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• What is the impact of climate change 

scenarios on the wave energy resource 

at Wave Hub?

• What is the statistical significance of 

such changes?

General Objectives



• Assessment of changes in:

- Average power generation

- Idle time

- Downtime/Maintenance windows 

• Impact on wave device design

Focus on device 
developers/ operators:



Modelling Approach
• Comparison of “time-slices”

- present (control): 1961-2000
vs

- future (scenario): 2061-2100

• Winds: Climate Change Experiments  
(Max-Planck-Institute for Meteorology)

- ECHAM5 – Global Climate Model
- CLM – Regional Climate Model

• IPCC Scenarios: 
- B1 - low emissions
- A1B - medium-high emissions
- A2 - high emissions

WAVEWATCH III

WAVE FIELDS

WIND FIELDS
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Bathymetry: 
- ETOPO01 at ~0.016º (NGDC, 2008)      

Wave hindcast from each wind forcing results in one time slice of a wave 
climate, i.e. a 40-year time-series of 3-hourly wave conditions (Hs, Tm, θ) at 
each grid point.

WW3 Model Set-up





Compare control and scenario with respect to: 

• Field statistics – (every domain grid point)
- mean Hs

- 99-percentile of Hs

• Joint statistics – (only at Wave Hub)
- discretised Hs -Tm bins (for power matrix)
- idle time
-average power generation
-downtime/ maintenance windows

Statistical Analysis



Wilcoxon rank-sum hypothesis test
(95% confidence interval)
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Results 



Mean Hs
GCM- RCM B1 GCM -RCM A1B GCM A2

• Winter (Dec – Feb) : increases over the Northern domain (up to 10%), 
decrease over the Southern (up to 5%) 
• Summer (Jun – Aug) : general decrease (8-11%)



Hs-Tm Joint 
Distribution

What is the effect on 
wave device output?

Pelamis power matrix

Source: http://www.pelamiswave.com
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Idle Time

Changes in idle time

 

Yearly 
(Jan – Dec) 

Summer 
(Jun – Aug) 

Winter 
(Dec– Feb) 

Idle Time 
(%) P-value Idle Time 

(%) P-value Idle Time 
(%) P-value 

Control Average 5.80  9.46  3.52  

Mean Difference 
(B1 minus Control) 1.07 0.0029 2.47 0.0155 -0.22 0.6579 

Mean Difference 
(A1B minus Control) 1.20 0.0078 1.78 0.2308 0.48 0.3334 

 



Average Power Generation

Changes in average power generation
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Yearly 
(Jan – Dec) 

Summer 
(Jun – Aug) 

Winter 
(Dec– Feb) 

Power 
Output 
(GWh) 

P-value Power 
Output 
(GWh) 

P-value Power 
Output 
(GWh) 

P-value 

Control Average 1.9000  0.2471  0.5232  

Mean Difference 
(B1 minus Control) -0.0403 0.1807 -0.0374 0.0002 0.0144 0.5348 

Mean Difference 
(A1B minus 

Control) 
-0.0410 0.3944 -0.0402 0.0002 0.0463 0.0613 

 



Downtime (Low) Definition
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Mean Value=1.152d Mean Value=2.421d

Histogram of Downtime (Control - 40 years)
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Q-Q plot of probability distribution of down 
time between control and future scenarios



Conclusions at Wave Hub

• Future increase in mean and extreme Hs in winter

• Future decrease in mean Hs in summer

• Future increase in idle time and decrease in average  
power generation for Pelamis wave device in summer

• Future increase in downtime (low)



Summary for 
developers/ operators

Have demonstrated: 
i. method for modeling wave resource at Wave Hub
ii. likely impact of climate change scenarios on this 

resource
iii. how to estimate changes of idle time and power output 

of devices
iv. patterns of changes in statistics of downtime 

The method can be applied at other sites and for other 
devices!!



Thank you!
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