A Hierarchical Bayesian Spatiodirectional
Model for Wave Heights and Structural

Response

Richard Gibson
November 2011




Motivation

+ Metocean conditions for the
design of offshore structures.

- Wave height and associated
wave periods, currents and
wind speeds.

+  Smooth estimates across a
region.

- Jonathan and Ewans 2011.

* Robust estimates of covariates
such as direction.

+ Use both hindcast and measured
data.

- Estimates of uncertainty for
determining safety factors.



Method

- Extrapolation of structural
response.

- Tromans and
Vanderschuren 1995.

- Bayesian analysis

— Prior distribution determined
from hindcast data.

— Parameters of the extreme
value distribution function of
latitude and longitude.

— Coles and Powell 1996.

— Data at a point from a
hindcast or from
measurements.




Conclusions

Bayesian approach to extreme value analysis of
structural response provides robust estimates of
design values.

— Can incorporate uncertainty in load factor studies.

Possible to use short data sets in conjunction with a
hindcast.

Possible to improve the spatial model.

Interesting to consider using measurements to derive
the prior in order to correct for bias in hindcasts.
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Data Sources and Area of Interest

+ North Sea
- 56° - 62°N
— Oo _ 40E

*  Nextra wave hindcast and
DHI currents.




Method: Structural Response

« Time series of metocean
parameters converted to X
response associated with
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Method: Extreme Value Analysis

+ Peak over threshold

analysis.

— Generalised Pareto
distribution.

« Directional distribution

- Robinson and Tawn
1997.

- Jonathan and Ewans
2007.

+ Long and short term

distributions of loading.
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Associated Criteria

Direction | H (m) | T (s) | C (m/s)
Omni 246 | 16.5 0.52

N 26.6 | 17.2 0.61
NE 23.2 | 16.1 0.44
E 254 | 168 0.33
SE 244 | 165 0.51
S 214 | 154 0.62

SW 20.5 | 15.1 0.55

W 223 | 15.7 0.46 1;
NW 26.1 | 17.0 0.59 \\
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Method: Bayesian analysis

- Bayesian
p(0)p(x|0)
~ Prior distribution. P ) =
B ) = T b Oaie

— Posterior distribution.

- Parameters of the prior
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Shape parameter
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Directional structural response
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Bias and COV
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Conclusions and Further Work

Bayesian approach to extreme value analysis of
structural response provides robust estimates of
design values.

— Can incorporate uncertainty in load factor studies.

Possible to use short data sets in conjunction with a
hindcast.

Possible to improve the spatial model.

Interesting to consider using measurements to derive
the prior in order to correct for bias in hindcasts.
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