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Since satellite images became available, it has been possible to identify
vortices in the Mediterranean basin whose characteristics are similar to
those of Tropical Cyclones.
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Mediterranean Tropical-like cyclones
(medicanes)

Generally, cyclones with characteristics similar to TC for part
of their lifetime are possible in the Mediterranean (e.g.,

presence of a central “eye”, warm core, symmetric structure)

They are less intense and smaller than TC (they can rarely
reach level 1 of the Saffir-Simpson scale)

They are rare (0-3 per year)

Some analogies and differences with TC can be 1dentified
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Predictability: How an uncertain short-wave perturbation on the North Atlantic wave guide
affects the forecast of an intense Mediterranean cyclone (Medicane Zorbas)

LON {"E} of max. PV, within 36-37°N

Figure 7. Clustering of ensemble members (initialized at 0000 UTC 24 Sep 2018) according to the position of the upper-level PV streamer in
the Mediterrancan at 0000 UTC 27 Sep 2018. Colors show frequencies of PV, >2PVU (shading, every 20%.) for each cluster (blue: cluster
C, green: cluster W, red: cluster E) and the black line the contour where PV, =2PVU in the operational analysis. The region considered
for the clustering is shown by the black box. PV, denotes vertically averaged PV between 320 and 330 K with PV values below 2PVU set
to zero (see text for details).

Portmann et al. (2020)
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Figure 12. Results for ECMA at 0000, 0600, and 1200 UTC on 26 September 2006. Top: potential vorticity at 300 hPa (shaded, PVU), wind speed at
300 hPa over 30 m s~ (vector), wgyy, at 400 hPa less than —0.4 Pa s~' (dotted) and CAPE larger than 1500 J kg~" (hatched). The star and the figure
in the white box give the position and MSLP minimum, respectively, of the mesocyclone. Bottom: vertical cross-section of potential vorticity (shaded,
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An axisymmetric, cloud-resolving model -in which any development
may occur only due to the feedback between surface enthalpy fluxes
and wind — was applied to show that a cold, upper low can produce high
potential intensity (PI) in an Ionian cyclone (Jan 1995)

CELENO (15-17/01/1995) Emanuel (2005)
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Potential Intensity (m/s), 11:00 GMT, 26 September 2018

Emanuel et al. (2025)




Medicane Daniel

250 hPa Potential Vorticity (PV units), 12 GMT, 10 September 2023

'R I’ Potential vorticity (PV
N L units, 10-6 K kg-1 m2 s-1)
A 7 at 250 hPa at 12 GMT on
E 10 September, 2023. The
33N E white “L” marks the
L, approximate surface
20 center of Daniel at this
time

27°N

OE 12° 18°E 24°E W0E
as Zorbas, BUT as it approached the Libyan coast

around Sep 10, it came under the influence of a mesoscale “satellite” PV

mass rotating around the principal upper-level cutoff cyclone.

The superposition of the with the surface-based

warm core probably contributed to Daniel's intensification which,

remarkably for a surface flux-driven cyclone, continued after landfall
(Hewson et al., 2024).
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Symmetric, deep warm core structures but only the second one shows the
upward transport of warm/moist air typical of TC -> Different contribution of

baroclinic versus diabatic processes

ZEO (DECEMBER 2005) CORNELIA (OCTOBER 1996)

Vertical cross-section of Be (colours), storm-relative winds (vectors), absolute momentum
(lines, contour interval=5m/s; zero not shown) near the cyclone centre




The term “medicane” has been used to cover a wide range of the continuum
existing between ECs and TCs. Distinct categories can be identified, depending
on the dominant process in the mature stage.

(

Type A Type B

Deep warm core cyclones mostly driven
by strong diabatic processes and weak
baroclinic instability

(Shallow) warm core cyclones mostly
driven by baroclinicity and weak diabatic
processes (no deep convection in the

mature stage)

r\

Characteristics similar to TC for short periods

Miglietta and Rotunno (2019); Dafis et al. (2020)

Hybrid characteristics



COMPOSITE AT MATURE STAGE BASED ON SCALE CONTRACTION

latitude degrees (°) from the cyclone center

latituce degrees (%) from the cyclone center

latitude degrees (°) from the cyclone center
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Ilongitude degrees (°) from the cyclone center longitude cegrees (°} from the cyclone center

Tropical transitions Hybrid cyclones Gutierrez-Fernandez et al. (2024)




C. ABSENCE OF AN OFFICIAL DEFINITION OF <MEDICANE»

to address medicanes as weather systems of tropical
characteristics:

empirical, rather arbitrary definition

based on structural characteristics (symmetric, warm core)
and arbitrary thresholds applied to atmospheric variables of model
outputs

focusing only on key mechanism of
intensification

Leading to:
- Confusion within the scientific community (different criteria to physically
define medicanes 1n model and observation datasets).

- Confusion among weather services for the purposes of issuing warnings of
imminent high-impact weather.
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220 events (MED220) were first screened for having a highlly symmetric
structure that vaguely resembles that of tropical cyclongs#But fnost are
large baroclinic systems that evolve into symmetrical sfrucyfes during
their occlusion phase. 4"

Figure 2. Large and highly symmetric baroclinic cyclone on 11 April
2005 at 2330 UTC (IR image of Meteosat).
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iii. Development mechanism

Can we define some tools to
distinguish 1n the Mediterranean
1n near real-time:

* tropical transitions (type A),

(0207) duedIpdw soue]

* warm seclusions (type B)

* Subtropical cyclones (type B)

* Winter cyclones (“polar lows™
type)?

(8107) UOISN[IIS ULIEAM




(,sw) g-dotep LyOSY - paads puim

o o 9o o
S & © o
n © K ©

(Bdu) sjere ainssaid



https://glossary.ametsoc.org/wiki/medicane/

ADVANTAGES OF THE DEFINITION

- Based on Earth observations
- Simple enough to aid weather services in identification and communication

- Consistent with previous studies either using phenomenological or structural
criteria

- Recognizes the existence of a deep warm-core induced by different
mechanisms, following the indications from early studies that air-sea
interaction 1s not expected to contribute exclusively to the development of a
medicane

Miglietta M. M., Flaounas E., Gonzalez-Aleman J. J., Panegrossi G., Gaertner M. A., Pantillon F., Pasquero C., Schultz D. M.,
D’Adderio L. P., Dafis S., Husson R., Ricchi A., Carrié D. S., Davolio S., Fita L., Picornell M. A., Pytharoulis 1., Raveh-Rubin S.,
Scoccimarro E., Bernini L., Cavicchia L., Conte D., Ferretti R., Flocas H., Gutiérrez-Fernandez J., Hatzaki M., Homar Santaner V.,
Jansa A., Patlakas P., Defining Medicanes: Bridging the Knowledge Gap Between Tropical and Extratropical Cyclones in the
Mediterranean, BAMS, 106, E1955-E1971, https://doi.org/10.1175/BAMS-D-24-0289.1
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How an uncertain short-wave perturbation on the North Atlantic wave guide affects the
forecast of an intense Mediterranean cyclone (Medicane Zorbas)

10 15 20 s
LON {"E} of max. PV, within 36-37°N

10°E 20°E

Figure 7. Clustering of ensemble members (initialized at 0000 UTC 24 Sep 2018) according to the position of the upper-level PV streamer in

the Mediterrancan at 0000 UTC 27 Sep 2018. Colors show frequencics of PV, >2PVU (shading, every 20%.) for cach cluster (blue: cluster

C, green: cluster W, red: cluster E) and the black line the contour where PV,,, =2 PVU in the operational analysis. The region considered

for the clustering is shown by the black box. PVa, denotes vertically averaged PV between 320 and 330 K with PV values below 2 PVU set Portmann et a|. (2020)
to zero (sce text for details).

The accuracy of medium-range forecasts heavily relies
on how well models simulate upstream short-wave disturbances and potential
vorticity (PV) anomalies.
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Fig. 15. Drag coefficient for momentum (10~ 2 Cp) on November 08, 2011 at 1800 UTC, from (a) ERAS reanalysis; (b) CNTL run; (¢) L12 run; (d) K12 run.

Rizza et al. (2021) (see also Pravia-Sarabia et al., 2021)
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Conclusions and Future steps

The definition clarifies what 1s a medicane but does not allow
us to discriminate among cyclones with different development
mechanisms: can we differentiate them in real time?

Atmosphere-ocean-wave coupling necessary for intense cases
(tropical transitions); atmosphere-chemistry coupling should
be better explored (e.g., role of aerosol size and distribution?).

Systematic studies relative to the predictability of the cyclones
as a function of resolution and parameterization (e.g., spectral
bin microphysics) are needed.
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- 'y . !
220 events (MED220) were first screened for h@ving a highly
symmetric structure that vaguely resembles that of tropical
cyclones. But not all these events are Medicane‘s most are large

baroclinic systems that evolve into symmetrical str’/tures during
their occlusion phase. :

Figure 2. Large and highly symmetric baroclinic cyclone on 11 April
2005 at 2330 UTC (IR image of Meteosat).




GEOGRAPHICAL DISTRIBUTION

5 10 20 25

Figure 3. Spatial density distribution of intense cyclones from the MEDEX project (shaded) as number of events in a square of 1.125° lat—lon;
density distribution of MED220 cyclones (dashed lines, contour interval is one event/(1. 125°)2 starting at value 1); and the 12 detected medicanes
(black points).
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Fig. 2 Locations of all the
medicanes detected. Top genesis
density (first location in the
track) per 1° x 1° box. Bottom
track density per 1° x 1° box

Genesis density

Track density

NCEP/NCAR reanalysis
Downscaling by CCLM

10 km resolution
Period: 1948-2011




MONTHLY DISTRIBUTION
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Fig. 3 Number of medicanes per month (total number in the period
1948-2011)




INTERANNUAL VARIABILITY

Average number of Medicanes =
1.57 events per season

5
-

1980
Year

Fig. 4 Number of medicanes per year. Instead of calendar year,
“medicane seasons” are reported on the x axis. A medicane season is
defined to extend from August every year to July next year




Average number of Medicanes =
1.51 events per season
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ERA-5 climatology
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ANOMALIES OF METEOROLOGICAL PARAMETERS
WESTERN MED CASES IONIAN CASES

350 hPa T
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Fig. 9 Composite plots of the daily means, on the day corresponding anomalies with respect to the climatological monthly means. 350 hPa
to the first point in the track, for medicanes in the western temperature (top, 1 °C contours), sea surface temperature (bottom,
Mediterranean (left panels) and lonian Sea (right panels) of the 0.1 °C contours)

Cavicchia et al. (2013)
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ANOMALIES OF METEOROLOGICAL PARAMETERS
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Fig. 10 Composite plots of the daily means, on the day correspond- 850250 hPa wind shear (5 m/s contours). Bortom 850 hPa relatve
ing to the first point in the track, for medicanes in the western vorticity (0.2 s~ ! < 10~% contours)

Mediterranean (left panels) and Ionian Sea (right panels) of the

anomalies with respect to the climatological monthly means. 7Top

Cavicchia et al. (2013)



‘ RETURN PERIOD (ENSEMBLE OF 30 MODELS): INCREASE OF INTENSE MEDICANES
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