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Offshore wind simulations using a mesoscale model, Weather Research and

Forecasting (WRF) were carried out. In order to find the optimum setup for offshore

wind resource assessments with WRF, annual simulations using 10 different

Planetary Boundary Layer (PBL) schemes were performed. The accuracies

were examined by comparing the simulated winds with in situ observations at the

two offshore met masts of FINO1 and the Offshore Wind farm Egmond aan Zee

(OWEZ) in the North Sea. In addition to the accuracy verifications for each PBL

scheme, an attempt was made to improve the accuracy by using a multi

parameterization ensemble technique.

Introduction

Comparison of wind speeds simulated with WRF using seven planetary 

boundary layer schemes at two offshore met masts in the North Sea

Susumu Shimada1, Teruo Ohsawa2, Yuko Takeyama1, Tetsuya Kogaki1, Gerald Steinfeld3 and Detlev Heinemann3

1) AIST, 2) Kobe University, 3) ForWind

PO.ID

175

Conclusions

Methods

References

EWEA Offshore 2015 – Copenhagen – 10-12 March 2015

Table 1 WRF settings 

Fig. 1 Domains used in the simulations and the 

met mast locations 

The WRF settings which are identical in all simulations are listed in Table 1. The

simulation domains and locations of FINO1 and OWEZ, which are 45 and 17 km

away from the nearest coastlines, are also displayed in Fig. 1. The PBL schemes

and their associated surface layer schemes are summarized in Table 2. The

observations, which the mast shadow effects were corrected, were employed for

the accuracy verifications.
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Figure 1.2 The meteorological mast at the OWEZ wind farm. 
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Results

Table 2 Descriptions of the PBL schemes and the associated surface layer schemes

Table 3 Annual biases, RMSEs and correlation coefficients of the WRF wind speeds

for FINO1. The first and second best values at each level are shown in red and blue.

Fig. 2 Time-series of the observed and ensemble mean wind speeds at FINO1.

Fig. 3 Scatter plots after applying the ensemble spread filters for FINO1 at 100 m.

Comparisons of the annual biases, Root Mean Square Errors (RMSEs) and

correlation coefficients for the WRF simulations using 10 different PBL schemes for

FINO1 and OWEZ are shown in Table 3 and 4. The MYNN2 and MYNN3

schemes, which are based on the improved Mellor-Yamada turbulence

models and recently implemented parameterizations, are found to have

better accuracies than the other PBL scheme used cases. The results indicate

that the MYNN2 and MYNN3 schemes are good alternatives to the MYJ scheme,

which was used for WRF offshore wind simulations in previous studies [1, 2]. The MYNN2 and MYNN3 schemes showed better accuracies than the other PBL

schemes for FINO1 and OWEZ. It was also found that the accuracies presented in

this study were much better than those from WRF simulations shown in the

previous studies. Moreover, the WRF ensemble means obtained from the 10 PBL

simulations were shown to have better accuracies than the single PBL scheme

used cases. Finally, the WRF ensemble means using the spread filter were found

to have the accuracies, which are comparable with the satellite-based wind

estimations.

Table 4 Same as Table 3, but for OWEZ

Additional findings for the WRF wind speeds can be obtained when the ensemble

means and spreads are calculated from the simulated wind speeds with the 10

PBL schemes. Fig. 2 exhibits time-series of wind speeds at 100 m height from the

observations and the WRF ensemble means, which is simply the arithmetic mean

of the 10 PBL time-series at FINO1. The ensemble means (blue line) are found

to provide less noisy results than results from the single PBL scheme used

cases (gray lines).

Fig. 4 Same as Fig. 3, but for OWEZ at 116 m.

The WRF ensemble means showed slightly better accuracies than the MYNN2

and MYNN3 scheme used cases for FINO1 and OWEZ. A further improvement in

RMSE can be obtained when a ensemble spread filter, which is based on the

standard deviation of the WRF wind speeds normalized by the average standard

deviation dependent on the mean wind speeds, is used as an index for measuring

the uncertainty of the ensemble mean wind speeds.

Scatter plots of the observations against the WRF ensemble means using the

ensemble spread filter with different thresholds, are compared in Fig. 3 and 4. As

the threshold becomes smaller (more strict), the RMSE gradually decreases. Since

the satellite-based offshore wind estimations have RMSEs of 1.53 and 1.41 m/s for

FINO1 and OWEZ at 10 m height [3], the WRF ensemble means are found to

archive the accuracies, which are comparable with them.


