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European Severe Storms Laboratory

How can we find out about the thunderstorm environment?
- Model data

- Real observations : soundings
- Which is more important: Reality or higher resolution?

-  MOTIVATION: Study and compare environments of different types of severe weather (hail,
wind, tornado, rain)
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Finding proximity soundings in central Europe
- Lightning / severe weather report within 150 km and 0-3 h after the sounding

- December 2007 till December 2013 — 16 421 proximity soundings
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European Severe Storms Laboratory

Severe weather reports

- Severe weather data obtained from ESWD
- Difficulty defining threshold for rain

- Tornadoes least common type of event

. Event type
Intensity . . .
Hail Wind Tornado Rain
Non - severe D<2cm G<25m/s No tornado No flooding
2cm=<D<5cm 25=<G<32,FO FO-F1 Flooding
D>=5cm G>=32, F1+ F2+ -

Hail Wind Tornado Rain

| Severe [EEYE 1089 482 2255

| Ex.severe [P 220 54 :
1635 1309 536 2255




European Severe Storms Laboratory

Most Unstable CAPE

- Intensity generally increases with increasing MUCAPE, especially in case of hail

- Not the case between severe and extremely severe wind and tornado categories
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0-6 km bulk shear

- Increase for hail, wind, tornado intensity; NOT for rain

- Extremely severe categories of hail, wind, tornado with values conducive to supercells
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CAPE - shear parameter space: probability of severe

Probability increasing towards the better ,,overlap” of CAPE and shear

Wind has second max in low CAPE, very high shear
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Is the highest probability collocated with the highest frequency?
High CAPE / shear regime features high probability BUT not a lot of events

More severe events actually occur with less favourable conditions
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What causes this?

- Most of thunderstorm environments have low to moderate CAPE and moderate shear

- High CAPE / high shear regime is rare!
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0-6 km shear
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European Severe Storms Laboratory

Where are particular threats dominant?

- Hail dominant in high CAPE / high shear regime, wind in low CAPE / high shear regime

- Rain dominant in low shear environments
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Lapse rates 800 to 600 hPa

- Constant increase only in case of hail

- Peculiar behaviour for wind and tornadoes
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Storm relative helicity 0-3 km

- Very similar pattern to 0-6 km shear but more overlap

- Note that high SREH values are rare
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LCL vs CAPE-shear for hail forecasting

- Probability of severe hail increases with increasing LCL for given product of CAPE and shear
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What about the rain events?

- Heavy rain so far dependent only on CAPE

- Probability of severe rain higher with high absolute moisture and high relative humidity
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What about strong tornadoes?

Probability higher with lower LCLs and strong 0-1 km shear

Probability very low even in favourable conditions!
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But is that all?

- There are other things that matter, but we were unable to describe them:

- Storm coverage and storm mode:
Will storms exist as isolated, discrete cells or a big convective system?

- Orientation of the flow with respect to the storm system or the gust front

Are storms moving quickly forward (wind) or are they training over the same area (rain)

These factors are important and they are impossible to forecast using just sounding-derived
parameters.



European Severe Storms Laboratory

Storm mode example

- Look at these two soundings. What do they show? What kind of severe would you expect?

11520 Praha-Libus 25.06,2008 12 UTC
% Parcel HL S8hPa =
188 --= all parareters are wirtual temperaturs correched --- CAPE: 391 J/kg
CINH: -59 J/kg
mon ML LI: -2.7K
—1Ekm # Parcel HU =
WL CAPE: 1087 J/kg
CINH: 0 J/kg
— i3k MULY:  SFC
260 o L # downdraft =
- ul
e winchl 1h LFS: 740 hPa
win " Cuke Ul DCAPE: 729 J/kg
# wind shear =
—10km LLI.I.]__
3808 [— O-Bkm:  23.3 mfs
—akm . 0-3km: 14.3 m/s
O-1km: 5.3 m/s
—&km %t
408 SRH L3km: 186 J/kg
SR wind $-Gkm >m Tk SRH Likm: 72 J/kg
508 —hkn t: #other indicies#
o R S EHI: 0.5
L SWR: Gdd
HEZ — TTI: B1.2 k
768 Fwind §-Zhm o SWEAT: 255
/ —%7. ﬁ\ N e KI: 3l
- hi
a50 VAR DTHE: 19.9 K
a5 rA N \&‘”‘" J LRS85: 11.1 Kskm
1600 | : | : | | — J LREE: 6.6 Kkm
=408 =38 =28 =18 a 18 28 38 48

David Rywar kolin - Czech Republic data source! University of Hyoming

SENHARN CZECHOSLOVAKIACCI 2015

11520 PrahaLibus 15.08.2010 18 UTC

# Parcel HL S8hPa =
188 === all parameters are wirtwal terperature corrected -—— CAPE: 907 J/kg

CINH: -d4 1/kg
Ttk LI: -4.2 K
—15km J # Parcel HU =
it CAPE: 1021 J/kg
A CINH: -&0 J/kg
st MULY:  SFC
opn . % # downdraft =
SR wind 9-11k
—11km
388
% =k
=&k
488 - SRH L3km: 60 J/kE
SR wind #-Gkm a &X\ " SRH Likm: -6 J/kg
- —&km
—Shkm EHI: 0.3

LF3: G753 hPa
OCAPE: 1175 J/kg

#* vind shear =

O-Bkm:  Z2.6 mfs
0-3km: 7.6 m's
O-1km: 1.4 mfs

#other indicies#

—4km i1
FL— TTI: 25 k
L I - = M52 =g SI.I.IEHT: 289
ﬁ / / —2km a0
a50 I:ITHE: 18.4 K
go5 ! I| —=1ikm .
| Y N LRS85: 8.3 EAkm
1888 | | | | | | | LREE: 6.8 K/km
=48 =38 =28 =18 a 1@ 28 38 43

David Rywar kKalin - Crech Republic data source! University of Haoming SKYHARK CZECHOSLOMARIAC=22014
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Storm mode example

- Radar from these situations
- Which one is more likely to produce large hail? Which severe wind gusts?

CZRAD - 2: MAX - 15.08.2010 15:50 UT CZRAD - £: MAX - 25.06.2008 18:00 UT

s 36.8

Source of radardata: CHMI.
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Storm mode example

- RESULT: Discrete convection favours large hail, clustered favours stronger cold pools and
severe wind gusts.

CZRAD - 2: MAX - 15.08.2010 15:50 UT CZRAD - £: MAX - 25.06.2008 18:00 UT
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Conclusions (aimed at forecasters)

Sounding derived parameters can help identifying thunderstorm related threats.
Threats should be covered separately, different conditions favour different types of severe
weather.

Severe weather does often occur outside the perfect high CAPE — high shear conditions.

And most importantly: There are no clear thresholds or magic values that clearly separate
non-severe and severe events.



