Satellite and radar investigation of hailstorms in Emilia-Romagna
A benchmark for a new integrated nowcasting system
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Abstract
Hailstorms are local severe weather phenomena that can produce significant damages to crops and infrastructures. Generally, the heaviest damages originate from hail diameters larger than 2 cm. This is the threshold typically used by insurance companies for
evaluating economic reimbursements. In this work we describe an extensive study based on satellite and radar observations to analyze hail events that hit Emilia-Romagna. The study is based on the comparison between two different methodologies using
insurance reports as ground truth. The MicroWave Cloud Classification-Hail [1][2] algorithm (MWCC-H) is used for detecting and classifying hail events through the microwave high-frequency radiometers orbiting on the Global Precipitation Measurement
Constellation (GPM-C). The radar approach follows the combination of several indices for identifying hail clouds: a) the Probability OF Hail (POH, [3]) at the ground; b) the VIL density [4][5] to assess the severity degree of the hailstorm; c) the reflectivity-based
threshold method Z >55 dBZ [6].

Data and methods
Three independent data sources have been intercompared: 1) the satellite hail detection from GPM-C; 2) the hail identification from the ARPAE radar composite; 3) the hail
flag (yes/not) extracted by official reports of the UNIPOL insurance company, typically linked to hail-sized diameter larger than 2 cm.

Case study 1: 3 July 2020
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 UNIPOL hail reports: Boolean flag (yes/not) in the temporal range ±3 hours centered on the time of the hail event.
 POH: hail probability at ground estimated by the radar 45 dBZ echo top and the freezing level. POH ≥ 80% → hail.
 VIL density: vertically integrated liquid content divided by the radar echo top. VIL >3.5 g/m³ → large hail.
 Reflectivity Composite: reflectivity acquisitions from Gattatico (RE) and San Pietro Capofiume (BO) C-band radars, held by ARPAE-SIMC. Values higher than 55 dBZ are
possibly related to hail presence.
 MWCC-H: hail probability values calculated through the GPM-C microwave sensors. This algorithm performs the following categorization of cloud hydrometeors :
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Main advantages
1. Complementary technique for hail investigation based on two independent approaches (Radar and Satellite).
2. The MWCC-H method can support the real-time radar observations to improve the quality of final hail map.
3. Coupling satellite and radar retrievals the evolution of hailstorms can be monitored and tracked.

Case study 2: 4 July 2020
POH–UNIPOL

MWCC-H–UNIPOL

Major limitations
1. Satellite hail products suffer of the polar orbit time gap. Thus, only 1-3 hr a new observation can be retrieved.
2. Possible misses can be induced by the fact that satellite retrieves hail in the clouds while radar at ground.
3. A different observation time that may have implications on the microphsysics phase of hydrometeors.

Graphical example of the ARPAE-SIMC hail indicators and MWCC-H hail probability
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Case study 3: 14 August 2020

Case study 3: 14 August 2020
ARPAE – C-band Radar Reflectivity Composite

MWCC-H – Hail Probability
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Conclusions and future works
The analysis implemented in this work demonstrate the overall good spatial correlation between radar and satellite both in detecting hail events and to define the severity of
storms. The UNIPOL reports of hail damages at ground support and validate the matching between radar and satellite in particular when hailstreaks associated to diameters
> 2 cm are retrieved. In fact, the highest values of radar indicators (POH, VIL, Reflectivity) and MWCC-H hail probability fit the damages to infrastructures typically linked to
hail diameters larger than 2 cm.
These preliminary results where strengths and weaknesses of two approaches are highlighted, open the way to a new integrated nowcasting system where radar hail maps
and MWCC-H hail probabilities can be combined through an advanced nested architecture for detecting and monitoring hailstorms at the regional scale. To the scope, we
have planned 1-yr of experimental campaign where hail events as detected from the radar and GPM-C are assimilated in a dynamics architecture in order to asses an optimal
reconstruction of the hail season.

Case study 4: 23 August 2020
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