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Motivation 

Tides Seasonality 

Mean sea level 
Surges 

Merrifield et al (2013) 

Contributions to extreme sea levels 



Motivation 

Increase in extreme sea levels are 
mostly the result of rise in mean sea 
level 

Trends in 99th percentiles of sea level 
(top) and reduced to their annual median 
(bottom) 

Menéndez and Woodworth (2010) 

Changes in extremes 



 Parametric (adjusting a distribution with temporally 
changing parameters) 

 Non-parametric (e.g. using time windows and 
adjust a distribution) 

 All rely in Maximum Likelihood Estimations… which 
does not always converge 

How to detect changes/trends in extreme sea levels? 

Changes in 100-years return levels at tide gauge stations 
Wahl and Chambers (2015) 



Outline 

Sea level data set and data processing 
 
Methodology: state space models for extreme 
occurrence and for extreme intensitity 
 
Changes in extreme intensities  
 
Changes in extreme occurrences 
 
Large scale coherency 
 
Conclusions 



Visual quality control 

675 stations 
(GESLA+UHSLC) 

L>50 yrs and 70% 
completeness 

~123 stations 

Removal of tides, 
seasonal cycle  and 

MSL 

Sea level data set and processing 



77 tide gauge stations unevenly distributed 

Sea level data set and processing 



Intensity of extremes (5 events 
per year) 

Frequency of extremes (events 
exceeding the 99th, 99.5th and 

99.9th percentiles) 

Sea level data set and processing 



Methodology: state space approach 

Sequence of observations from time 1 to N 

Sequence of unobserved (hidden) states 

State Equation 

Observation Equation 



Methodology: state space approach 

 No assumptions are made regarding the temporal 
variability of the observations  

 Uneven data sampling and gaps in the time series are 
allowed 

Advantages 



Changes in extreme intensity 

…for selected sites 
 
 
 
Extreme sea levels and time 
varying location parameter 
and return level 



Changes in extreme occurrence 

…for selected sites 
 
 
 
99th percentile 
99,5th percentile 
99,9th percentile 



Changes in extremes do not generally follow a linear behaviour 

Changes in intensity and occurrence follow the same patterns 

Changes in extremes are regionally coherent 

Large scale coherency 



Large scale climate drivers 

Correlations between 
climate indices and 
50-years return 
levels 



Large scale climate drivers 

Sea level extremes in Marseille and New York and their 
relationship with the NAO 



Conclusions 

• A careful and detailed quality control is important for 
any extreme sea level study. 
 

• Long term changes in extremes (and uncertainties) 
are robustly estimated using SSM, even when time 
series are uneven and gappy. 
 

• Changes in extreme intensity and frequency at 
decadal time scales vary accordingly. 
 

• Changes in extremes at decadal time scales are 
geographically consistent, suggesting a relationship 
with large scale climate drivers. 



All the details can be found at: 
Marcos et al. (2015) Long-term variations 
in global sea level extremes. JGR-Oceans 
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