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Extreme sea levels





European examples

Seebär
Zeebar



On Monday in the 
Netherlands, a big 
thunderstorm was 
approaching from the sea
(June 2017)

Previous recorded meteotsunamis in the Netherlands occurred 
in 2004 and 2006.



Seebären



Storm Surge or 
Meteorological Tsunami ?

Storm Surge:
Duration > 12 hours, generated by 
wind + pressure systems either 
locally or remotely.  
Rate of change of water level small. 
Relatively weak currents

Meteotsunami:
Duration < 6 hours, generated by 
local pressure systems. 
Rapid change in water level. 
Strong currents

Inverted barometric factor: 1hPa = 1 cm
+wind: storm surge: 1hPa = 2-4 cm
meteo-tsunami: 1hPa = 20-50 cm



Proudman resonance 

Solving the governing equations of linearised 
depth averaged equations (neglecting friction, 
Coriolis and advection terms) yields the 
Proudman expression:
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𝐼𝑓 𝐹𝑅≪ 1 then 𝜂 = 𝜂𝑠
𝐼𝑓 𝐹𝑅= 1 then 𝜂 = 𝑢𝑛𝑏𝑜𝑢𝑛𝑑𝑒𝑑 (𝜀𝑚𝑎𝑥~ 5)

𝐼𝑓 𝐹𝑅≫ 1 then 𝜂 ≈ 0



Baltic Sea

2007-2018 sampling at 1 minute



Idealised simulations

Moving pressure jump: 2 hPa

Speed: 20 ms-1

Direction: 270 (west to east)
Marvin Lorenz (IOW)



Idealised simulations



Meteotsunamis

Location
Max 

height

Croatia 6.0 m

Balearic Islands, Spain 5.0 m

Nagasaki Bay, Japan 4.8 m

Boothbay, Maine, USA 4.0 m

Black Sea 3.2 m

Chicago, Great Lakes (US) 3.0 m

Daytona Beach, Florida 3.0 m

Dwarskersbos, South Africa 2.9 m

Longkou Harbour, China 2.9 m

Odessa, Black Sea 2.0 m

West Australia 1.1 m

New Zealand 1.0 m



Local names for Destructive Events. 

“Rissaga”, in the Balearic Islands, Spain (Gomis et al., 1993)

“Abiki”,  in the Nagaski Bay, Japan (Hibiya and Kajiura 1982) 

“Marrubio”, in Sicily (Candela et al., 1999) – ‘Mad Sea’

“Seebär”, in the Baltic Sea (Credner, 1889)

“Zeebar”, along Dutch coast (??)

“Malghuba”, in Malta (Drago, 2008)

“Sciga”, in Croatian Coast in Adriatic Sea (Hodzic, 1979/1980). 

Also:

Dutch coast, English Channel, Persian Gulf, Florida shelf, Brazil 
& Argentina Coasts,  the Yellow Sea, New Zealand, Australia

Meteotsunamis





0.6m

Burnie: Tasmania



Data Analysis

Measured

Tidal component

Residual

Weather band

< 6 hr period



Meteotsunami events around Australia



Processes contributing to water level 
variability at Fremantle
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Tsunamis: Seismic and Meteorological

Max: 0.72mMax: 0.60m

600 km



Thunderstorms 

Occur during the warmer season (October – April) 
and develop mostly in the afternoon.

Most storm events are highly localised.

They move at 20-40 km/h, and last only a few hours 
whilst some multiple events may affect a larger area 
(~600km). 



Cape Cuvier - WA

0.62 m



Cape Cuvier - WA



Meteotsunami events: Hillarys

Thunderstorm

Cold Front

Tropical Cyclone



Meteotsunami events: Hillarys

Water level
(measured)

Atmos. Pressure
(measured)

Water level
(< 6hr period)

Atmos. Pressure
(< 6hr period)

Hailstorm TC Bianca Cold Front



0.39m change in 5 mins

Max @ 1145 UTC

Meteotsunami
Perth region: 14 November 2015: 1145 UTC

2.2 hPa



Storm tracks: 10-11 June 2012 



Water level: June 2012 

Highest water 
level recorded in 
115 years 



Coastal flooding: Riverside Drive



Fremantle: 14 December 2018



Fremantle: 14 December 2018

3.4 hPa pressure jump in 15 minutes 
peak to trough max. wave height 0.61 m 



Event of 17 August 2014



2hPa

Event of 17 August: air pressure



Port Geographe



Port Geographe



Warnemünde & Warnow



0.7534

Warnow



Numerical simulations

MIKE21 – 2D depth mean; unstructured grid
Forcing by propagating pressure jump, no wind



Meteotsunamis generated by moving pressure jumps with different  
speeds. 
Pressure jump= 3hPa. Pressure jump wavelength = 40 km.

Idealised simulations



Travelling Different Speed Pressure Jump in different directions 
with magnitude of 3 hPa

Dir=0-90, 
V= 16 – 36 ms-1

Sensitivity to the Pressure jump 
propagation speed and direction



Fremantle

Bunbury

Busselton

WL = 40 km WL = 80 km

Idealised simulations



Can we predict them ?

Coupled Atmosphere ocean model

Ocean model : OK
Atmospheric model ??

Need to predict pressure jump, travel speed 
& direction, location



coastaloceanography.org

Predictions



Summary

• Meteo-tsunamis are a regular occurrence along south-west Australian 
coastline. A ‘HOT-SPOT’ ?

• Max. amplitudes of 1 m have been measured, higher than seismic tsunamis 
and storm surges

• Contributed to the highest water level in 115 years at Fremantle in June 2012

• Occurs during thunderstorms, cold fronts and tropical cyclones

• Generating Mechanism: Proudman/Greenspan resonance enhanced by 
shoaling across the continental slope/shelf 

• In the south-west pressure jumps travelling at 10-20 ms-1 from compass 
direction 345o-355o with a wavelength ~40 km creates the largest wave 
heights
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