
MOTIVATION & GOALS RADAR OBSERVATIONS AND PROCESSING

RADAR SIGNATURE INTERPRETATION 

CONCLUSIONSREFERENCE LIST

Analysis of an hail-bearing supercell in the 
mediterranean basin from weather radars

Mario Montopolia, c, Errico Picciottic, Luca Baldinia, Saverio Di Fabioc, Frank S.
Marzanod, c, Marcello Migliettaa,  Alessandro Tiesia, Simone Mazzàe, Gianfranco Vulpianib

3

Corresponding Author: m.montopoli@isac.cnr.it

a) b)

c) d)

Ø Many climate indicators suggest that severe events will be more frequent in the 
future. 
IPCC 2012 report, Gleeson et al., 2020

Ø Over Europe recent studies reported a rising trend of wind and large hail events 
from 100 cases per year before year 2000 up to a level of 1208 and 2625 after year 
2010,  with peaks over Italy and mountains. 
Taszarek et al. 2020

• Details of this poster can be found in Montopoli et al., 2021 https://doi.org/10.1016/j.atmosres.2021.105852
• IPCC 2012 report (doi:10.1017/CBO9781139177245)  
• Gleeson et al., 2020 (doi:10.1029/2019WR024957)
• Taszarek et al. (2020) (doi:10.1175/JCLI-D-20-0345.1)
• Miglietta and Matsangouras, 2018 (doi.org/10.1002/ joc.5526)
• Kumjian et al. (2014) (https://doi.org/10.1175/JAMC-D-13-0354.1) 
• Edwards and Thompson,1998 (https://doi.org/10.1175/1520-0434(1998) )
• Treloar, 1998,
• Nisi et al., 2016 (https://doi.org/10.1002/ qj.2771)
• Ryzhkov and Zrnic 2019  (https://doi. org/10.1007/978-3-030-05093-1)

Ø In Italy extreme weather anomalies 
in terms of tornadoes, have been 
registered especially in the North 
and South-East part of the country, 
Miglietta and Matsangouras, 2018

q GOALS: Document microphysical and dynamical processes within an exceptional 
hail-bearing supercell using radar observations and assessing the predictability of 
such event typology by a state of the art weather forecasting model.
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Ø Between 6 and 11 July, 2019, a 6-days severe weather outbreak developed across the 
entire northern and central Mediterranean region spreading into the Alpine region and 
the Balkans, as well. 

Ø A supercell developed on 10 july, 2019 around 07:10 UTC, 62 km North from Pescara 
city which was hit by a violent hail storm 2.33 hours later, with reported hail size at the 
ground of the order of 14 cm.  

Radar data freely available at: doi:10.5281/zenodo.4897697

Ø Two dual polarised Doppler radars of the Italian Department 
of Civil Protection, (Il Monte and Serano radars), jointly 
observed the the whole evolution of the supercell.

Ø Both radars were able to measure:
ZHH: Reflectivity factor 
ZDR: Differential reflectivity 
FDP: Differential phase shift

rHV: Co-polar correlation coefficient
V: Doppler velocity 
W: Doppler spectrum width
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Ø 𝑍𝐻𝐻. Cyclonic rotation is nearly coincident with 
the weak ZHH region where the hook-shaped 
pattern occurs. Forward and rear flank areas 
are also clearly visible at the upper right and at 
left of the rotation center. 

Overlapping radar signatures and retrieved 
vertical air velocity (Wa) along C-D cut, 
shows:

Ø 𝑍HH.  An hail core (ZHH>55 dBZ) is ~ 9 km asl.
Ø 𝑍DR.  A ZDR tower lies is in the region of enhanced 

vertical updraft (Wa), suggesting the contribution 
of Supercooled (SC) liquid drops to the hail core 
for wet hail accretion.

Ø 𝜌𝐻𝑉. vigorous but limited depression of 𝜌𝐻𝑉 (a proxy of the presence of non-homogeneous 
distribution of hydrometeor types) is noted at the top of the 𝑍𝐷𝑅 tower where SC 
injection takes place.

Ø 𝐾𝐷𝑃. forms a tower in an area of reduced updraft and might be originated  by advection of 
SC from other ZDR tower nearby Kumjian et al. (2014). However.  𝐾𝐷𝑃 tower marks the 
presence of water suggesting the presence of hail fall mixed to water.  

Ø Closer to the ground at 65 km,  below del melting layer, where ZDR starts increase again 
and  ZHH≥57 dBZ, we likely have rain mixed hail.  That position coincides with the area of 
Pescara where most of damages caused by hail were registered.
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HAIL SIZING FROM RADAR DATA

HAIL SIZING FROM SIMULATIONS

Ø Hail sizing methods based on radar information 

A) VIL (Vertical Integrated Liquid) Edwards and Thompson,1998

𝐷!"#$ = 𝑐 𝑉𝐼𝐿+d   c=0.27; d=-10.60,  VIL [kg m-2],  DHail [cm]

B) MESHS (Maximum Expected Severe Hail Size) 
Treloar, 1998, Nisi et al., 2016

C) ADP (Differential Path Attenuation) Ryzhkov and Zrnic 2019
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Ø Data quality is guaranteed by 
the application of calibration, 
differential phase shift filtering, path attenuation on 
selected ray paths. Dual Doppler is implemented 
to get the wind field within the cloud.

Ø The supercell moved from North to South  following a 
particular path parallel to the Adriatic coast.
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Ø Numerical simulations of forecasted mean hail size using the 
HAILCAST model incorporated in WRF weather forecast 
are performed.

Ø Three runs are produced using different initial/boundary 
conditions:  
A) GFS on 09 July 2019 at 09UTC; 
B) GFS on 10 July 2019 at 00UTC;
C) ECMWF–IFS on 10 July 2019 at 00UTC;

Ø All the three runs well catch the order of magnitude of the 
expected hail compared with the radar indications.

A) B) C)

Ø Run B) seems to better represent the  hail size maximum, 
peaking  above13 cm during the mature phase(10-11 UTC)

Ø All the runs correctly reproduce the Northwest-to-Southeast trajectory followed by the supercell, although with a 
different degree of accuracy in its position 

Ø The richness of information brought by dual-polarised Doppler radars can shed a light on the microphysical and 
dynamical propertied of severe convective weather events like supercells.

Ø Such information is nowadays available by most of the operational radar systems and, if  properly processed,  is not 
limited to the visualization of the reflectivity factor, but it can provide products on hail formation and sizing although 
their accuracy needs further investigations.

Ø State of the art forecast models implemented are able to reproduce the general pattern of the supercell analysed and 
hail sizing in a general agreement with radar observations.
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Ø This work is supported by the CNR agreement with the Italian Department of Civil Protection. Some of the themes covered in the 
work are inspired to the RIVONA project for meteorological risks mitigation and nowcasting at airports .
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