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Content:

- Observations:
- General view (squall line across the Balearics on 22-Jan-2021) and
details: wind, pressure, long waves / meteotsunamis
- Diagnosis:
- Synoptic frame and mesoscale aspects
- Predictability:
- Results from models, concerning wind, concerning meteotsunamis
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Diagnosis



Meteorological diagnosis

Large scale Cyclone Hortense
Cold front - Line of convective cells - thunderstorms

Southern edge of the cold front + dry intrusion =
Severe multicell convective system

'

Mesoscale Squall line = Gust wind - pressure jump



=

©

} —

[y e
>+ Q
4 b O e
(@}

(%]

(@)

4

Water vapour satellite images

—— Cyclone Hortense

Warm conveyor belt — upper air front

Maximum upwards forcing - severe

>
Q’ Conve
v
Sinking str.

convective system — squall line

i ) . [
P
Ny s |
Ot W

Research Group @ Heidelberg University

-

Kartenmatenal: Map data © OpenStreetMap contributors

Satellite Water Vapor @ Fri 01/22/2021, 11:00am CET

[—

wet/cold dry/warm

© Kachelmann GmbH - Download for private use onlz!

Sharing: Please get the pic's permalink from share button top right . i

Spain ¢ meteologix.com
Satellite data: EUMETSAT

e

.

¥a
-

” -
15.!3!‘ t ; »
o A 'Lf e .

%

Satellite Water Vapor ©

wet/cold dry/warm

© Kachelmann GmbH - Download for private use onlg!

Sharing: Please get the pic's permalink from share button top right i

Soamn §$/meteologix.com
Satellite data: EUMETSAT



- ;
— ) o \‘_,-5-4{-._____--1

—
rd =

T "
L

ECMW] [°C]
—_— -———'__-.____-.....E-"_-._'E = %
= M -~ i — ﬂ ——
—_—] —— — - -

200hPa

250hPa

200hPa

400hPa

S00hPa

E00hPa

TOohPa

20ohFa
250hPa
S00hPa

350hFPa
ground¥
I22'E

Instability

Cross-Section from map Equivalent Potential Temperature and Vorticity Advection
for 40°15'M 1°09"'W - 39°14'N 3°22'E, valid 22.01.2021 09:00

Section across dry-intrusion/jet-streak and and surface-cold-front
(obtained from the ZMAG — EumeTrain facilities — based on H+9 ECMWEF forecasting)



s there enough instability to explain convective gust speeds of 120-130 km/h in
southern Mallorca and still 110-120 km/h in Menorca?

Probably not. Probably the strong cyclonic general wind has to be added to the
convective contribution. In the case of Palma-airport it can be guessed:

General wind: 50 km/h + Convective contribution: 80 km/h = Wind gust: 130 km/h

This is a wind speed record since 1961

Estacion E27E - AERO. P‘ALr‘-ﬂA DE MALLORCAS (BEALEARE=)
Wel media del wiento w miaime (kmifhl. D 2200018 _-‘0_-‘1 de OO0 = 24 LITC




Marine diagnosis from atmospheric forcing

Squall line + previous pressure oscillations = Main pressure jump (3-4 hPa)
+ wind gusts (100-130 km/h) = initial marine marine waves: 3-4 cm high 2
Palma, 35 cm; Portocristo, 25 cm; ... =2 amplification mecnaisms? Proudman
resonance? shoaling effect? port/bay resonance?

2021 | To [Jan 22,2021 | zoom "4 U W T "

Portocristo,
Pressure : sea level

Ciutadella is a particular case 2>




Port of Ciutadella

Perhaps not the main squall line, but intense convective cells passed over Ciutadella, producing:
Wind gust: 88 km/h; pressure jump: 2.5 hPa; sea-level oscillation: 60 cm (data from Ports IB):
More than double amplification of the marine long waves than in other ports (Palma, Portocristo, ...)
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Squall line (south) and new cells (north)
displacement at 100 km/h =28 m/s
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Bathymetry, in terms of shallow water marine long wave speed: 23 m/s, 28 m/s,
36 m/s — deep blue: lines of largest Proudman amplification (Licer et al., 2017)
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Verification and Predictability

From mesoscale meteorological models
and marine models



The meteorological models (ROMS and TRAM models
do forecast pressure oscillations, even convective
squalls (strong pressure jumps), although the most
intense convective cells and the convective squalls
are badly located.

This means:
Squall line not in place
Rissaga event: underestimation



—— 0OBS —BRIFS (both curves at

mid-harbour point)
BRIFS produced a moderate
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compared to observations.
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Atm. pressure

The overall pressure
drop between ~06:00
and 18:00 over
Mallorca-Menorca is
underestimated in the
model.

The ~3hPa sudden
pressure jump observed
from Andratx to
Ciutadella is not
represented in BRIFS
(high-frequency
oscillations exist but
with a ~0.5hPa
magnitude in the
model).

Sea level pressure (hPa)

Andratx

1012 e e e i E e e e e
1010+

1008- - -

1006 - - -

1004 oY

1002 -
22-Jan
Co:00 UTC

23-Jan
oo0:co uUTS

12:00 UTC

Sa Rapita
1012 | '
1010 g -
1006- - -
1004

22-Jan
Boeon UTS

23-Jan

1200 UTS ne:o LTS
Ciutadella

1012 : :

-”]-ID e

10046 ¢

1004

1002 |

22-Jan
GO0 LUTC

23-Jan
a0 LT

1200 LTG

—OBS —BRIFS

Estellencs

23-Jan
O0:00 Ut

22-lan

0ceo0 TS 12:00 UTS

Follensg

S

1010+

1000
Z22-dan
0000 TS

23-Jan

12:00 UTC oo UTG

La Mola
1012 : :
1010
1006
1006
1004
1002

22-Jan
GoOn LTS

23-Jan
Q00 LT

1200 UTG



High-freq. atm. pressure

High-pass filtered surface
pressure maps show the
presence of ~¥0.5-1hPa anomalies
all over the region in the model.
An eastward propagating squall-
line-type feature is present in the
model but it is located further
north, so without effects on the
model rissaga.
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High-freq. atm. pressure

Maximum atmospheric pressure variations (hPa) in

25min intervals from 4:00 to 16:00 UTC on 22 Jan 2021
42 m = 3

This squall line generates
pressure jumps >2hPa!
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TRAM Atmospheric-Oceanic SIMULATION

MSL PRESSURE (hPa) & CONDENSATE (kg/m?)

Forecast: @4:3eh / Valid: 10:3@z Fri,

Air pressure (hPa)
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Thank you



