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HOW CAN WAVE RESOURCE MODELING
BE IMPROVED TO PROVIDE REALISTIC,
REPRESENTATIVE WAVE TIME SERIES?




Time Series Generation Methods

Random-phase Method Random-amplitude Method
M/2 M/2
Ne, = z Ay cos(2m fit; +|px) Ne, = COS(Zﬂfkti +
k=1 k=1

Ay = 25(F)bf
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How many time series are needed to sufficiently
represent key wave height percentiles?
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Current International Electrotechnical
Commission Guidelines

e Three-hour time series

® 6 instances for each wave condition
considered

e Ten-minute time series

e 6 instances for each wave condition
considered



Previous Literature

Assessing wave variation in finite durations and effects on WEC
power variation

Wave variation

eTucker et al. (1984) e Mérigaud & Ringwood (2018)
eSaulnier et al. (2011) e Mankle et al. (2023)

Wave Investigating number of time series required for adequate
represe ntation extreme wave representation

e Tabeshpour & Belvasi (2023) found 50 time series required for extreme
wave representation

e Study limitation:
e maximum wave height metric
e Random-phase method




Methodology
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Stopping criteria
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Cumulative Wave Height Percentile Convergence
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SIGNIFICANT WAVE HEIGHT DISTRIBUTION
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Input Wave Conditions:
Hs=4.5m
Tp=10s

50-wave signal = 8.3-minute duration time series
500-wave signal = 83-minute duration time series

Random Amplitude Method

Time series duration

Wave height
percentile

50

83 minutes
9

8.3 minutes
31

Mean number of time

series for each wave 75 30 36 14 12
height percentile 90 43 34 20 16
95 53 40 18 20

99 128 20 33

Total simulated time required

83-min time series
12.5 12.5
19.4 16.7
27.7 22.2
24.8 27.8
27.7 45.8

8.3-min time series
4.5 4.3
4.2 5
4.7
5.5
17.8




Input Wave Conditions:
Hs=4.5m
Tp=10s

50-wave signal = 8.3-minute duration time series
500-wave signal = 83-minute duration time series

Random Phase Method

Total simulated time required

Wave height Number of time series
percentile 8.3 min duration 83 min dure

8.3-min time series 83-min time series

e ey e 50 26 12 8 8 35 1.6 10.6  10.6
series for each wave 75 15 13 8 8 2 1.8 10.6 10.6
height percentile 90 25 22 12 16 3.3 3.1 16 99,3
95 28 27 15 16 3.7 20 22.2

99 49 71 23 36

9.9 50



Random Amplitude Method

Wave height Total simulated time required
percentile

8.3-min time series 83-min time series
50 4.5 4.3 12.5 12.5
75 4.2 5 19.4 16.7
90 6 4.7 27.7 22.2
95 7.4 55 24.84 27.8
99 19.8 17.8 27.7 45.8

Random Phase Method

Wave height Total simulated time required
percentile

8.3-min time series 83-min time series
50 3.5 1.6 10.6 10.6
75 2 1.8 10.6 10.6
90 3.3 3.1 16 22.2

95 3.9 3.7 20 22.2
99 6.9 9.9 30.6 50




Contributions

e Shorter duration time series show an increase in wave variability
using the random amplitude method

* Wave height percentile representation using shorter-duration time
series will decrease computational time
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Thank you!
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