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Methodology and Results  

1. Investigation into modelling 
uncertainty and energy yield 
predictions
Firstly, two projects with multiple 
meteorological masts were selected 
in order to carry out cross predictions 
of wind speeds. The terrain of both 
projects is predominantly rolling hills 
and can be considered as medium 
complexity but comfortably within 
the modelling envelope of WAsP, with 
a RIX index less than 5.0 % for all 
locations. The maximum distance 
between masts was approximately 10 
kilometres. All masts are of high 
quality, compliant with industry best 
practice and have a concurrent period 
of measurements consisting of 2 and 
4 years per project respectively. The 
results have shown that there was 
virtually no change from v11.6 to 

among other things, a major 
improvement in the wake model [2].

Objectives  

Before implementing any new 
software, Lloyd’s Register (LR) 
performs independent checks in 
order to test how close it reflects 
reality, whether it is consistent with 
previous iterations – the impact that 
this will have on analyses past and 
present – and also to understand any 
improvements in the model 
approach. For WAsP v12.0 the 
following tests have been run:

1.  An investigation into the impact of 
      WAsP v12.0 on modelling 
      uncertainty and energy yield 
      predictions.
2. Tests on the new PARK2 wake 
      model implemented within WAsP 
      v12.0.

Background  

WAsP has been regarded as the 
industry standard wind flow 
modelling tool for microscale wind 
resource assessment since the 1990s. 
The limits of WAsP are well 
understood [1], including the 
assumptions of laminar flow and 
neutral atmospheric stratification. For 
the last decade or so, one of the focal 
points of discussion has been the 
wake model which tends to 
significantly underestimate wake 
losses from roughly the fifth row of 
turbines downwind, namely the deep 
array wake effect. This is especially 
important when performing analysis 
in offshore conditions where the 
impact of this wake effect is 
considerably more prominent than 
onshore. The latest upgrade of the 
software, version 12.0, was released 
in December 2017 which offers, 
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modelling uncertainty for large scale 
onshore as well as offshore wind
farms. The changes to the wind flow 
modelling, in WAsP v12.0, will result 
in a negligible adjustment in the P50 
energy yield prediction of wind farm 
considered, with no resultant changes 
in the flow modelling uncertainties.
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energy yield prediction by the tenth 
row. The PARK2 wake model
seemingly has addressed the deep 
array wake effect for onshore 
conditions which results in the
wake losses continuing to rise after 
the fifth row. Validation studies of 
PARK2 have been performed based on 
operating offshore wind farms [2], 
with a much improved prediction of 
the observed deep array wake losses. 
PARK2 is considered to better reflect 
what can be expected in the real 
world for both large scale onshore 
and offshore conditions and thus 
reductions in the modelling 
uncertainty can be expected. 
However further validation cases are 
needed to gain a greater 
understanding of the model accuracy 
and uncertainty.

Conclusions  

As a result of the validations carried 
out, appropriate implementation of 
the PARK2 wake model should result 
in an increase in the wake losses 
modelled in large turbine arrays, but 
result in a reduction in the wake 

v12.0 in terms of the extrapolation of 
wind speed from one location to 
another; however a slight reduction 
(0.5 to 1.1%) in Weibull shape 
parameter k was detected which may 
result in a small adjustment in energy 
yield prediction. The change in 
modelling uncertainty is considered 
negligible and that WAsP v11.6 and 
v12.0 can be considered consistent. 
LR notes that there are differences in 
the per-turbine results but that there 
is no clear positive or negative bias in 
the model compared to previous 
versions.

2. The new PARK2 wake model
The second part of the test focuses on 
the upgraded wake model, PARK2. A 
dummy project with a grid layout 
consisting of 10 rows and 8 turbines in 
each row was created for both 
onshore and offshore conditions. A 
distance of 7 rotor diameters was 
assumed between rows and 4 rotor 
diameters between neighbouring 
turbines within a row. The wind data 
was originated from an actual 
measurement by manually forcing all 
frequencies into the 30 degree wind 
sector perpendicular to the direction 
of rows. A homogeneous and flat 
terrain was assumed for the onshore 
project in order to make the wake 
model comparable to the offshore 
conditions. Default parameters were 
used throughout the test. The results 
of the tests are illustrated in the figure 
on the right.

As shown in the figure, the change of 
wake loss or park efficiency 
predictions from PARK to PARK2 is 
significant from the fifth row onwards. 
The gap widens as it goes deeper into 
the array with ~ 5% difference in 
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