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In a nutshell

Between 18 June and 31 July 2021, widespread and
intense hailstorms occurred over Switzerland

- historical damages to buildings, cars and crops. ‘

Captured by unigue combination of 3 hail
observing systems in Switzerland: 5 dual-pol
radars, MeteoSwiss crowdsourced report function
(2015), 80 automatic hail sensors (2018)

Hail Days
Average number of hail days per km? in the summer half-year
N slightly lower data quality

Swiss radar-based hail climatology (2002-2021) - rare events
Focus on 28 June: most severe impact 13
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28.06.2021 — Weather situation
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28.06.2021 — Daily Max POH and MESHS (radar-based) :
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28.06.2021 ~ 11°000 reports (hlghest daily number)
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June 28 2021:

All ingredients for severe convection were present
Largest number of daily crowdsourced reports (11°000)

Largest areas for severe (>2cm) and extreme hail (>4cm), and 2" largest hail-affected area
(POH>80%) since 2002

Hailstones of up to 9 cm diameter (local return periods of 70-100 years)
Comparison between radar/crowdsourced/sensor data in progress

Detailed material available online: weather situation, daily analysis, automatic hail sensors
measurements (https://meetingorganizer.copernicus.org/EGU22/session/43873)

Publication submitted to Weather journal (28 June and 8 July, weather description, climatological
analysis, hail data analysis)

Swiss hail climatology: www.hailclimatology.ch

Contact: jerome.kopp@qiub.unibe.ch
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Halil observing systems in Switzerland



Unique combination of 3 hail observing systems in
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Switzerland
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Since 2002 — Radar-based hail products: POH, MESHS — 5 min / 1km resolution; source: composite 5
MCH radars (ECHOTOP) + COSMO 0°C isotherm

Since 05.2015 - Crowdsourced reports: users of Meteoswiss application reports hail size in, smartphone
location and time, reports are filtered to keep only “plausible” hail (see Barras et al. 2019 for details)

Since 06.2018 - Automatic hail sensor network : 80 sensors installed between 06.2018 and 07.2020 in 3
regions (Jura, Napf, Ticino) where hail is to be expected frequently according to climatology (Nisi et al.,
2016, 2018) -> Prolect Schweizer Hagelmessnetz
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POH and MESHS radar-based products
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POH: probability of hail at the ground

(Foote et al., 2005 based on Waldvogel et al., 1979)
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MESHS: max_ expected severe hall size CLIMATE CHANGE RESEARCH
(Treloar, 1998)
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Project "Schweizer Hagelmessnetz”
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» The purpose of the Swiss Hail Network is to record for the first time the impact energy, grain size
distribution and precise time of hailstorms

» Financed by Swiss Mobiliar, sensor developed by InNET Monitoring AG based on an idea of Prof. Martin
Loffler-Mang from htw Saarbrticken.

« The halil sensor consists of a Makrolon (thermoplastic) disc with a diameter of 50cm. The Makrolon disc

begins to oscillate upon the impact of a hailstone. The oscillations are recorded by a highly sensitive
microphone.

 Time resolution: 200ms

Mobiliar / Sascha Moetsch © Manu Friederich

© Manu Friederich
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Hailstone diameter measurements
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Raw “digits” from sensor -> (calibration) hail kinetic energy -> (formula) hailstone diameter
Calibration by the manufacturer under laboratory conditions before delivery

Calibration once a year before and / or during the hail season (exposure to weather)
4

4 [9*Ekin*P air*Cw

(Pice)z*ﬂ'*g

dhail —

10g10(Smax)

kg
3

Vor FK.: y=3.3167 * x + 0.5011 For spherical hailstones with constant drag coefficient
Nach FK.: y=3.3912 * x + 0.4899 mit R?= 0.9826 c,- Microphysics of Clouds and Precipitation. 2nd ed.
| | | Springer, 954 pp
-1 0 1
log10(Ekin)

Example of a field calibration using the sensor at the SwissMetNet site in Fluhli
(FK = field calibration). From inNET Projektdokumentation V2.4 — 21.01.2021

.I-J
N I—

Pair = 12; , Cw =105, pice =870 kg/m3
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Hall measurements from 18 June to 31 July 2021
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POH from 18.06.2021 to 31.07.2021
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Monthly sensor measurements (top) and crowdsourced u

reports (bottom)

Number of sensor impacts per month
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Around 6000 impacts in June and July 2021
Sensors with at least 5 daily impacts

Network is fully operational since March 2020
53% of impacts

Around 50’000 reports in June and July 2021
Filtered, without “no hail”, reports

Function “concealed” from September 2017 to July 2020

50% of reports
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Daily sensor measurements (top) and crowdsourced reports u
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Climatology

Table 1: Daily maximum MESHS and areas of the five most intense 2021 hail
events for Switzerland (CH), North of the Alps (NoA) and South of the Alps
(SoA). The rank is given in brackets, top-ten ranks are shown in bold. Ranks
are given relative to all 3660 potential hail days of the hail seasons 1 Apr-30 Sep
2002-2021, of which 645 had hail areas >100km?.

region 20.06.2021 21.06.2021 28.06.2021 08.07.2021 24.07.2021

a) Maximum MESHS (Maximum Expected Seveﬁe Hail Stone Size) in event |cmn)|

CH 8.2 7.2 9.2 6.3 6.9
NoA 8.2 7.2 9.2 2.3 6.9
SoA 6.8 3.7 7.4 8.8 8.1

b) Event area [thous. km?|

hail Tikel CH  44(34) 3843  88(2) 2.5 (83) 8.0 (5)
all likely
(POH>80) NoA  9.9(26) 139 (11) 13.7(12)  0.06 (951) 1.1 (19)
- SoA 1.3 (270) 0.4 (598) 24 (134)  15.4 (1) 3.4 (76)
severe hail CH 19 (7) 1.0 (23) 4.4 (1) 0.5 (-68) 1.0 (25)
(MESHS>4 ey 04 27(8) 341D 5.9 (2) 0 (1593) 1.1 (66)
28 U cim
- SoA 014 (297) 0 (1557) 0.4 (136) 4.8 (1) 1.2 (34)
extreme hail cH 0.8 (3) 0.05 (70) 1.1 (1) 0.008 (169)  0.07 (57)
(MESHS>6 cm) 0 0:9(6) 016(67) 1.5(2) — 0(1337)  0.06 (121)
Ar cm
- SoA  0.02(238) 0 (1368)  0.03(219) 1.1 (1) 0.3 (22)

Contribution from Katharina Schroeer
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Local return period estimates for 28 June (top) and 8 July 2021
(bottom). Estimates refer to the frequency of expected annual
maximum MESHS per radar pixel (1 km?) and are based on 3000
synthetic years calculated with an environmentally constrained
stochastic resampling approach (Schroeer et al., 2022)
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Weather description of June 28 and July 8 2021

All the ingredients for severe convection (instability, shear, high CAPE, and high moisture levels)
were present over Switzerland on both days, generating several storm cells.
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Main storm tracks
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Map of Switzerland. Red patches show
urban areas; yellow dots denote
automatic hail sensor locations in the
three hail-prone regions (Jura, Napf,
Ticino); the blue and green tracks
show the path of the centroid of the
longest living storms of 28 June and
8 July 2021, respectively, as derived
from radar observations; locations of the
Payerne (P) and the Novara Cameri (N)
soundings displayed are also shown.

On 28 June, the storms originated in
Western Switzerland around 1400
UTC and then moved along the
northern flank of the Swiss Alps
following southwest to northeast
tracks. On 8 July, the storms formed in
Northern Italy around 0700 UTC and
moved over Southern Switzerland

(Ticino) following south to north tracks
21



Potential Vorticity (PV) and Integrated Water Vapor
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(a-b) ERA5 PV on the 330-K
isentrope (PV units, color shading),
horizontal wind field at the same
level in ms-1 (arrows) and Q-vector
convergence 5*10 > 1018 m s'1 kg1
(brown shading);

(c-d) ERAS Integrated Water Vapor;
on 1200 UTC 28 June 2021 (left)
and 0600 UTC 8 July 2021 (right)
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Wind Shear and CAPE
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(e-f) COSMO2Z2E vertical wind shear
(difference between 500-hPa and 10-m
wind) magnitude (color shading) and
direction (vectors);

(g-h) COSMO2E CAPE of most
unstable parcel with location of Payerne
(g) and Novara Cameri (h); on 1300
UTC 28 June 2021 (left) and 0800 UTC
8 July 2021 (right).
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Soundings and hodographs of Payerne (a, left) and Novara Cameri (b, right) stations
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— 4-5 cm hail in La-Chaux-de-Fonds

4-5 cm hail in Wadenswil
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Picture source: Sturmarchiv Schweiz / www.sturmarchiv.ch, © Association suisse des risques naturels (top) and © Nine (bottom)

* Around 4700 reports
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21.06.2021 — Jura region (sensors with > 30 impacts)
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21.06.2021 — Napf region (sensors with > 30 impacts)
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28.06.2021 — Daily Max POH and MESHS
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http://www.sturmarchiv.ch/

28.06.2021 ~ 11°000 reports (highest daily number)
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28.06.2021 — Damages due to large hail (7-10cm)
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08.07.2021 ~1700 impacts
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https://www.retemeteoamatori.it/blog/grandine-devastante-a-rozzano-milano-8-luglio-2021/, unidentified author (bottom picture)
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08.07.2021 — Ticino region
(sensors > 200 impacts)

time = 202

7-08

46.12°N
Report size B

< coffee bean
Coffee bean
1 CHF

5 CHF

Golf ball
Tennis ball

46.105°N

®0 @000

46.09°N

46.075°N

46.06°N

46.045°N

Daily max POH [%]

— 80

Sensor impacts
x <50 /
50 <x <100
® 100<x<200 \
® x>200

8.98°E 9°E

46.03°N
8.86°E 8.88°E 8.9°E 8.92°E 8.94°E 8.96°E
< | T
2 3 4 5 6 7 8

Daily max MESHS [cm]

diameter [mm]

diameter [mm]

time = 2021-07-08

Report size Daily max POH [%]
o < coffee bean — 80
46.074°N Coffee bean
1CHF
5 CHF
Golf ball
48.072°N Tennis ball
TAT
46.07°N R CENTRE

41ANGE RESEARCH

46.068°N

46.066°N

48 .064°N

Sensor impacts
x<50
50 < x < 100
@ 100 <x <200
®  x>200

46.062°N

8962°E  8.965°E  8.968°E  8971°E  BOT4A°E  B97TE  G98°E
(a)
25 [y
20 - z
156
5_
T T T T
CasaTESSERETE MaffeisTESSERETE RovelliODOGNO TrafohausBIRONICO
n=282 n=212 n=343 n=291
(b)
25 =
s CasaTESSERETE
20 4 LI o MaffeisTESSERETE
o oo e o + RoveliODOGNO
® o
54 ., .'ﬁ' foe e TrafohausBIRONICO
. . 0 o
o000 Sot .
04 ¢ ',é-e , e,
[} [ o g e
* . %
5 N ] p%i o S
——
09:41 09:42 09:43 09:44 09:45 09:46 09:47 09:48 33
Time UTC



24.07.2021
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diameter [mm]

diameter [mm]

24.07.2021 — Napf region (sensor with > 30 impacts)

Time series of diameters [mm] by sensor - 2021-07-24
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26.07.2021 — Napf and Ticino
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26.07.2021 — Napf (sensors > 30 impacts)
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26.07.2021 — Ticino (sensors > 30 impacts)
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