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HIGH CONFIDENCE

The proportion of intense tropical 
cyclones (Category 4ς5) and peak 
wind speeds of the most intense 
tropical cyclones are projected to 
increase at the global scale with 
increasing global warming.



Source: www.offshorevisie.nl/

Ocean waves are a 
main design 

parameter for 
offshore and 

coastal structures





The American 
Petroleum Institute 
(API) has provided 
recommendation 

for metocean 
conditions since 
1969, with wave 
data since 1976

Basedon
historical
events



??

Timeline for API guidelines in relation to events damaging oil rigs in the US Gulf of Mexico
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Global wave climate 
characterization

(COWCLIP)

ü ¦ǎŜ ƻŦ D/aΩǎ ǿƛƴŘǎ
Å Underestimation of 

maximum wind speeds
Å Underestimation of the 

number of TCs
ü Low resolution for coastal 

areas and enclosed seas



Reanalysis
NCEP/ERA5/CERA20



GCMs
GFDL CM3
HADGEM2-ES
MIROC5
IPSL-CM5A-LR
MPI-ESM-MR
CCSM-v4 





~65000 simulations 
in 5 days

Period Type Model GoM

NCEP 4207

ERA5 5082

MERRA2 4139

CERA20C 4797

HADGEM6 3557

GFDL6 4354

IPSL6 2587

MIROC6 4640

MPI6 6279

CESM2 4306

HADGEM6 2015

GFDL6 4032

IPSL6 1674

MIROC6 4149

MPI6 6019

CESM2 3360

65197Total events

Present 

climate

Reanalysis

GCM

Future 

climate 

SSP585

GCM
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Numberof events

Period Type Model Total Simulated Missing

NCEP 10075 10075 0

ERA5 10075 10075 0

MERRA2 10075 10002 73

CERA20C 10075 10075 0

HADGEM6 10070 10006 64

GFDL6 10060 10060 0

IPSL6 10068 9752 316

MIROC6 10074 10074 0

MPI6 10065 7796 2269

CESM2 10075 9568 507

HADGEM6 10074 10074 0

GFDL6 10064 6897 3167

IPSL6 10075 8303 1772

MIROC6 10074 10073 1

MPI6 10069 10069 0

CESM2 10073 9921 152

161141 152820 8321Total events

Reanalysis

GCM

Future 

climate 

SSP585

GCM

Present 

climate

Goal:  ~10K per model



Maximumwindspeeds(Presentand Future climates)

Hur. 1-2 Hur. 3-5Tormtrop



MIKE 21 

SW

Wind fields
(NCEP, GCMS 

Present +  SSP5 8.5)

Bathymetry/Mesh Maximum envelopes (Hs, Tp) and 

Hs associated values (Tp, Dir)

Source: NASA 

SyntheticTCsdatabase

Presentclimate:
3 Reanalysis+ 6 GCMs(GFDL 

CM3, HADGEM2-ES, 
MIROC5, IPSL-CM5A-LR, MPI-

ESM-MR, CCSM-v4)
Future climate:

6 GCMs ς SSP5 8.5 Recommendations for wave 

design parameters

Methodology
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