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In this seminar we will talk about Storm Models and their
applications in the field of Ocean Engineering. Specifically, 
we will discuss about:

• what do they are;

• how to use them for applications in the context of wave
energy ;

• how they can be used for long term analysis of wind speed.
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Potential applications of storm models in the field of 
Ocean engineering
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(Boccotti, 1987;2000;2014)

(Fedele and Arena, 2010)

(Laface and Arena, 2016)

(Laface et al., 2019)
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Actual storm sequence (events represented by blu dots) at a given site
(named Actual sea) is replaced by an equivalent storm sequence (red
line) (Equivalent Sea), keeping the same wave rysk.

This is possible for two reasons:
• Each actual storm and associated equivalent storm are statistically

equivalent;
• P(Hs>h) of actual storm sequence and ETS sequence are the same.

BASIC CONCEPT BEHIND STORM MODELS
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ANALYTICAL SOLUTION OF THE RETURN PERIOD
OF A STORM WITH GIVEN CHARACTERISTICS ARE
DEVELOPED, BASING ON THE SIMPLIFIED STORM
SHAPE :

• Return period R(Hs>h) of a storm whose maximum Hs
exceeds the threshold h; (coastal structures)

• Return period R(H) of a storm whose maximum wave
exceeds the threshold H. (offshore structures)
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RETURN PERIOD R(Hs>h)
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RETURN PERIOD R(H)

Long time interval

Number of storm during τ whose maximum wave exceeds H

𝑁 𝐻; 𝜏 = 𝑁(𝜏) ∫ ∫ ∫ ∫ 𝑝  𝑝(𝑏|𝑎)




ஶ



ஶ



ஶ



ஶ

ு

ଵ

ത்()
𝑝 𝑥; 𝐻௦ = ℎ ȉ 𝑃 𝐻௫ < 𝑥; 𝑎, 𝑏 / 1 − 𝑃 𝑥; 𝐻௦ = ℎ dbdadhdx

𝑅 𝐻 = න න
1

𝑇ത(ℎ)

ஶ



ஶ

ு

𝑝 𝑥; 𝐻௦ = ℎ න −
𝑑𝑝 𝐻௦ = 𝑎

𝑑𝑎

ஶ



ȉ 𝑒𝑥𝑝
𝑏ത(𝑎) 

𝑎
න

1

𝑇ത(ℎᇱ)
𝑙𝑛 1 − 𝑃 𝑥; 𝐻௦ = ℎ′





𝑑ℎ′ 𝑑𝑎𝑑ℎ𝑑𝑥

ିଵ



Valentina Laface



Valentina Laface

λopt=0.75 less than linear!!
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EES MODEL ADVANTAGES
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TRAPEZOIDAL STORM MODEL
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Return period R(Hs>h) for TS* Model
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Comparison between ETS (Boccotti,2000) and TS* Models
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USE OF STORM MODEL FOR ENERGY ESTIMATIONS:
Storm total energy and energy above fixed threshold
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=2 Laface V., et al., Estimation of downtime and of missed energy
associated with wave energy converters by the Equivalent
Power Storm model, "Energies", n. 8, 2015, pp. 11575-11591,
ISSN: 1996-1073, 8, doi:10.3390/en81011575.
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USE OF STORM MODEL FOR ENERGY ESTIMATIONS:
Average Missed Energy for Given Sequences of Sea Storms 

Total energy above the threshold htr

Number of storms during 𝝉 whose Hs max exceeds htr

Laface V., et al., Estimation of downtime and of missed energy
associated with wave energy converters by the Equivalent
Power Storm model, "Energies", n. 8, 2015, pp. 11575-11591,
ISSN: 1996-1073, 8, doi:10.3390/en81011575.

Average missed energy above the threshold htr
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EQUIVALENT TRIANGULAR STORM MODEL FOR WIND SPEED

From the analysis of wind speed data and a comparative analysis with significant wave height
data it is possible to understand that the nonstationary wind and wave events exhibit similar
charactestics.

In fact, if we consider an Ocean storm, it is characterised by a grow, peak and decay stages.
Similarly, wind storms, present an increase, peak and decay phases in their temporal
evolution.

In analogy to Ocean wave storm, wind storms can be identified from average wind speed
data, as a sequence of wind speed values exceeding a critical threshold, selected as 1.5 times
the average wind speed at the site.

Each value of wind speed represents the average wind speed calculated over a time interval
(of about ten minutes or less) compatible with the stationarity assumption and pertaints to a
wind state characterised by given turbulence intensity TI and turbulence spectrum.

Laface V., and Arena F., 2021. On Correlation between
Wind and Wave Storms. J. Mar. Sci. Eng. 2021, 9, 1426.
https://doi.org/10.3390/jmse9121426.
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EQUIVALENT TRIANGULAR STORM MODEL FOR WIND SPEED

Considering that the time evolution of wind and wave events is ver similar, the same shape
used for wave storm analysis can be adopted for windstorm.

Assuming the same storm shape, that is selected as triangular, the analytical solution for the
calculation of the return period R(Um>U) of a wind storm whose maximum average wind
speed Um exceeds the threshold U, is given by:

The main difficulty in the adptation of ETS model for the wind storm events is to find a way
to calculate the durations b and the base-heigh regression function for triangular wind
storm.triangular wind storm

Base-height regressing function of ETS
for wind storm

Exceedance probability of average
wind speed
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EQUIVALENT TRIANGULAR STORM MODEL FOR WIND SPEED
In the case of ETS for wave storm each b was determined by imposing the equality between
the maximum expected wave heights of actual and storm and ETS, with the Borgman logic.
In the context of wind speed, wind gust is important, that is a significant variation of wind
speed in a time interval of the order of second.
A wind gust G is defined here as amplitude of turbulence process. Thus, if wind turbulence is
a gaussian process, its amplitude G follow a Rayleigh distribution

Further, applying the Borgman approach adopted for wave height, to wind gust G as defined
above, the maximum expected gust G

Mean zero up crossing period, Rice Approach
Kaimal spectrum

Laface V., Romolo a., and Arena F., 2022. STORM MODELS FOR
THE CALCULATION OF EXTREME WIND SPEED, Proceedings of
the ASME 2022 41st International Conference on Ocean, Offshore and
Arctic Engineering OMAE2022 June 5-10, 2022, Hamburg, Germany
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