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Global cumulative installed wind capacity exceeded 590GW in 2018 [1]. For further increase in wind power
generation, additional improvement and development in wind power technology are needed. The Virtual Met
Mast (VMM) tool based on numerical weather prediction (NWP) models and statistical technique is expected to
reduce the excessive costs on wind measurements. In the previous study, we evaluated performance of
micro-scale (50m mesh) wind field simulation with the Multi-Scale Simulator for the Geoenvironment (MSSG)
with in-situ observed data [2]. This study aims to improve the performance of the MSSG with emphasis on a

reduction of the mean error of the wind speed.
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1. Introduction

Current operational wind resource assessment utilizes wind
measurements recorded locally with a minimum duration of 1
year. However, wind measurements have some constraints of
their excessive costs and data quality/availability. In wind
resources assessments, Virtual Met Mast (VMM) tool based
on numerical weather prediction (NWP) model and statistical
technique is expected as a promising technology to overcome
the above problems. In the previous study, we evaluated
performance of wind field simulation with the Multi-Scale
Simulator for the Geoenvironment (MSSG) with in-situ wind
measurements [2] (hereinafter S18). We found that the MSSG
overestimated the annual mean wind speed by ~23%. The aim
of study is to improve the performance of wind field
simulation with MSSG with emphasis on a reduction of the
mean error of the wind speed.

2. Model and Data

The model used in this study is the MSSG [3] developed by
the Japan Agency for Marine-Earth Science and Technology
(JAMSTEC). The MSSG is an atmosphere-ocean coupled
model consisting of an atmosphere component (MSSG-A)
and an ocean component (MSSG-O). In this study, we used
the latest version of the MSSG-A as a standalone regional
atmospheric model. Model physics used in this study is
described in Table 1.

The computational domain was configured with a
triple-nesting with the horizontal resolution of 1000m, 200m,

Table 1 Model physics used for MSSG

Radiation MstranX (Sekiguchi and Nakajima, 2008)

Planetary boundary layer MYNN2.5 (Nakanishi and Niino, 2009)

Cloud physics Reisner et al. [1998]; Thompson et al. [2004]

Surface boundary layer Grell et al. (1995)

and 50m grid. The nested domains were 96kmx96km,
19.2kmx19.2km and 4.8kmx4.8km.

Initial and boundary conditions were derived from the
Meso Analysis (MANAL) developed by the Japan
Meteorological Agency. The MANAL data has a horizontal
resolution of 5km with 15 pressure levels at 3-h intervals. The
MANAL data is also used to assimilate into the two outer
nested domains at 3-h intervals by means of the optimum
interpolation method, while the assimilation was not applied
to the most inner domain to avoid the artificial damping
caused by coarse resolution of the MANAL data.

The model terrain was derived from the 10m Digital
Elevation Model (DEM) data developed by the Geospatial
Information Authority of Japan. The model land-use data was
derived from the 100m-mesh data developed by the National
Land Numerical Information, Japan.

To validate modeled wind data, we used wind speed and
direction data measured at 58.5m above ground level. The
data includes confidential information, thus their specific
information regarding the measurement site would remain
hidden.

3. Testrun

Four test runs with different model configurations were
performed to evaluate the performance of MSSG (Table 2).
The configuration for the CTL run is the same as that in S18
(described in Section 2), though the latest version of MSSG
was used in this study. DZ10m run is the same as the CTL run,
except that the thickness of the lowermost layer is 10m, which
is finer than that in the CTL run (29m). LOUIS run uses a
surface boundary layer model of Louis (1972) [4]. In the GFS
run, soil moisture and temperature were obtained from the
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Table 2 Model configuration for test runs Table 4 Mean error and correlation coefficient (R) between measured

and simulated annual wind speed.

Thickness of the

Run name Physical scheme and etc.
lowermost layer.
CTL 29m As in S18 MSSG MANAL
DZ10m 10m Asin S18 Mean Error [%] 17 23
LouIS 29m Surface boundary layer model of Louis (1979) R [-] 0.88 0.74
GFS 29m Soil moisture and temperature obtained from the GFS
] N
Table 3 Mean error and correlation coefficient (R) between measured @ L Y —+=Measurement
and simulated wind speed for 5 days test runs. NW, 1;5/;\: NE |—e-MsSCG
CTL DZ10m LouIS GFS S18 WNWL 1li/\il v \ENE
Mean Error [%] 143 49 239 144 440 [ ] %( W
W Agsegi E
R[] 0.68 0.66 0.71 0.68 0.69 R .}
WSW "\\&// ESE
6-hourly Global Forecast System (GFS) produced by the O ARYavaE
National Centers for Environmental Prediction (NCEP), while SSW s
the climatological monthly mean of the NCEP/NCAR
. . . b 4N —
reanalysis were used in the CTL run. Due to the limited ®  wdb e Measurement
. . . . . NW 1 NE | —a=WMANAL
computational resources and time, the integration period for 1g/:\\'\
WNW, ¥ 5 ENE
the test run was 5 days from the 1% to 5" January 2015. | < ob 1 I \
. .. wi—! o E
Table 3 shows the mean error and correlation coefficient \ '.\.\ L7 _;;’ |
between the simulated and observed wind speed. The mean LUV 4's FSE
error exceeded 40% in S18, while the CTL run is 14%, RSVAR Ve

implying that a use of the latest version of MSSG successfully
reduced the mean error of wind speed. The mean error is
decreased to less than 10% by using a fine vertical grid
(DZ10m run). In contrast, the mean error in the LOUIS run is

Fig. 1 Comparison of annual wind rose calculated from measurements,
MSSG simulation, and MANAL data. Wind speed is normalized by the
annual mean of observed wind speed. (a) measurements and MSSG
simulation, (b) measurements and MANAL data.

greater than that in the CTL run. On the other hand, there is no
marked difference in the mean error between the CTL and
GFS runs, indicating that soil moisture and temperature less
contribute less to reduce the mean error of wind speed.

Correlation coefficient between the modeled and observed
wind speed was ~0.7 for all runs. As a result, the DZ10m run
(finer vertical resolution) had the best performance in the test
runs.

4. Annual simulation

An annual simulation with configuration of the DZ10m
was performed. The simulation period was from 1% January to
31% December 2015. It took about 35000 node-hour on the
Earth Simulator.

It was found that the MSSG had better performance (mean
error=17% and R=0.88) than the MANAL which was used
for the initial and boundary data (Table 4). Furthermore,
MSSG well simulated the directional annual mean wind
speed as observed, when compared to the MANAL
overestimating the westerly and northerly winds (Fig. 1).

5. Conclusion and Discussion

An annual wind filed simulation with MSSG at horizontal
resolution of 50m was performed. To reduce the mean error of
the modeled wind speed, 5 days simulation with four different
configurations (e.g.: vertical resolution and model physics)
was carried out. Based on comparisons with wind speed
observations, we configured the thickness of the lowermost
level as 10 m for the annual simulation.

We have found that dynamical downscaling of MSSG

successfully reduce the bias of wind speed in the MANAL,
and well simulate the directional annual average wind speed
as observed.

MSSG has an annual mean wind speed bias of 17%, while
business sphere demands the bias less than 5%. Further model
improvement and tuning of the model are needed. For
example, a use of boundary data with high vertical/temporal
resolution may enable to produce more realistic boundary
conditions for complex terrain.
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