empirical distributions are possible and
can be verified, provided there is sufficient information






