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Extreme tropical cyclones cased catastrophic damages 

Vanuatu/Fiji

Pam 2015/Winston 2016

Japan

Jebi 2018

US
Katrina 2005

Philippines
Haiyan 2013
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and Sea-level is rising

3

+0.158 m 

SLR in the 21st century: Virtually certain

IPCC AR6 WGI Chapter 9 Figure SPM.8 (baseline period: Y1900）
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Extreme Coastal Water Level projection is important for coastal zones

ECWL = Mean sea-level + Strom Surge and Waves

IPCC SROCC (2019) Ch.4
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Extreme Coastal Water Level projection is important for coastal zones

IPCC SROCC (2019) Ch.4
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Osaka is protected three storm surge gates
Cost: 1.3 billion USD

大阪府提供

Constructed in 70’s
↓
Need to replace soon
↓
Life time will be 60-70 years
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New storm surge gates considering ECWL 
in Osaka, Japan started construction

現況写真・完成イメージ（大阪府提供）
Current New

Future changes in EWCL by SLR and 
typhoon are implemented
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Ocean extreme climate projection is important for 
a real adaptation in coastal zone
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Mori and Shimura (2023) Cambridge Prisms
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Technology for the ocean extreme 
weather event will save our life
for the East/Southeast Asia, SIDS
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