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Frequency amplification of extreme sea levels
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• GESLA3 tide gauge data
• Peak-over-threshold analysis
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Frequency amplification of extreme sea levels

9

• GESLA3 tide gauge data
• Peak-over-threshold analysis

Amplification factor ≈ 37
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Frequency amplification of extreme sea levels
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e.g., IPCC AR6



Relevance of the historical centennial event?
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• Estimated protection standards FLOPROS (Tiggeloven et al., 2020)

Historical centennial event
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Relevance of the historical centennial event?
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• Estimated protection standards FLOPROS (Tiggeloven et al., 2020)
• Amplification factor → Decrease in degree of protection

Protection standard

Return curve in 2100



“When?” instead of “How much”?
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How much more frequently exceeded in 2100?

When N times as frequently exceeded?

1 m SLR Return curve in 2100

→

Protection standard
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How much more frequently exceeded in 2100?

When N times as frequently exceeded?

SLR? Return curve in ?
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Sea-level rise ‘required’ for protection decreases

• Larger where extremes are more variable (steeper curves)
• Uncertainty from extreme value analysis
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(a) x10 decrease (b) x100 decrease

~90% of locations require 0.5m or less (Esbjerg: 0.64 m)



Timing of protection decreases

• Using relative sea-level projections from IPCC AR6
• Uncertainty propagation
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(a) x10 decrease (b) x100 decrease(a) x10 decrease (b) x100 decrease



Timing of protection decreases

• Using relative sea-level projections from IPCC AR6
• Uncertainty propagation
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(a) x10 decrease (b) x100 decrease

within next 30 years at ~28% (Esbjerg in 2112)



Available adapation time
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• Available adaptation time decreases as sea-level rise accelerates

Increasingly less time before decreases in protection
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x100 decrease in degree of protection

x10 decrease in degree of protection

Adaptation to restore 
flood protection standard 

to 0.001 yr-1

(current protection standard)

Time before 0.001 yr-1 event 
will have a return frequency 

of  0.1 yr-1

Time before 0.001 yr-1 event 
will have a return frequency 

of  0.1 yr-1

Time before 0.001 yr-1 event 
will have a return frequency 

of  0.01 yr-1



Summary

Hermans et al. (2023), The timing of decreasing coastal flood protection due to sea-level rise. Nat. Clim. Chang. 13, 359–366.
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• Revisited frequency amplification of extreme sea levels

• Provides adaptation planners information on
useful lifetime & available lead times

• Further research could:
• incorporate dynamic changes in extremes
• project timing at ungauged locations
• apply the method locally



Back-up
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