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M otiva tion 

 Wave impact on decks of offshore pla tforms has a  big impact on return period of structura l collapse 

 

 Extent of perceived impact is increasing due to:  

 Increased crest heights due to better understanding: 

 spa tia l effect across pla tform area ,  

 non-linearities,  

 maybe climate change effects ... 

 Pla tform subsidence 

 

 For non-evacuated structures can mean pla tform evacuation in severe storms or even shut down completely 

 In the past, simplistic approaches/ assumptions have been used to derive the tota l water levels in extreme storms. 

 Trying to improve the approach …. 
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Over v iew  of  CEVA for  storm  peak  Hs 

 Define an array of seasonal-directiona l bins – typica lly 32 Drc (11.25°) x 24 Ssn (~2 weeks)  

 Select a  storm threshold as a  quantile varying across a ll bins – captures ca lmer directions/ seasons 

 Save from each storm: 

 storm peak 

 storm profile (more of this la ter) 

 For a ll Drc-Ssn bins 

 Select an EVA threshold based on a  quantile, µ 

 Fit the storm occurrence ra te, λ, as a  Poisson process 

 Fit GP shape, σ, and sca le, γ, parameters 

 Varia tion of a ll parameters is by B-splines 

 A smoothing parameter defines how quickly their magnitudes can change 

 Perform a  Monte Carlo ana lysis for storm peaks for RP 

 Identify the la rgest Hs within each storm and assign to a  Drc-Ssn bin 
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Com par ison of  m odelled  and  obser ved  storm  peak s 

  All-Year Omni           Split by Direction        Split by Month 

 

 

 

 

 

 

 

 

 

 

 Observed: da ta  - red dots, 95% UI red dashed lines 

 Model: median – solid black line, 95% UI black dashed lines 
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Def in it ion of  tota l w a ter  level 

Max total water level, TWL =  

 

Instantaneous max wave crest 

+ 

Hourly mean surge 

+ 

Hourly mean tida l level 
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Storm  prof iles 

It is not sufficient to just base the analysis on storm peaks because …. 

 Storms last longer than one sea-sta te so … 

 … largest individual crests may occur during smaller sea  sta tes … 

 … in a  direction sector different to storm peak. 

 

 The TWL may occur a t a  time of   

 … large tide away from peak Hs … 

 … or a t a  time of la rge surge. 

 

 So, need to define rea listic storm profiles to associa te with each storm peak: 

 Want to reflect the variability in characteristics with season, direction and severity of storms 

 

 
September 2017 7   



Copyright of Shell Research Ltd 

Selection of  storm  prof iles for  a  sim ula ted  storm  peak   

 Assume tha t observed storm shapes a re representa tive. 

 

 Put observed “archetype” storm profiles into bins based on their 

peak Hs and assoc Drc, Ssn 
 

 Find distance, D, from any simula ted Hssp, Ssnsp, Drcsp to each bin 

 

𝐷 =
𝐻𝐻𝑠𝑠 − 𝐻𝐻𝑏𝑏𝑏

2

𝛼𝐻𝐻
+

𝑆𝑆𝑆𝑠𝑠 − 𝑆𝑆𝑆𝑏𝑏𝑏
2

𝛼𝑆𝑆𝑆
+

𝐷𝑟𝑟𝑠𝑠 − 𝐷𝑟𝑟𝑏𝑏𝑏
2

𝛼𝐷𝐷𝐷
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Storm  prof iles - w aves 

Storm archetype 

       Hs quantile varying by direction 

    Sta rt and end of storm based on Hs 
     Storm peak Hs 
 

Wave profile use: 

 Simula te a  random storm peak, Hssp, Drcsp, Ssnsp 
 Find the closest bin to this storm peak, by minimising D 

 Randomly select a  wave profile from tha t bin, e.g. profile shown 

 Scale the whole profile so           = Hssp of a  simula ted storm 

 Modify Drc and Ssn to match Drcsp, Ssnsp 

 Modify wave periods, T02,  to keep the same steepness 
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Storm  prof iles - sur ge 

Storm archetype    

    Hs quantile varying by direction 

    Start and end of storm based on Hs 
     Surge characteristic va lues 

    Median surge 

 

 Surge and wave profiles a re selected as a  pa ir from same storm  

 Modify storm surge profile based on rela tionships between peak 

storm Hs and either:  

 Surge max, min and median, or 

 Surge median and range 
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Ex am ple – m ax  storm  sur ge versus Hs 

 Base on: 

 Max storm Hs 
 Max storm surge 

 

 Define an Hs “lock point” as a  quantile 

 

 Derive median va lue of max surge for Hs lock point 

 

 Fit a  slope based on linear regression 

 

 Fit to a ll Drc-Ssn bins in one go using splines to capture 

variability across a rray 
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Storm  sur ge versus Hs – m ax , m in, m ed ian by  d irection 

 

 

 

 

 Storm maximum 

 Storm median 

 Storm minimum 

 

 

 

 

 Each plot shows range of fits from 4 Drc x 24 Ssn bins in each octant  
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Storm  sur ge versus Hs – m ax , m in, m ed ian by  m onth 

 

 

 

 

 Storm maximum 

 Storm median 

 Storm minimum 

 

 

 

 

 Each plot shows range of fits from 32 Drc x 2 Ssn bins in each month  
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Storm  sur ge versus Hs – range by  d irection 

 

 

 

 

 Storm range 

  

 

 

 

 

 

 Each plot shows range of fits from 4 Drc x 24 Ssn bins in each octant  
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Storm  sur ge versus Hs – range by  m onth 

 

 

 

 

  Storm range 

  

 

 

 

 

 

 Each plot shows range of fits from 32 Drc x 2 Ssn bins in each month  
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Storm  sur ge versus Hs sum m ar y  

September 2017 16   
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Com par ison of  obser ved  and  p red icted  storm  sur ge 
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Residua ls betw een obser ved  and  p red icted  storm  sur ge 

       By Direction             By Season 

 

 

 

 

 

 

 

 

 

 

 Residuals a re sampled during Monte Carlo ana lysis 
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Storm  sur ge sca ling  – based  on m in, m ax , m ed ian 
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Smedian 

Smax 

Smin 

Archetype storm Scaled storm profile 

𝑆𝑚𝑚𝑚′ = 𝑓 𝑯𝑯𝒔𝒔,𝐻𝐻𝑙𝑙𝑙𝑙, 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑚𝑚𝑚, 𝑠𝑠𝑠𝑠𝑠𝑚𝑚𝑚 + 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑚𝑚𝑚 

𝑆𝑚𝑒𝑒𝑒𝑒𝑒′ = 𝑓 𝑯𝑯𝒔𝒔,𝐻𝐻𝑙𝑙𝑙𝑙, 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑚𝑚𝑚𝑚𝑚𝑚 , 𝑠𝑠𝑠𝑠𝑠𝑚𝑒𝑒𝑒𝑒𝑒 + 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑚𝑚𝑚𝑚𝑚𝑚 

𝑆𝑚𝑖𝑖′ = 𝑓 𝑯𝑯𝒔𝒔,𝐻𝐻𝑙𝑙𝑙𝑙, 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑚𝑚𝑚 , 𝑠𝑠𝑠𝑠𝑠𝑚𝑖𝑖 + 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑚𝑚𝑚 

𝑠𝑠𝑠𝑠𝑠𝑠𝑠>𝑚𝑚𝑚𝑚𝑚𝑚 =  
𝑆𝑚𝑚𝑚
′ − 𝑆𝑚𝑒𝑒𝑒𝑒𝑒

′

𝑆𝑚𝑚𝑚 − 𝑆𝑚𝑚𝑚𝑚𝑚𝑚
 

𝑠𝑠𝑠𝑠𝑠𝑠𝑠<𝑚𝑚𝑚𝑚𝑚𝑚 =  
𝑆𝑚𝑖𝑖
′ − 𝑆𝑚𝑒𝑒𝑒𝑒𝑒

′

𝑆𝑚𝑚𝑚 − 𝑆𝑚𝑚𝑚𝑚𝑚𝑚
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Storm  sur ge sca ling  – based  on range and  m ed ian 
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Smedian 
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Smin 

Archetype storm Scaled storm profile 

𝑆𝑚𝑒𝑒𝑒𝑒𝑒′ = 𝑓 𝑯𝑯𝒔𝒔,𝐻𝐻𝑙𝑙𝑙𝑙, 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑚𝑚𝑚𝑚𝑚𝑚 , 𝑠𝑠𝑠𝑠𝑠𝑚𝑒𝑒𝑒𝑒𝑒 + 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑚𝑚𝑚𝑚𝑚𝑚 

𝑆𝑚𝑖𝑖′ = 𝑓 𝑯𝑯𝒔𝒔,𝐻𝐻𝑙𝑙𝑙𝑙, 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑟𝑟𝑟𝑟𝑟 , 𝑠𝑠𝑠𝑠𝑠𝑟𝑎𝑎𝑎𝑎 + 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑟𝑟𝑟𝑟𝑟 

Srange 
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Storm  sur ge m odelling  per form ance 

 Based on: 

 Max, min, median 

 Observed da ta  points (grey) 

 

 Comparison of: 

 observed (red) 

 modelled (black) 

 

 Medians (solid) 

 95% UI (dashed) 
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Inclusion of  t ides 

 Sample tide 

 In “deep water” by just a  random selection 

 In sha llow water, tide is sampled from the same storm as the waves, to preserve interactions 
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Sim ula tion w ith in storm s 

 Hssp simula ted with an associa ted Drcsp and Ssnsp using varying Poisson and GP distributions  

 Randomly-selected archetype storm from the “closest” bin 

 Re-sca le: 

 entire storm profile Hs to match the peak to Hssp, Drcsp and Ssnsp  
 wave periods sca led to mainta in wave steepnesses 

 surge history using the selected method 

 Add tide (or re-using tide, if a  sha llow-water loca tion) 

 Calcula te tota l water depth for every sea  sta te as tide + surge + water depth 
 Randomly sample 𝐶𝑚𝑚𝑚 from each sea  sta te using Forrista ll distribution based on tota l water depth  

 Calcula te the maximum TWL from every sea-sta te within the storm as: 𝐶𝑚𝑚𝑚 + surge + tide 

 For each storm, max va lue of TWL is saved for every Drc-Ssn bin impacted by storm 
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Return per iod  sim ula tion 

Use Monte Carlo approach to simulate all storms in a RP of interest multiple times: 

 

 Fit Poisson and GP models to B bootstraps of the origina l da ta  

 Make R rea lisa tions of the full return period of interest for each bootstrap 

 Produces B x R simula tions 

 Save la rgest va lues TWL for every Drc-Ssn bin 

 Produce CDFs for the maxima for RP of interest in each Drc and Ssn bin 

 RV for each bin is taken as the most-probable va lue ~exp(-1) 

 Other percentiles, can a lso be captured, e.g. 95% UI 
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10 ,000-y ear  return va lues ranges 

 Based on ranked storm maxima from a ll simula tions 

 The more simula tions, the smoother the lines 

 This example based on 300 simula tions 

 The spread reflects uncerta inties …. 
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Uncer ta inty  

 The na tura l randomness (a lea tory uncerta inty) 

 Sampling storm peaks multiple times from the fitted model 

 Sampling storm profiles 

 Sampling wave height and crests 

 Re-sca ling surge histories from the residuals of the fitted distribution 

 (Sampling tide randomly) 

 

 Uncerta inty in model based on finite sample and modelling assumptions (epistemic uncerta inty) 

 EVA threshold  

 Bootstrapping the origina l da ta  multiple times 

 

 Aleatory uncerta inty dominates the confidence interva l range within CEVA. 
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Results 

Wave crest directional return values    TEWL directional return values     SWL directional return values 

 

 

 

 

 

Wave crest monthly return values        TEWL monthly return values         SWL monthly return values 
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1 10 50 100 1000 10000
N 4.7 6.6 7.7 8.1 9.5 10.6

NE 3.8 5.8 6.9 7.3 8.5 9.8
E 3.6 5.4 6.5 6.8 8.2 9.2
SE 3.9 5.5 6.3 6.7 7.7 8.7
S 5.0 6.5 7.3 7.6 8.7 9.5

SW 4.9 6.3 7.1 7.5 8.4 9.4
W 4.9 6.6 7.4 7.8 8.9 9.9

NW 4.9 6.8 7.7 8.0 9.1 10.3
Omni 6.2 7.6 8.4 8.8 10.0 11.0

Return Period [years]Crest
1 10 50 100 1000 10000

N 5.7 7.7 8.9 9.3 10.7 11.9
NE 4.7 6.7 7.9 8.3 9.6 10.8
E 4.4 6.1 7.2 7.5 8.8 10.1
SE 4.5 6.1 6.9 7.3 8.4 9.4
S 5.5 7.0 7.8 8.1 9.1 10.1

SW 5.6 7.0 7.8 8.2 9.1 10.1
W 5.9 7.5 8.5 8.8 10.0 11.1

NW 6.1 8.0 9.0 9.5 10.7 11.7
Omni 7.0 8.7 9.6 9.9 11.3 12.4

Return Period [years]TEWL
1 10 50 100 1000 10000

N 0.9 1.1 1.2 1.2 1.1 1.3
NE 0.9 0.9 1.0 1.0 1.1 1.0
E 0.8 0.7 0.7 0.7 0.7 0.9
SE 0.6 0.6 0.6 0.6 0.7 0.7
S 0.5 0.5 0.5 0.6 0.5 0.5

SW 0.7 0.6 0.7 0.7 0.7 0.8
W 1.0 0.9 1.1 1.0 1.1 1.2

NW 1.2 1.2 1.3 1.4 1.6 1.4
Omni 0.8 1.1 1.2 1.1 1.3 1.4

Return Period [years]Implied SWL

1 10 50 100 1000 10000
Jan 4.8 6.6 7.5 7.9 9.0 9.9
Feb 4.2 6.0 6.9 7.3 8.4 9.4
Mar 3.7 5.4 6.6 7.0 8.5 9.7
Apr 3.4 5.2 6.3 6.8 8.1 9.7
May 2.9 4.6 5.7 6.2 7.2 8.3
Jun 2.6 4.4 5.4 5.8 7.1 8.1
Jul 2.7 4.3 5.5 5.9 7.2 8.1
Aug 3.0 4.7 5.8 6.2 7.3 8.2
Sep 3.4 5.3 6.3 6.6 7.7 8.6
Oct 4.1 6.1 7.1 7.5 8.8 10.0
Nov 4.6 6.6 7.6 7.9 9.1 10.0
Dec 5.1 6.8 7.6 8.0 9.1 10.1

All Year 6.2 7.6 8.4 8.8 10.0 11.0

Crest Return Period [years]

1 10 50 100 1000 10000
Jan 5.6 7.4 8.4 8.7 10.0 10.8
Feb 4.9 6.7 7.9 8.3 9.4 10.4
Mar 4.6 6.3 7.5 7.9 9.2 10.6
Apr 4.4 6.0 7.1 7.6 9.0 10.4
May 3.7 5.4 6.6 7.0 8.0 9.1
Jun 3.6 5.2 6.3 6.8 8.1 9.1
Jul 3.7 5.4 6.6 7.0 8.3 9.3
Aug 4.1 5.8 6.9 7.2 8.4 9.4
Sep 4.4 6.6 7.4 7.8 9.0 9.9
Oct 5.2 7.3 8.4 8.9 10.2 11.3
Nov 5.5 7.7 8.8 9.2 10.5 11.5
Dec 5.8 7.7 8.6 9.0 10.2 11.3

All Year 7.0 8.7 9.6 9.9 11.3 12.4

TEWL Return Period [years]
1 10 50 100 1000 10000

Jan 0.9 0.8 0.9 0.8 1.0 0.9
Feb 0.8 0.8 1.0 1.0 1.0 1.0
Mar 0.9 0.9 0.9 0.9 0.8 0.9
Apr 0.9 0.8 0.8 0.7 1.0 0.7
May 0.9 0.8 0.9 0.8 0.8 0.8
Jun 1.0 0.8 0.9 1.0 1.0 1.0
Jul 1.0 1.0 1.1 1.1 1.1 1.1

Aug 1.1 1.1 1.1 1.1 1.1 1.2
Sep 1.0 1.2 1.1 1.2 1.2 1.3
Oct 1.1 1.3 1.3 1.4 1.3 1.3
Nov 0.9 1.1 1.3 1.3 1.4 1.5
Dec 0.7 0.9 1.0 1.1 1.1 1.2

All Year 0.8 1.1 1.2 1.1 1.3 1.4

Return Period [years]Implied SWL
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Sum m ar y  

 Described a  process to derive TEWL using the CEVA approach. 

 Storm peak modelling based on spline-smoothed: thresholds, Poisson ra tes, GP parameters. 

 Wave storm profiles a re sampled and sca led to match peaks of simula ted storms. 

 Associa ted storm surge profiles re-sca led using linear regressions and residuals. 

 Addition of random or associa ted tides, depending on water depth. 

 Monte Carlo simula tion is used based on multiple bootstraps and rea lisa tions 

 

 Still under development: 

 Better sca le storm characteristics to very la rge storms, e.g. storm length 

 Use of Heffernan & Tawn conditiona l extremes approach to extrapola te surge characteristics to higher Hs 

 Increasing use of Numerica l Integra tion (ra ther than Monte Carlo approach) 

 Incorpora tion of more recent wave crest probability distributions 
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