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Ingredients for thundersnow?

* Ingredients for snow:
* Moisture
» Cold air (wet-bulb < 0°C) (e.g. due to melting of precip)
o Lift
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Ingredients for thundersnow?

* Ingredients for snow:
» Moisture
» Cold air (wet-bulb < 0°C)
« Lift
* Ingredients for lightning:
* Moisture
* Positive CAPE @ -10to -20 °C
e Lift
* Ingredients for deep moist convection:
* Low-level moisture
« Steep mid-level lapse rates
e Lift
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How much CAPE for this much lightning?

A. 1000 J/kg
B. 500 J/kg
C. 2000 J/kg
D. 200 J/kg

E. 30 J/kg
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How much CAPE is needed for lightning?

08:00 Fri 22 Jan 2021
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Forecasting lightning using CAPE

Likelihood increases only in the range of 0 -> 200 J/kg of

100 Westermayer et al.
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Winter-time lightning

Less frequent, but more powerful: ,,superbolts”
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Elevated CAPE thundersnow

01/22 2100




01/22 2100 |
01/22 2100 1

>
-
S
©
-
o
O
@©
-
(7))
=
-
@)
—
7))
@
-
()
>
(D)
7))
-
@©
(D)
o
o
-
>
LLI

Elevated CAPE thundersnow

4



zﬁ European Severe Storms Laboratory

Elevated CAPE thundersnow

01/22 2100

ICON-EU - 01/22 2100 (01/22 12 UTC +9h)
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Elevated CAPE

06:00 Tue 11 Feb 2020
ECMWF 850 0 02/11 0600
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ECMWEF - 02/11 0600 (02/11 00 UTC +6h)
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Where does the ,elevated” parcel start?

ECMWF - 02/11 0600 (02/11 00 UTC +6h)
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Where does the ,elevated” parcel start?

ECMWF - 02/11 0600 (02/11 00 UTC +6h)
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Where does the ,elevated” parcel start?

ECMWF - 02/11 0600 (02/11 00 UTC +6h)
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What do these have in common?

ICON-EU - 01/22 2100 (01/22 12 UTC +9h)

ECMWF - 02/11 0600 (02/11 00 UTC +6h)
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What do these have in common?

Steepest lapse rates and MUCAPE can be found in the typical charge separation zone

ICON-EU - 01/22 2100 (01/22 12 UTC +9h)

ECMWF - 02/11 0600 (02/11 00 UTC +6h)
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Thundersnow at Mt. Everest

Wetterd, 0BS: Lufttemperatur 1.5/2m Gber Grund (180 Stationen), 756 Blitze / 3 Stunden, Satellitenbild METZVIS
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c) MeteoGroup
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Thundersnow at Mt. Everest

0 Stationen), 756 Blitze / 3 wden, Satellitenbild METZVIS
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Thundersnow at Mt. Everest
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A

Thundersnow at Mt. Everest

Wetterd, OBS: Taupunkt (79 Stationend, 350 Blitze / 3 Stunden, Satellitenbild MET7VIS

12 15
¥ 1 ,

Di, 08.05.2018 18:00z, SAT: 18:00z (c) MeteoGroup -, 165 - 186 km
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4

Thundersnow at Mt. Everest

Wetterd, 0BS: Gegenwartiges Wetter, Wetterzustand nach WM0485 (76 Stationen), 924 Blitze / 3 Stunden, Satellitenbild MET7V

- 5 24
Di, 08.05.2018 21:00z, SAT: 21:00z (c) MeteoGroup L 165 - 186 km
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A

Thundersnow at Mt. Everest

Wetterd, 0BS: Taupunkt, 1067 Blitze / 3 Stunden, Satellitenbild METZVIS

Di, 08.05.2018 22: 12213 oGroup L 165 - 186 km
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Thundersnow at Mt. Everest

Wetterd, 3373 Blitze / Stunden, Satellitenbild MET7VIS
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High-shear, low-CAPE thundersnow

18:00 Wed 13 Jan 2021

LINET (D) 01/13 1800
Airmass (RSS) 01/13 1800
COSMO-D2 500 01/13 1800
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High-shear, low-CAPE thundersnow

18:00 Wed 13 Jan 2021

COSMO-D2 500 01/13 1800
Airmass (RSS) 01/13 1800

N FN NS N
500 mb Geopotential Height (black), Témperature (shaded and white contours), Winds (barbs)
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4

High-shear, low-CAPE thundersnow

18:00 Wed 13 Jan 2021

COSMO-D2 700 01/13 1800
Airmass (RSS) 01/13 1800

= 3 =

700 mb Geopotential Height (black), Tperatur (shaded and white cbtours), Winds (barbs)
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High-shear, low-CAPE thundersnow

BT CEREREUW P

EURadCom 01/13 1755
COSMO-D2 700 01/13 1800
Airmass (RSS) 01/13 1755

de and white contours), Winds (barbs]
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High-shear, low-CAPE thundersnow

BT CEREREUW P

COSMO-D2 850 01/13 1800
Airmass (RSS) ‘ 01/13 1755

"\\__\ A 5 ok

850 mb Geopotential Heght (black), Tmperatehaded and white contours), inds (barbs)
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High-shear, low-CAPE thundersnow

BT CEREREUW P

EURadCom 01/13 1755
COSMO-D2 700 01/13 1800 I
Airmass (RSS) 01/13 1755 1

COSMO-D2 - 01/13 1800 (01/13 12 UTC +6h)

SRH ©-1km: NaN m2/s2
SRH ©-3km: 'NaN m2/s2

SHR ©-6km: NaN m/s
SHR @-3km: 23 m/s
SHR ©-1km: 14 m/s

MLCAPES® : 2 J/kg
MLCINS® : 1 J/kg

SFC 980mb LCL 265m AGL, 943 mb
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High-shear, low-CAPE thundersnow

BT CEREREUW P
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Lake Effect Thundersnow

10:00 Mon 18 Jan 2021 - o T

ECMWF Lapse R & Moist. . & A’ ™ g . '
HRV-Clouds (RSS) ‘ " 'A 3 ; o A

Specific Humidity and Wmd (arrows) at 500 m AGL (g/kg), Lapse rate 850-500 mb in red (Klkm)
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Lake Effect Thundersnow

10:00 Mon 18 Jan 2021

ECMWF Lapse R & Moist.
HRV-Clouds (RSS)
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ECMWF - 01/18 0900 (01/18 00 UTC +9h)
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Lake Effect Thundersnow

10:00 Mon 18 Jan 2021

ECMWF Lapse R & Moist.
HRV-Clouds (RSS)

. R .'4 2
4 by 8 . g
> ’.i\n }' . - ‘# ‘

Specific Humidity ad Wind (arrows -a't 00 m AGL (g/k

400

500

600

700

800

900

1000

[SFC 1020 mb

#~~ LCL 894 m AGL, 910 mb

10 20 30




m European Severe Storms Laboratory

Lake Effect Thundersnow

10:00 Mon 18 Jan 2021

ECMWF Lapse R & Moist.
HRV-Clouds (RSS)

fds

ECMWF - 01/18 0900 (01/18 00 UTC +9h)

PR -

Specific Humidity and Wind (arrows) at 500 m AGL gtk ~ 5 ———
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Lake Effect Thundersnow

10:00 Mon 18 Jan 2021

ECMWF Lapse R & Moist.
HRV-Clouds (RSS)

- , ‘=

CMWF - 01/18 0900 (01/18 00 UTC +9h)

#———~—— LCL 606 m AGL, 945 mb

Specific Humidity and Wind (arrows) at 500 m AGL gk S
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Jim should move to Europe!
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Other conclusions?

Look for ingredients! Winter-time lightning cases often involve:
» Strong forcing
»Marginal moisture

» Steep lapse rates throughout the charge separation zone

Have you seen any interesting case or do you have some questions?
Contact us at: tomas.pucik@essl.org
christoph.gatzen@ met.fu-berlin.de
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