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Regional characteristics of the atmospheric stability distribution in Japan
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Abstract

To improve the forecast accuracy of the annual energy production from wind power, the characteristics of the atmos-
pheric stability distribution are summarized using data from wind observation towers at ten sites in Japan. The bulk Rich-
ardson numbers indicate that stable conditions prevailed at seven out of ten locations.

An analysis of each met mast indicated that the prevailing stability varied by season and differed not only according
to the area but also according to the wind farm scale. These differences are thought to result from the distance to the sea and
the wind shear. In addition, we compared the results according to the observational data and the bulk Richardson number

calculated using the Weather Research and Forecasting model (WRF)

during each season. The prevailing atmospheric

stability at the observation points is affected by the atmospheric stability of the land and the surrounding ocean.
The results of previous research and this study indicate that considering the atmospheric stability enables more correct
estimations of the annual wind power energy production. If possible, seasonal and local differences in the atmospheric sta-
bility should be considered to better estimate the wind power generation.
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Table 1. List of meteorological masts.
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Table 2. Correspondence of the Pasquill stability class to the bulk
Richardson number (Leelossy et al. 2014).
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Fig. 1. Stability classes at the ten sites.
The vertical axis indicates the frequency [%] and the horizontal axis indicates the stability class: strongly unstable, unstable,

slightly unstable, neutral, slightly stable, and stable from left to right.
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Fig. 3. Monthly stability frequency in the Hokkaido (left) and Kyusyu (right) regions.
The horizontal axis indicates the month and the vertical axis indicates the stability frequency.
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Fig. 5. Observation points at the Tohoku Sea of Japan site. The

yellow circles indicate the observation points. The scale unit is
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Fig. 6. Monthly stability frequency at the Tohoku Pacific sites.
The horizontal axis indicates the month and the vertical axis in-

dicates the stability frequency.
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Fig. 7. Monthly stability frequency at the Tohoku Sea of Japan
sites. The horizontal axis indicates the month and the vertical

axis indicates the stability frequency.
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Fig. 8. Observation point at the Coast site. The yellow circle

indicates the observation point. The scale unit is in meters.
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Fig. 10. Distribution of the bulk Richardson number in Japan: January—March (upper left), April-June (upper right), July—September
(lower left), and October—December (lower right). The white contour on the maps indicates that the bulk Richardson number is

greater than 10 or less than —10.
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