High-resolution operational NWP for forecasting

meteotsunamis

Martina Tudor’, m e

MESSI: Jadranka Sepié? Principal investigator
ADAM Adria: lvica Janekovi¢>*

1 Croatian Meteorological and Hydrological Service, Zagreb, Croatia
2 Insititute for Oceanography and Fisheries, Split, Croatia
3 Ruder Boskovi¢ Institute, Zagreb, Croatia
4 The University of Western Australia, School of Civil, Environmental and Mining Engineering & UWA Oceans Institute, Crawley, WA
6009, Australia

http://jadran.izor.hr/~sepic/MESSI/

EWGLAM/SRNWP, Reading, UK, 2-5 Oct 2017



rko Dragojeviéi
BRko Drago

Outline
 What are meteorological tsunamis?
 Which meteorological conditions
cause them?
- Gravity waves
- Synoptic setting
« Results using 2 km non-hysrostatic
ALADIN System ALARO CMC

* Project: “Meteotsunamis, destructive
long ocean waves in the tsunami
frequency band: from observations
and simulations towards a warning
system” (MESSI)
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Definition

* A meteotsunami or meteorological tsunami is
a tsunami-like wave of meteorological origin.
10% of tsunamis worldwide have unknown origin

3% already assigned to meteorological
conditions

atmospheric gravity waves, pressure jumps,
frontal passages, squalls ...

local names: rissaga (Catalan), ressaca
(Portuguese), milghuba (Maltese), marrobbio
(Italian), abiki (Japanese), S¢iga (Croatian)

It is a rare event, but in Croatia: 28 Jun, 1 and 11 | « = o
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Motivation
e Events:

- Vela Luka (1978, 6m),
Chichago (1954,3m),
Nagasaki (1979,5m),
Ciutadella (2006,4m),
Daytona Beach (1992,3.5m)
... Netherlands, Australia,
New Zealand, UK, France,
Finland

« High waves destroy
coastlines, strong currents
endanger marine traffic
(reduced sea depth during
low tide).
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Global and Medlterranean meteotsunamls

EWGLAM/SRNWP, Reading, UK, 2.5 Oct 2017 (Vilibic et al. 2016)



Synoptic setting for Ciutadella (sepic and viibic, Gre,2016)
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Synoptic setting: temperature at 850 hPa and geopotential and wind at 550 hPa, averaged for the
15 strongest events observed at the Ciutadella tide gauge between 1 January 2013 and 1 January
2016. Averaged vertical wind profile during the same 15 strongest event is shown on the right.
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Forecasting meteotsunamis o

* Synoptic setting:
- Inflow of warm air from Africa ~850 hPa
- SW jet > 20 m/s at ~500 hPa
- Unstable layer (Ri<0.25) 400-600 hPa

High resolution: Forecasting a pressure
change of more than 1hPa/1min

Model output every minute

Pressure disturbance moving

- in the right direction (direction of SW jet)
— at the right speed (speed of SW jet)

- (at the right time)

EWGLAM/SRNWP, Reading, UK, 2-5 Oct 2017



Can these pressure disturbances be forecast by
an operational NWP model?
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Figure: Air pressure measured on stations Vrboska (blue, Hvar island), Vis
(red) and Vela Luka (green) with one second data interval during a
widespread meteotsunami event on 25-26 June 2014, maintained by IOF .
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Maximum pressure change in 5 min

24 June (22:00) - 25 June (04:00) 25 June (04:00 - 10:00)

25 June (10:00 - 16:00)

Plots showing intensity and spatial distribution of air pressure disturbances o O O O O O O
Black dots - did not surpass 1.0 hPa/5 min. 10 125 15 175 20 225 25
Red - amateur meteorological stations, and Air pressure rate of change (hpa/5 min)

green - high-quality microbarograph stations (Sepic’: et al.. PAG 2016)



Different SSTs and topography representations
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1 July 2017,
Vrboska
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Summary

Definition: A meteotsunami or meteorological tsunami is a

tsunami-like wave of meteorological origin (atmosp
gravity waves, pressure jumps, frontal passages, squa

neric
S).

Synoptic environment can give an index for individual

Prediction of the pressuer wave has to be precise for
propagation speed and direction.

Sensitive to LBCs and dynamics and physics set-up, S
topography representation

narbour.

ST and

High resolution forecasts atmospheric waves, low wave

amplitude, propagates at different location.
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Surface temperature - 2014062500 ROMS
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The SST in the operational forecast (left), when using SST from OSTIA (middle) and ROMS (right).
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Maximum pressure change in 5 min
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Plots showing intensity and spatial distribution of air pressure disturbances ©o o O O O O O
Black dots - did not surpass 1.0 hPa/5 min. 10 125 15 175 20 225 25
Red - amateur meteorological stations, and Air pressure rate of change (hpa/5 min)

green - high-quality microbarograph stations (Sepic’: et al.. PAG 2016)
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Terrain roughness
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Rather smooth terrain over mountains when roughness computed from the old database
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Different SSTs and topography representations
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OPER: old topography and z0 IFS SST, OST — using 6STIA SST, RO — using ROMS SST,
NC — new topography and zO, NCO — new topo + OSTIA SST, NCR — new topo + ROMS SST.
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Different SSTs and topography representations

DYN
OPER lon=16.43
lon=16.43 lat=43.52 5,5 .
[t 4355 2w . Sp“t
1S Split B
’_D‘":“:
o
=0 ==
e 20
=
50 §
a 5
o 0
Q-,
2400 NCO
2400 NCO 5400 NG 1004 6 h
ours
2400 RC 2400 OST1002
2400 OST, . 2400 OPER
2400 OPER °°

OPER - old topography and z0 IFS SST, OST — using OSTIA SST, RO — using ROMS SST,
NC — new topography and zO, NCO — new topo + OSTIA SST, NCR — new topo + ROMS SST.

EWGLAM/SRNWP, Reading, UK, 2-5 Oct 2017



