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SUMMARY: This study aims at comparing the accuracy of WRF simulation in Baltic Sea and in Japanese coastal
waters using in-situ data of low height. WRF model simulation are compared with buoy or offshore station
measurements at 4 observation sites in Baltic Sea and 9 observation sites in Japanese coastal waters. It was found that
WRF simulation in Baltic Sea is better than it in Japanese coastal waters. The bias, root mean square error (RMSE)
and correlation coefficient (C.C.) of simulation in Baltic Sea averaged for all sites are -0.29m/s, 1.43m/s and 0.92,
respectively.

INTRODUCTION
Recently, renewable energy is expected to increase
in the future as aim are made to reduce greenhouse gas
emissions associated with energy production in Japan.
Offshore wind energy yet is to be installed, a
governmental project of offshore wind power
generation commenced. However, there are many kind
of technical or environmental problems in developing
offshore wind power generation[1].
Thus far, the accuracy for offshore WRF simulation
has verified using hub-height (80~100m) in North Sea,
however, it has verified using low (7~10m) height in
Japan. In order to promote the development of
offshore wind power generation in Japan as Northern
Europe, this study aims at comparing the accuracy of
mesoscale model simulation in Baltic Sea and in
Japanese coastal waters using in-situ data of buoys
which are similar observation height.

simulation is the condition which is input data,
domain, and other physics option used to WRF
simulation is same as it in North Sea and Baltic Sea.
The verification is carried out for one year or less of
2009. The observational locations and measurement
heights are listed in Table 2. The 6 buoys (Omaezaki,
Owase, Nansei-Buoy, KB10, KB13, Kochinishi) or
offshore measurement station (Hasaki, Hiratsuka,
Shirahama) are located in Japanese coastal waters, and
4 offshore stations (Arkona Becken, Darßer Schwelle,
Fehmarn Belt, Oder Bank) are located in Baltic Sea.
These are also shown Figure 1.
Table 1. Model configuration

DATA AND METHOD
The Weather Research and Forecasting (WRF)
model is used in this study. WRF was used to simulate
in Japan for one year (January to December 2009) for
the area shown right of Figure 1, and in North Sea and
Baltic Sea for period of one year (May in 2009 to
April in 2010) for the area shown left of Figure 1. The
model configuration used in the WRF simulation are
shown in Table 1. The characteristic of Japanese

Figure1. Domain used in the simulation and location of the in-situ data
(Left is in North Sea and Baltic Sea, right is in Japanese Sea)

Table 2. Accuracy verification of WRF simulation.

RESULTS
Table 2 also shows bias, RMSE, and correlation
coefficient (C.C.) at each observation site for WRF
simulation. It is found that simulation in Baltic Sea has
smaller bias and RMSE than in Japanese coastal
waters, respectively, and more higher C.C.. Moreover,
Figure 2 and Figure 3 are annual bias and RMSE at
each observation site for WRF simulation. The bias
and RMSE are expressed as relative values to the
annual mean wind speed. Red line is the aim of
achievement which is necessary to profit by Offshore
wind energy in Japan. This study indicates that the
simulation at low height in Baltic Sea has better
accuracy than in Japanese coastal waters as well as it
at hub-height. As the reason for this, in North Sea and
Baltic Sea, it can be considered a high reproducibility
of the meteorological field by mesoscale model,
because the terrain is flat and the wind situation is also
relatively simple. And more, since the dense high-rise
meteorological observation network in Europe, there is
a fact that the high accuracy of the objective analysis,
ECMWF, to be input as the initial value and the
boundary value to mesoscale model. The observation
data in Japanese Sea is worth quality than in Europe,
because they are influenced strong winds caused by
various kind of disturbance as well as terrain–induced
winds.
In addition, Figure 2 shows that bias in Baltic Sea is
underestimation. It is seen a similar underestimation is
at KB10 and KB13 with a relatively distance from
nearest coastal line in Japanese Sea. However, this
time, the reason could not be apparent.

CONCLUSION
This study proved that, the accuracy of WRF
simulation at low-height in Baltic Sea is better than in
Japanese coastal waters as well as at hub-height.
Because the objective analysis, ECMWF, as input data
has high accuracy. I think it is necessary to use high
resolution and accurate data set as input data for
simulating offshore wind speed and making wind atlas
for offshore wind resource assessment in Japan. Since
the accuracy of simulation in Japanese coastal waters
is large different from in North Sea and Baltic Sea
even though subjected to the same simulation with
mesoscale model.
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Figure 2. Comparison of annual biases
at each observation site

Figure 3. Comparison of annual RMSEs
at each observation site

