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Past cases of medicanes
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Rasmussen and Zick 1987: Tellus, 39A, 408-425
Paranos 2016: M.Sc. Thesis, Aristotle Univ. of Thessaloniki, Greece (hiip://ikee.lib.auth.qr/record/284902)
https://en.wikipedia.org
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Figure 5. Reflectivity maps (elevation 2.75°) in dBZ from the radar in Maglie (SMA S.p.A.) on 26
September 2006 at (a) 0820 utc, (b) 0840 urc, (c) 0900 uTc and (d) 0940 utc.

Moscatello et al. 2008: Mon. Wea. Rev,, 136, 4373-4397
Davolio et al. 2009: NHESS, 9, 551-562

Conte et al. 2011: Atmos. Res., 101, 264-279

Miglietta et al. 2011: Atmos. Res., 101, 412-426
Chaboureau et al. 2012: QJRMS, 138, 596-611

Miglietta et al. 2013: Geophys. Res. Lett. 40, 2400-2405
Miglietta et al. 2015: Atmos. Res., 153, 360-375
Miglietta et al. 2017: Geophys. Res. Lett., 44, 2537-2545
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Structure — Characteristics
= Definition



Main Characteristics

e Sub-synoptic maritime cyclones
(usually R = 50-200 km; Miglietta et al. 2013: GRL)

* Cloud-free 'eye’ at the center e
(Detected in satellite images) e e |
e Eyewall with deep convection »
and spiral bands of clouds &
(Detected in satellite images)
e Strong near surface winds

e Warm - core structure - ~ Source: EOSDIS Worldview
https:/\worldview.earthdata.nasa.gov




Tropical cyclone structure

Dense Cirrus Overcast
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Warm - core structure
Temperature Azimuthal
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Figure 1.8 Vertical cross sections of” a) temperature anomaly (K), and b) azimuthal wind (knots) in Hurricane
Hilda of 1964 (Hawkins and Rubsam 1965). 1 fmor= 0515 m/s
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The satellite images are invaluable for detecting medicanes.

However, further analysis is required in order to classify a cyclonic
system as medicane.

There is NOT an official definition of medicanes as for the tropical
cyclones.




Thermal symmetry/asymmetry parameter B

Hurricane Floyd: 12Z14SEP1999 1.0° NOGAPS Analysis

4

Cleveland Superbomb: 06Z26JAN1978 2.5° NCAR Reanalysis

900-600hPa
Thickness

900-600hPa
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""""
S

B = h(ZGOOhPa 42900 hPa |R o ZGOOhPa o Z900hPa |L)f

B > 10 m in extratropical cyclones

B = 0 min tropical cyclones (B < 10 m)

Hart 2003: Mon. Wea. Rev,, 131, 585-616



Scaled Thermal Wind Magnitude ( -V, —VTU )

I(AZ)

d Inp

I(AZ)

d Inp

600 hPa
= —|v#

900 hPa

300 hPa AZ = ZMAX _ ZMIN
- | V%" | Z = geopot. height

600 hPa

—VTL > (0 Lower layer Warm Core
—VTU > (0 Upper layer Warm Core

—VTL <0 Lower layer Cold Core

—VTU <0 Upper layer Cold Core

Hart 2003: Mon. Wea. Rev., 131, 585-616
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Extratropical cyclones
[e.g. December 1987 Cyclone
(Schultz ond Mass 1993)]

Warm-—seclusions & hybrids
f{e.c. 1982 Oceon Raonger

501 cy@lone (Kuo et al. 1992) &
ABst—tropical Keith (1988)]
Extratropically tronsifioning TCs
25 - [e.g. David (1979), Hligo (1989)
Floya(1999), Michaglk (2000)]
)

ﬁ (= TS, Cot-3 Caot-5
Eg 0 Rilison Hurricane Hurricane
g Occluded extratropical cyclones {2001) Bonnie ’Mi!ch
z (1998) (1998)

~r
-600 -500 -400 - 300 -200 -100 0 100 200
Cold Core Warm Core

B [900-600hPa Storm—Relative Thickness Symmetry] oy

-V4+ [900-600hPa Thermal Wind]
Hart 2003: Mon. Wea. Rev,, 131, 585-616



(b)

-Vy [600hPa—300hPa Thermal Wind]
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Subtropical cyclones
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-100 1 ExtrctroPicolly transitioning TCs [e.9. pre-Oigo (2001)]
[e.g. David (1979), Hugo (1989),
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Mechanisms for development



Mechanisms:
e Baroclinic instability

w7 QIRMS, 111, 877-946
e Wind Induced Surface Heat Exchange (WISHE)

e.g. Emanuel 1986: J Atmos Sci, 43, 585-604

Important Factors:
e Sea-surface sensible and latent heat fluxes

e Latent Heating

e Upper level PV anomalies

e Jet stream

e QOrography

e Vertical shear of the horizontal wind
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Ship reports of maximum wind:
1200 UTC 15 Jan 1995

0000 UTC 16 Jan 1995

15.5 m/s

Forecast period and time/date

Central pressure (hPa)

Actual
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T+0 at 0000 UTC, January 15th, 1995
CONTROL RUN

Forecast period and time/date Central pressure (hPa)
Actual Predicted
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T+0 at 0000 UTC, January 15th, 1995
| "NO SURFACE FL’ N

| The sfc heat fluxes
{ were very important
for its development.

Pytharoulis et al. 2000:
Meteorological
Applications



Climatology
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Nastos et al. 2018: Atmospheric Research

Annual number of medicanes:

Miglietta et al. (2013), modelling & satellite analysis, 1999-2011: 1.1

Cavicchia et al. (2014), dynamical downscaling, 1948-2011:

1.6+1.3
1.4+1.3

Nastos et al. (2018), synoptic & satellite analysis, 1969-2014:
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Nastos et al. 2018: Atmospheric Research
(http://dx.doi.org/10.1016/j.atmosres.2017.10.023)
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Max. Wind SST and
Date Radius TLC Min, Pressure at 900 hPa Anomaly
Domain Arca (Day/Month/Y ear) (km) Phase (h) (hPa) (ms ') ("C) Jet Stream
Central
1 lonian 13/09/1999 150 6 1007 23 25-27 yes
2 Sicily 10-11/09/2000 100 15 1006 22 21-26 yes
3 SE Italy 26/09/2006 100 12 980 45 2026 (+1) yes
4 lonian 04/12/2008 100 3 990 42 1618 (+1) yes
5 S ltaly 13-14/04/2012 50150 21 0R2 39 14-17(+1) in the
initial phase
South
6 lonian 19/09/2004 50 3 1005 26 23-26(+1) no
7 Sicily Strait 03-06/11/2004 50-50 33 10001005 30-24 22-25(+3) yes
East
8 Aegean Sea 09/10/2000 50 3 1000 24 19-23 yes
9 Libya-Crete 13-15/12/2005 50-100 6-12-15 096-986-986 40-38-26 17-21(+1.5) yes
West
10 West Sardinia 27/05/2003 50-100 24 1000 30 18-20(—1) yes
11 Balearic Islands 17-18/10/2003 100150 18 990 42 19-23(+1.5) yes
12 Balearic Islands 17/10/2007 50-100 12 1011 24 21-23(+2) no
13 S France 26/10/2007 100 6 996 38 17-20 (0) no
14 Balearic Islands 06-08/11/2011 150-200 63 990 46 17-22(+2.5) in the
and S France initial phase

Miglietta et al. 2013: Geophys. Res. Lett. 40, 2400-2405
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Fig. 7. Geographical distribution of medicane impacts based on the selected 63 cases over Mediterranean during the study period 1969-2014.

Sep 1969: > 600 deaths in Tunisia and NE Algeria due to floods. A tanker sunk.
10-12 Nov 2001: > 600 deaths and $250M damages in Algeria, mudflows

Nastos et al. 2018: Atmospheric Research
(http://dx.doi.org/10.1016/j.atmosres.2017.10.023)
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300 hPa

600

Medicane:

Thermally symmetric

B < 10 m (red dots) —VTL >0

Lower layer Warm Core

B = h(Z)OO hPa Z900hpa |R o Znsoo hPa Z900hpa |L).'
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ECMWEF analyses

Upper layer Warm Core

-V >0

Based on Hart (2003, MWR)

Radius=200km

[182 7

deep
warm-core._,

[182 6] [122 8

deep
cold-core

shallow
warm-core

Medicane:

-120-100 -80 -60 -40 -20 O 20 40 60 80 100 120 140 160 18

v

900-600 hPa

J12 UTC 7 Nov 2014
18 UTC 7 Nov 2014
00 UTC 8 Nov 2014




w
=}
w2
|- o
c
G
|

4E

1

ol _
oy | Vel
T K 4 : 1
o < o o <o o o < o
o o (] o o o o o o
o~ [x8] -+ > [¥e] ~ oo [=) ] o
-

(ody) ainssaid



ECMWEF analyses
18z 6 Nov 2014

warm

Hoskins et al. 1985:
QIRMS, 111, 877-946

Temp. (C) & Geop. Height (gpm) 850 hPa 18z 06/11/14

= =




ECMWEF analyses
mslp (hPa) & geop. height of PV=2 PVU

7 Nov

height (km) at PV=2 PWVU { % ms (hPa)

10161020

mslp (hPa)




Case study, Satellite analysis

Dimitriadou 2017: MSc Thesis, Aristotle Univ. of Thessaloniki (in Greek)
(http://ikee.lib.auth.gr/record/294318)



MSG, channel 9, Thermal IR, 10.8 pm,




MSG, channel 9, Thermal IR, 10.8 uym,




MSG, channel 9, Thermal IR, 10.8 uym,




MSG, channel 9, Thermal IR, 10.8 uym,
8 Nov 2014
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Contours: 500 hPa geop. height
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TRMM, time aver. precip.

7 Nov 2014

Time Avaraged Map of Near-Real-Time Precipiation Rate 3-hourly 0.25 dea. [TAMM TRMM_3B42RT v7] mm/hr
avar 2014.11.07 07-30Z . 2014-11 10:30:00Z, Region 8. 87: 29 3IETON, 2B 5B 15E, 47 4834N

>0 UI1C

ime Averaged Map of Ne: P ale S-hourly 0.25 deg [ 1HM
avar 20141107 01-30: -11-07 04:30:00Z, Fagion 6 BT25E, 29. 3575

Selected dale range was 2014-11-07 D3Z - 2014-11-07 03Z. Title rellects the date range of the granubes thal went into making this rasull

(mm/hr),

Time Averaged Map of Nea me Preciptation Rate 3-hourly 0.25 deg. [TAMM TANM_3B42AT v7] mmihr
aver 2014-11-07 10:30Z - 2014-11-07 13:30:00Z, Region 7.2113E, 30.0812N, 26.3507E. 45. 704N

Time Averagsd Map of Near-Real-Time Preciptation Fate 3-hourly 0.25 deg. [TAMM TRMM_3B42RT v7] mm/hr
avar 2014-11-07 16:30Z - 2014.11.07 13:30:00Z, Fogion 6.8725E. 29. 357N, 2B.5815E, 47 4834N

- Salacted date range was 2014-11-07 1BZ - 2014-11-07 18Z. Title rellects the date range of tha granules that went into making (his res__
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TRMM, time aver. precip. (mm/hr),
Tima Averaged Map of Near-Real-Tima Preciptation Rata 3-hourly 0.25 dag. [TAMM TRMM_3B42RT v7] 7.-!4- 8 N ov Z 0 I 4 Time Averagad Map of Near-Real-Time Praciptation Rate 3-hourly 0.25 deg. [TAMM TAMM_3B42RT v7] mm/hr
aver 2014-11.07 19:302 - 2014.11-07 22:30:00Z. Region £ 8725E, 29 35T6N, 28 5815E, 47 48! avar 20141108 01:30Z - 2014-11.08 04:30:00Z. Region & B725E. 29 3670N, 268.5015E, 47.4634N

12.08
10.07
B.058

6,042

4,028

2014

- Salected dale range was 2014-11-07 212 - 2014-11-07 21Z Tithe reflects the date range of tha granules that went inlc making this result

- Selected dale range was 2014-11-08 D32 - 2014-11-08 D3Z. Tithe rellects tha date range of tha granubas that went into making this rasull.

Tima Averaged Map af Naar-Real-Tima Prociptaion Rata 3-hourly 0.25 deg. [TRMM TRMM_3BA2RT v7] mmihr
aver 20141108 04:30Z - 2014-11.08 07:30:00Z, Region 8.8725E, 29 357N, 2B 5B15E, 47.4834N

Selected dale range was 2014-11-08 DGZ - 2014-11-08 06Z. Title reflects Ihe date range of the granules (at wenl into making {his resull
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GPM, time aver. precip. (mm/hr),

Tims Averaged Mup of Mukl-satelite pracipitation estinate wili gauge alration - Rina! Fuin (recommsnded for gerisral use) il
IME:

jme Averaged Map of Muki-satelite precipitation estimate with gauge cafbration - Final Flun (recommanded for general use) hall-hourly 0.1 deg. [GPM
G ERGHH v04] m
over 2014.11.07 06:30Z - 2014.11-0700.202, Ragion 8 8735E, 20,3579, 28 5B15E, 47,4634N SR O O O R T Fogion . 8725E, 20.3570N, 28.5815E, 47.4634N

- Selected date range waz 2014-11-07 08:30Z - 2014-11-07 09:00Z. T#le raflects the date range of the granules that wen info making this resut. S Seloctod data range waz 2014-11:07 09-302 - 2014-11:07 12:00Z. Tele raflects the data range of the granuies that wen! into making this 1

Time Avaraged Map of Muli-satelite precipitation estimate with gauge cafibration - Final Fun (rcommended for general use) hall-hourly 0.1 deg. [GPM Time Avaraged Map of Muli-satelite precipitation estimate with gauge cafibration - Final Fun (rscommended for general use) hall-hourly 0.1 deg. [GPM
ERGHH v04] GPM_3IMERGHH v04)
over 2014-11-07 12:30Z - 20141107 16.202. Region 4 B725E. 20,3570, 28 56 15E, 47,4634 over 2014-11-07 15:30Z - 2014110718202, Region 4 B725E. 20,3570, 28 56 15E, 47,4634

- Selected date range was 2014-11.07 12:30Z - 2014-11-07 15:00Z. Tale raflects the date range of the granules that went into making this resuk. - 11 - 11 aflects the date range of the granules that went into making this resuk.




GPM, time aver. precip. (mm/hr),
7-8 Nov 201

Time Averaged Map of Muki-satelite precipitation estimate with gauge cafibration - Final Aun (recommended for general use) hali-haurly 0.1 deg. [GPM Time Averaged Map of Muki-satelite precipitation estimate with gauge calibration - Final Flun (recommended for general use) hall-haurly 0.1 deg. [GPM
GPM_3IMERGHH v04] mm/hr GPM_3IMERGHH v04] mm/hr
over 2014-11-07 18:30Z - 2014-11-07 21:202, Region 6.8725E, 29, 3574N, 28 5815E, 47.4634N over 2014-11-07 21:30Z - 2014-11-08 00:202, Region & 8725E, 29, 3579N, 28.5815E, 47.4634N

- Selected date range was 2014-11.07 18:30Z - 2014.11-07 21:00Z Tele reflects the date range of the granules that went into making this resuk. . nge was 2014-11.07 21:30Z - 2014-11.08 00:00Z. T#le reflects the date range of the granules that went into making this resuk

Time Averaged Map of Muki-satelite precipitation estimate with gauge calibration - Final Aun (recommended for general use) hall-haurly 0.1 deg. [GPM
GPM_3IMERGHH v04] mmihr
over 2014-11-08 03:30Z - 2014-11-08 06:202, Region 6.8725E, 29.3574N, 28 5815E, 47.4634N

- Selected date range was 2014-11-08 03:30Z - 2014-11.08 08:00Z. Ttle reflects the date range of the granules that went into making this resut.



Case study, Simulations



WRF-ARW model V3.7.1
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e Non-hydrostatic NWP model
 Horizontal grid spacing: 7.5 km x 7.5 km

— 30N

_____________________________________

e 39 sigma levels up to 25 hPa

» High-resolution (30”) land use data
» NCEP satellite SSTs (1/12° x 1/12°)
e 0.125° x 0.125° 6-hourly ECMWF analyses for initial and boundary conditions
e Init: 12 UTC 6/11/2014
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 Microphysics: WSM6
e Boundary layer/ surface layer: YSU — Revised MM5
e SW/LW Radiation: RRTMG

e Land surface: NOAH



Experiments (set 1):

CTRL = control run
SSTCLIM = climatological SSTs
SSTP1, 2, 3 = CTRL SSTs + 1, 2, 3°C
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Pytharoulis 2018:
Atmospheric Research



WRF - control run
) mslp hPa) & 1-hr precip.
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CTRL = control run

SSTCLIM = climatological SSTs
SSTP1, 2, 3 = CTRL SSTs + 1, 2, 3°C
SSTM1], 2,3 = CTRL SSTs — 1, 2, 3°C
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Exp. Microphysical PBL/ Surface Layer/

E x p e ri m e n ts (Set 2) : Name Microphysics Species Cumulus surface fluxes (isftcflx)
ctrl WSM6 vcrisg inactive YSU/ revised MM5/ 1
mp4 WSM5 vcris
M 0 d el mp5 Eta (Ferrier) verst
mp6h WSM6 verish
mp7 Goddard vcrisg
- = mp8 new Thompson vcrisg
Conflg u ratlon mpll CAM5.1 vcris
mpl4 WDM5 vcris
mpl6 WDM6 vcrisg
mpl9 NSSL vcrisgh
shcu shallow GRIMS
cul KF
cu2 BM]J
cu3 GF
cud Grell 3D
cub Tiedtke
cul4 new SAS
culé6 new Tiedtke
bll_1-0 YSU/ revised MM5/ 0
Pytharou'is et a|_ 20 18: bl1_1-2 YSU/ revised MM5/ 2
bl2_2-0 MY]/ Eta/ -
Atmosphere, accepted bl4_4-0 QNSE/ QNSE/ -
bl5_1-0 MYNN2.5/ revised MM5/ 0
bl5_1-1 MYNNZ2.5/ revised MM5/ 1
bl5_1-2 MYNNZ2.5/ revised MM5/ 2
bl6_5-0 MYNN3/ MYNN/ -
bl7_1-0 ACM2/ revised MM5/ 0
bl7_1-1 ACM2/ revised MM5/ 1
bl7_1-2 ACM2/ revised MM5/ 2
bl8_1-0 Boulac/ revised MM5/ 0
bl8_1-1 Boulac/ revised MM5/ 1
bl8_1-2 Boulac/ revised MM5/ 2
blo_1-0 UW/ revised MM5/ 0
blo_1-1 UW/ revised MM5/ 1
bl9_1-2 UW/ revised MM5/ 2
bl12_1-0 GBM/ revised MM5/ 0
bl12_1-1 GBM/ revised MM5/ 1

bl12_1-2 GBM/ revised MM5/ 2
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6hr ECMWF analyses

Duration of medicane (hr)
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S (set 3): Initial conditions: 0000 UTC 7 Nov 2014
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NO P¥ ANOMALY

T S

(http://dx.doi.org/10.1016/j.atmosres.2017.07.018) 260 ~220 ~180 ~—140 -100 60 20

Geontential (anm)



1800 UTC
7 Nov 2014

X

: ; N %
\ y AN m \EL “:?A n
e ':. N

Carrio et al. 2017:
Atmospheric Researdl




Case Study: Conclusions
*The medicane Qendresa of November 2014 formed south of Sicily in
an environment of pre-existing convection and cold temperatures aloft.

e Baroclinic instability appears to be important for its triggering.

eThe minimum mslp reached 984 hPa at Malta while
sustained 10m wind speed of 24 m/s and gusts of 37 m/s were
recorded at Lampedusa.

*The satellite imagery, the radar data and the ECMWF operational
analyses showed that it exhibited hurricane-like characteristics such as
an ‘eye’, eyewall convection and warm core structure.

*The non-hydrostatic WRF-ARW model provided a satisfactory
representation of the main features of the medicane.

eNumerical experiments showed the significant role of the dynamic
tropopause anomaly (Carrio et al. 2017).

e An almost linear deepening of the medicane by about 9 hPa was
evident as the SST anomalies increased from -3 °C to +1 °C.

e There is a strong sensitivity of the simulated medicane to the physics
parameterizations of the numerical model.






