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Abstract. Cyclonic storms resembling tropical cyclones are intensity that supports them is not present in the pre-storm
sometimes observed well outside the tropics. These include environment but rather is locally generated in the course of s
medicanes, polar lows, subtropical cyclones, Kona storms, their development. We therefore propose to call these storms
and possibly some cases of Australian East Coast Lows. CYClones from Locally Originating Potential intensity (CY-

s Their structural similarity to tropical cyclones lies in their CLOPs). We emphasize that mature CYCLOPs are essen-
tight, nearly axisymmetric inner cores, eyes, and spiral tially the same as tropical cyclones but their development re-
bands. Previous studies of these phenomena suggest that they quires substantial modification of their thermodynamic envi- 2
are partly and sometimes wholly driven by surface enthalpy ronment on short time scales. Like their tropical cousins, the
fluxes, as with tropical cyclones. Here we show, through a rapid development and strong winds of CYCLOPSs pose a sig-

10 series of case studies, that many of these non-tropical cy- nificant threat and forecast challenge for islands and coastal
clones have morphologies and structures that resemble each regions, and the effects of climate change on them should be
other and also closely match those of tropical transitioning considered. 2

cyclones, with the important distinction that the potential
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1 Introduction

Cyclones that resemble tropical cyclones are occasionally
observed to develop well outside the tropics. These include
polar lows, medicanes, subtropical cyclones, Kona storms
(central North Pacific), and perhaps some cases of Australian
East Coast Lows. The identification of such systems is usu-
ally based on their appearance in satellite imagery and on
the environmental conditions in which they occur. Here we
show that many of these systems are manifestations of the
same physical phenomenon and, as such, should be given a
common, physically-based designation. We propose to call
these CYClones from Locally Originating Potential inten-
sity (CYCLOPs), with reference to the one-eyed creatures
of Greek mythology®. We show that in many respects these
developments resemble classical “tropical transition” (TT)
events (e.g. Bosart and Bartlo, 1991), but they are distin-
guished from the latter by occurring in regions where the cli-
matological potential intensity is small or zero. (Some events
previously identified as TT events were probably examples
of CYCLOPs.) Their often-rapid development and intense
mesoscale inner cores, compared to extratropical cyclones,
make CYCLOPs significant hazards and a forecasting chal-
lenge.

Cyclones of synoptic and sub-synoptic scale are powered
by one or both of two energy sources: the available potential
energy (APE) associated with isobaric temperature gradients
(baroclinity), and fluxes of enthalpy (sensible and latent heat)
from the surface (usually the ocean) to the atmosphere?. A
normal extratropical cyclone over land is an example of the
former, while the latter is epitomized by a classical tropical
cyclone. Extratropical transitioning and tropical transition-
ing cyclones® can be powered by both sources, either in se-

ILate in the process of writing this paper, we discov-
ered that there is a scientific research project by the same
name, standing for “Improving Mediterranean CYCLOnes
Predictions in Seasonal forecasts with artificial intelli-
gence” (https://www.cmcc.it/proj Y CLOPs-improving-
mediterranean-cyclones-predictions-in-ﬁal-forecasts-with-
artificial-intelligence, last access: team leader, Leone
Cavicchia, has graciously agreed with our use of the same name.

230me would regard latent heating as an additional energy
source, but condensation through a deep layer is present in most cy-
clones, being strongly tied to vertical motion, and one could argue
that it should not be regarded as an external heat source but rather as
a modification of the static stability (Emanuel et al., 1994). On the
other hand, large areas of cyclones are not water saturated and vari-
ous processes affect the availability of moisture in such regions, and
thus, ultimately, the amount of latent heat release (e.g. Winschall et
al., 2014). Moreover, latent heat release, when it is strong enough,
can lead to the phenomenon of diabatic Rossby waves (Boettcher
and Wernli, 2013; Kohl and O’Gorman, 2022; Parker and Thorpe,
1995; Wernli et al., 2002) and here the partitioning between advec-
tion and latent heating is important.

3Extratropical transitioning cyclones are storms whose energy
source is transitioning from surface fluxes to ambient baroclinity,

quence or with the relative proportion varying over the life
of the storm (see, e.g., Fantini, 1990). Additionally, we note
that tropical cyclones often originate in disturbances, such as
African easterly waves, that derive their energy from baro-
clinic and barotropic sources.

Like tropical cyclones, CYCLOPs are mainly powered by
surface enthalpy fluxes, but differ from the former in that
the required potential intensity is produced locally and tran-
siently, whereas tropical cyclones develop in seasons and re-
gions where sufficient potential intensity is always present.
CYCLOPs closely resemble the strongly baroclinic cases
of tropical transition defined and discussed by Davis and
Bosart (2004), except that they occur in regions where the
climatological potential intensity is too small for tropical cy-
clogenesis, relying on synoptic-scale perturbations that lo-
cally enhance potential intensity in space and time. Davis and
Bosart (2004) confined their attention to tropical cyclone for-
mation in regions of high sea surface temperature, stating that
“The precursor cyclone must occlude and remain over warm
water (26 °C) for at least a day following occlusion.” Simi-
larly, McTaggart-Cowan et al. (2008) and McTaggart-Cowan
et al. (2013) only examined cases of tropical transition that
resulted in named tropical cyclones. But McTaggart-Cowan
et al. (2015) recognized that around 5% of the cases they
identified as tropical transition cases occurred over colder
water and that upper-level troughs played a key role in desta-
bilizing the atmosphere with respect to the sea surface. We
here build on this work and place it within the framework of
potential intensity theory.

The basic physics of CYCLOPs was explored by the first
author in reference to medicanes (Emanuel, 2005), and is il-
lustrated in Fig. 1. While the actual evolution is, of course,
continuous, it is simpler to discuss it in phases. For this
narrow purpose, we assume that a cut-off cyclone has al-
ready formed in the upper troposphere, signified by the pres-
ence of an isolated potential vorticity (PV) anomaly near the
tropopause (Fig. 1a). We show an idealized circularly sym-
metric anomaly and a cross-section through it; in practice,
such developments are seldom close to axisymmetric in their
earlier stages. In the illustration, the first phase is assumed to
occur over land, but that need not be the case in general.

During the creation of the near-tropopause PV anomaly,
some combination of lifting and cold air seclusion has cooled
and humidified the column underneath the PV anomaly, and
the cold anomaly extends right to the surface. From a PV in-
version perspective, the near-surface anticyclone that results
from inverting the negative potential temperature anomaly at
the surface is assumed to just cancel the cyclonic anomaly
that results from inverting the tropopause PV anomaly, yield-
ing no circulation at the surface. This assumption is made for
simplicity here and we do not mean to imply that such a can-
cellation is common.

while the energy source of tropical transitioning cyclones is moving
in the opposite direction.
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Figure 1. Three stages in the development of a CYCLOP. Each
of the three panels shows a cross-section through an isolated PV
anomaly at the tropopause (gray shading), idealized as circular. The
thin black curves are isentropes, while the red curves are isotachs
of the flow normal to the cross-section. In the first phase (a), the
PV anomaly is over land, the troposphere beneath it is anomalously
cold, and there may be no flow at the surface. The system moves out
over open water in the next phase (b) and warming of the boundary
layer and lower troposphere suffices to eliminate the cold anomaly
at and near the surface. Weak cyclonic flow develops in response to
the positive PV anomaly aloft. In the final phase (c), the surface heat
fluxes become important and a tight, inner warm core develops.

In phase 2 (Fig. 1b), the system drifts out over open wa-
ter that is warm enough to diminish and eventually eliminate
the cold anomaly at the surface, “unshielding” it from the

PV anomaly aloft. During this phase, a cyclonic circulation
develops in the lower troposphere, with a horizontal scale
commensurate with that of the PV anomaly.

If the local potential intensity is large enough, and the air
aloft sufficiently close to saturation, Wind-Induced Surface
Heat Exchange (WISHE) can develop a tropical cyclone-like
vortex (phase 3, Fig. 1c), with a warm inner core, eye and
eyewall, and perhaps spiral bands. Note that the inner core
may be warm only with respect to the synoptic-scale cold
anomaly surrounding it, not necessarily with respect to the
distant environment. At mid-levels, the temperature anomaly
may manifest as a small-scale warm anomaly surrounded by
a synoptic-scale cold anomaly.

In reality, these phases blend together into a continuum.
Moreover, all three phases may (and often do) occur over
water. One practical challenge is calculating the potential
intensity. This should be calculated using the temperatures
of the sea surface and the free troposphere under the PV
anomaly aloft, but before the troposphere has appreciably
warmed from surface fluxes. In practice, because the warm-
ing occurs either as the PV anomaly develops over water,
or as it moves over water from land, we have no access to
the sounding of the free troposphere before it has warmed
up. The true potential intensity for a TC developing within
the cold column under the PV anomaly is hence impossible
to obtain. Nevertheless, we can estimate how cold the tro-
posphere was before surface fluxes warmed it by using the
surface pressure perturbation as a proxy for the CYCLOPs-
induced warming, and assuming that the troposphere has an
approximately moist adiabatic temperature profile*. This is
derived in the Appendix. The result is a modified potential
intensity, Vpm, given by

Ck Ts 0

Vin DV 950'; @

P Cp Tao
where Vj, is the potential intensity calculated in the usual way
(e.g. Bister and Emanuel, 2002) from the local sea surface
temperature and atmospheric sounding, gso’ is the perturba-
tion away from climatology of the near-surface geopotential,
which we here evaluate at 950 hPa, Cx and Cp are the surface
exchange coefficients for enthalpy and drag, and Ts and T400
are the absolute tempe at the surface and 400 hPa. As
explained in the Appeﬁwe approximate the coefficient
multiplying 50’ in . (1) by a constant value, 1.3,
a reasonable estimate of the mean value of the coefficient.
Note that Eq. (1) is only valid in places where our assump-
tion that the lapse rate is moist adiabatic trough a deep layer
is valid and deep moist convection occurs. Also, in the early
stages of development, the outflow level is likely to be lower
and the outflow temperature correspondingly higher, reduc-
ing the value of the coefficient multiplying oso’ in Eq. (1).

4In regions of deep convection, lapse rates are usually observed
to be close to moist adiabatic (Betts, 1986)
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