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Why is mesoscale variability important to wind energy?
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Why is mesoscale variability important to wind energy?

  

Mesoscale 
variability

Site specific

Time scales of tens 
of minutes to hours

Occurs both onshore 
and offshore

Undermines 
predictability of the wind Affects estimates 

of AEP

Decreases value 
of produced power

May lead to correlated 
fluctuations over groups of 

turbines

Fluctuations up ≠ 
fluctuations down due to 
non-linear power curve



Outline

• Resolution and resource assessment onshore

• Mesoscale variability offshore

• Resolution and physics of mesoscale models offshore

• Power systems and control: spatial correlation offshore

• Conclusions
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Importance of resolution 
Wind resource (power density) calculated at different resolutions 

10 km 5 km 

2.5 km 0.1 km - 
MICRO 

50 km 

50 km
 

324 W/m2 

378 W/m2 
328 W/m2 

378 W/m2 

323 W/m2 

378 W/m2 
505 W/m2 

641 W/m2 

mean power density of total area  
mean power density for windiest 50% of area Jake Badger 

Risø 



The Horns Rev wind farm
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*Thank you to Dong Energy and Vattenfall for making Horns Rev met mast observations available



Mesoscale variability over the North Sea



Mesoscale variability over the North Sea



Motivation - I

- wind speed at 62 m met mast
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Motivation - I

- wind speed at 62 m met mast

- wind speeds at 70 m turbine hubs

- aggregate power from 68 turbines



Mesoscale variability and large wind fluctuations
72 Classification of severe wind variability days

Figure 5.16: Top left: SAR image of horizontal wind speed, 0957 UTC, 6th November 2007.
Top right: Visual satellite picture, 1015 UTC 6th November 2007. Bottom: Time series of
wind speed at 70 m (lines) and wind direction at 68 m (arrows) from Horns Rev M7, 0000
UTC - 2400 UTC, 6th November 2007.

Like any classification system, the SOMs classification has some limitations relating to the
boundaries of the categories, and to the number of categories. There will always be cases
which do not fall cleanly into any category, and these cases will be placed in the best fitting
category by the algorithm. No attempt to neglect these poorly fitting days was made,
although it is possible that this would improve the analysis. As already discussed, there is
no clear way to select the number of nodes in the SOMs array, and the final choice of a 6 ×
6 array was made as a compromise between having enough resolution to distinguish between
different weather types, and having a small enough array to make a meaningful classification.

Despite these shortcomings, the SOMs analysis leads to the useful observation that severe
wind variability is associated with certain weather patterns, and in particular it often may
be associated with cold air outbreaks. While precise local conditions are difficult to forecast
using physical or statistical modelling, the synoptic scale MSLP pattern can be well modelled
with even a relatively low resolution numerical weather prediction model. The analysis also
demonstrates the technique of using SOMs to establish the likely large scale forcings for
certain local weather outcomes, and it is probably that the technique is directly transferable
to other local phenomena, some of which (such as large ramps or storms) are also of relevance
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Cell wall

Cell centre

Cell diameter ~10–80  km

14 out of 19 severe wind

variability days in 2003

occurred with OCC patterns

observed over the North Sea



Mesoscale variability in a mesoscale model: WRF domains



Mesoscale variability in WRF

WRF simulation hour 24 for domain 4:

WRF (valid 20031005 1200 UTC) MODIS image 20031005 1145 UTC



Observed and modelled time series



Mesoscale variability and model resolution

∆x = 18km ∆x = 6km ∆x = 2km

forecast hour 24: valid 5 May 2003 12 UTC



Unstable conditions with little mesoscale variability



Summary

• Distinct features with a length scale 10s of km can strongly
contribute to mesoscale variability

• Individual cases reveal model deficiencies / strengths which
might be overlooked in long term verification

• To reproduce realistic mesoscale variability, the model must
include the realistic physics

• Open cellular convection can cause large, hour-scale wind
fluctuations of great relevance to wind energy

• We cannot predict or model the phase of the individual
fluctuations . . .

• . . . but we can model the statistical properties of the time
series



Variability and wind farm operation and control

• Mesoscale variability reduces the predictability of the power

• Mesoscale structures can have length scales of tens of km, so
impact the whole wind farm simultaneously

• Sites subject of intense mesoscale variability are less valuable
than sites with steady wind

• Spatially correlated wind speeds could lead to correlated
power fluctuations at multiple wind farms



The normalised cross-spectrum

The coherence between time series at two points consists of
contributions from in-phase and out-of-phase fluctuations.

Coherence =
P12(f )√
P1(f )P2(f )
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co-spectrum: contributions from in-phase components



The normalised cross-spectrum

The coherence between time series at two points consists of
contributions from in-phase and out-of-phase fluctuations.

Coherence =
P12(f )√
P1(f )P2(f )

=
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quadrature-spectrum: contributions from out-of-phase components



Meteorological masts at Horns Rev 1

• M2 and M6 separated by
8.7 km

• M2 and M7 separated by
12.4 km



Observations from the three masts
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Fluctuations nearly 180o out of phase
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Co- and quadrature spectra for 8.7 km and 12.4 km mast
pairs

Co-spectra

Quadrature-spectra
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Wind direction from the sea
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Wind direction from the land



Mesoscale coherence

• Different flow regimes for off-shore and on-shore flow

• Flow from the sea is more subject to correlated mesoscale
variability

• Understanding the correlation structures necessary for power
systems modelling

• Limited sets of paired data: Can mesoscale modelling fill the
gaps?



Conclusions

Mesoscale variability is important to offshore wind energy because:

• large mesoscale wind fluctuations lead to large hour-scale
power fluctuations

• mesoscale variability impacts the annual energy production of
a site

• sites with climatologically lower mesoscale variability might
turn out to be more valuable wind energy sites

• mesoscale variability undermines the hour-scale predictability
of a site

• the correlation structure of the wind speed over large areas is
an input to power systems planning




