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Talk Structure 

1.  Motivations for the research 

2.  Analyses of long-term UK 10m windspeed observations 

3.  Modelling the impact of sea breeze circulations on offshore wind 
power around the UK 

4.  Where next with the research? 
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UK wind climate 

!  The UK’s weather is one of the 
most variable on earth, situated 
to the west of the world's largest 
land mass, at the end point of a 
major mid-latitude storm track 

!  Maritime climate, long coastline   

!  Large regional variability 
governed by latitude, altitude 
and exposure to the Atlantic 
Ocean 

NOAA-15 
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Motivation 

 

o  40 UK Met Office monitoring 
sites across the UK – from 
the BADC MIDAS database 

o  Hourly mean (HM) 10m 
winds, along with daily 
maximum 3 second gust 
speeds 

o  1980-2010 with continuous 
and complete (over 95%) 
data 

o  Extensive quality control 

Hewston and Dorling (2011) - Journal of Wind Eng. Ind. Aerodyn. 99, 845-856. 
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Motivation 

Wind energy:The EU has 
targeted 20% of electricity 
production to be generated from 
renewable sources by 2020 
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Motivation 

!  Sea breezes can form along any 
coastline where there is a land-sea 
thermal contrast 

!  The sea-ward extent is largely 
understudied 

!  Sea breezes influence air quality, 
tourism and aviation industries. 

!  Studies tend to focus on ”pure” 
types and pay little attention to 
others 

!  How well are sea breezes 
represented in models? 

!  To what extent will sea breezes 
influence wind farm output?     
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UK Mean Windspeed 

!  The network annual (5-year 
running) mean windspeed 
ranges from 4.4 - 5.4 ms-1 
(4.8 - 5.1 ms-1) 

!  Peaks in the early 1980s and 
early 1990s, with a decline 
since - significant year to 
year variation 

!  2010 lowest mean windspeed 

!  Very high NAO during early 
1990s winters but no early 
1980s peak 

Unprecedented N. Atlantic storminess in the early 1990s: Wang et al. (2009)!!

1980                  1990                  2000                 2010 

  Winter NAO index (DJFM)  

                UK Network Average Mean windspeed  
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Wind Variability 

!  HM all-network wind 
direction spread 

!  1986 revealing a much 
more pronounced 
tendency for south-
westerly winds 

!  Following year (1987) 
and lowest mean year 
(2010) more evenly 
distributed wind direction 

!  31-year UK wind 
direction SW 39.8% 

!  Easterly component 
38.1% 

1986 

1980-2010 2010 

1987 
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Wind Energy Implications 

!  PPO ranges from -20% to 
+16% around the average 

!  Large year to year 
variability - PPO in 1987 
was just 73% of that in 
1986 

Potential Power Output 

Energy Density 
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Earl, Dorling et al (Submitted) – Climatic Change 

Air density 

Wind speed 

Converting HM windspeed to Potential 
Power Output (PPO) - 3.6MW Turbine 
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Useable band-width 3-25ms-1 

PPO, using a synthetic network of turbines, 
is more representative of the capability we 

have of harnessing wind energy today 

10m winds adjusted to the 
typical hub height of 100m 

using the power law 
approximation 

Power kW 
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Modelling Sea Breezes 

Parameter Sensitivity test 

Horizontal resolution 2, 3, 4, 8, 16, 32km 

Model Top 20, 15, 10, 7.5km 

Planetary Boundary 
Layer (PBL) scheme 

YSU, ACM2, MYJ 
QNSE, MYNN 

Initial profile  Idealized, Observed 

Wind direction Offshore, onshore, 
shore parallel 

Wind speed 0, 2, 4, 6, 8, 10ms-1 

Coriolis 0, 1.5 x 10-4s-1 
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19:00 
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What next? 
1.  Maintain the windspeed database 

and update the trends 

2.  Use results from idealized model 
experiments to determine the 
best model set up for real sea 
breeze events 

3.  Quantify the impact of the sea 
breeze on offshore wind power 
over whole sea breeze seasons 

    Difference in power output over a 
month between coarse and fine 
model resolution simulations 
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Any questions? 
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