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Improving present-day estimates 
of extreme sea levels with the 
Global Tide and Surge Model
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Need for return 
periods to 

estimate flood 
risk and 

adaptation
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Global Tide and Surge Model

Depth-averaged hydrodynamic model

Delft3D Flexible Mesh

2.5/1.25 km resolution at the coast

Applications

Operational forecasting

Reanalysis of historical extremes 

Future climate projections

Providing input data to coastal flood risk 

assessmentshttps://www.deltares.nl/en/projects/global-modelling-of-

tides-and-storm-surges/



Present-day return periods derived from GTSM
An overview
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GTSMip 
dataset  

(Muis et al., 
2023)

• Model: GTSM3.0 

• Historical : ERA + MSL

• Future: 5 HighResMIP models

• EVA: POT

COAST-RP 
dataset 

(Dullaart et 
al., 2022)

• Model GTSM3.0

• Historical: 

• ETC → ERA5

• TCS → STORM

• Future: -

• EVA: Empirical

CoDEC 
dataset 

(Muis et al., 
2020)

• Model: GTSM3.0 

• Historical: ERA5

• Future: CMIP5

• GEV: AMAX

GTSR 
dataset 

(Muis et al., 
2016)

Model: GTSM2.0 + FES 
historical: ERA-Interim

GEV: AMAX
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GTSM-ERA5 extension from 42 to 74 years of data 
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ERA5 backward 
extension (1950-

1978)

ERA5 (1979-
present)

Bell et al. (2021)



Historical extremes that were previsouly not recorded
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Aleksandrova et al. (in review) 



Longer records allow for updated estimates of return levels
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Aleksandrova et al. (in review) 

In most places: higher return levels

In most places:  smaller confidence bounds



Longer records allow for better 
evaluation of climate variability

8 Apolola et al. (in prep.) ENA

Muis et al. (2018) 

ENSO



Openly available at the C3S Climate Data Store

• Timeseries from 1950-2023
− Mean sea level

− Tides

− Storm surges

− Total water level
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https://doi.org/10.24381/cds.6edf04e0



Limitations of ERA5 for extreme value analysis
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Unprecedented 
events

Small sample

EVA assumes 
stationarity

Large 
interannual 
variability



For tropical cyclones, we can use synthetic tracks

Bloemendaal et al. (2021) STORM   Dullaart et al., (2022) COAST-RP
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IBTRCS 38 years of dataSTORM 10.000 years of data



Extra-tropical regions require different approach

• Pooling from SEAS5 seasonal forecast ensemble

• SEAS5 archive provides ~7,000 years of data
− Re-forecasts :1981–2016, 25 ensemble members.

− Forecast: 2017 to present, 51 ensemble members

− Initialized monthly, have a 7-month length, 

− 6-hourly temporal resolution with a 36 km horizontal resolution
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Independent

• Poor skill beyond lead time of 1 
month in mid-latitude regions
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Benito et al. (2025)  



Unbiased

Bootstrapping to test if the mean 
of the monthly minimum sea level 
pressure is significantly different
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Benito et al. (2025)  



525-year GTSM simulations forced with SEAS5
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Benito et al. (2025) 

SEAS5      Minus ERA5

1 in 500-year return level



Example for selected cities
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Benito et al. (2025)



Conclusions
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GTSM-ERA5 dataset is extended 
backwards and updated to 2023, 
longer records open up new 
possibilities to analyze historical events 
and variability

GTSM-SEAS5 dataset is based on 
pooling of seasonal forecast ensemble, 
allows for analysis of low-probability 
return levels and unprecedented 
events
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