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Generation and Verification of Synthetic Wind Data With Seasonal Fluctuation
Using Hidden Markov Model
Seok-Young Park' and Ki-Wahn Ryu?

Department of Aerospace Engineering, Jeonbuk National University

ABSTRACT

The wind data measured from local meteorological masts is used to evaluate wind speed
distribution and energy production in the specified site for wind farm However, wind data
measured from meteorological masts often contain missing information or insufficient desired
height or data length, making it difficult to perform wind turbine control and performance
simulation. Therefore, long-term continuous wind data is very important to assess the annual
energy production and the capacity factor for wind turbines or wind farms. In addition, if
seasonal influences are distinct, such as on the Korean Peninsula, wind data with seasonal
characteristics should be considered. This study presents methodologies for generating synthetic
wind that take into account fluctuations in both wind speed and direction using the hidden
Markov model, which is a statistical method. The wind data for statistical processing are
measured at Maldo island in the Kokunnsan-gundo, Jeonbuk Province using the Automatic
Weather System (AWS) of the Korea Meteorological Administration. The synthetic wind generated
using the hidden Markov model will be validated by comparing statistical variables, wind energy
density, seasonal mean speed, and prevailing wind direction with measurement data.
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Table 1. Comparison of statistical parameters
between measured and synthetic

wind data

Measured
[m/s]

Synthetic | Relative error
[m/s] (%)

Maximum 204 205 0.49
Minimum 0 0 0
472 467 1.06

Mean

Standard
deviation

3.26 3.32 1.84
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(a) Measured data
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Fig. 4. Wind speed variation according to time
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Fig. 5. Probability density distribution for
measured and synthetic wind speed
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Table 2. Comparison of mean wind speed
between measured and synthetic wind

data
Measured | Synthetic | Relative error
[m/s] [m/s] [%)]
Spring 437 425 2.75
Summer 3.83 418 9.13
Autumn 467 5.05 8.14
Winter 6.03 5.71 5.31
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