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Generation of Synthetic Time Series Wind Speed Data
using Second-Order Markov Chain Model
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ABSTRACT

In this study, synthetic time series wind data was generated numerically using a second-order Markov
chain. One year of wind data in 2020 measured by the AWS on Wido Island was used to investigate the
statistics for measured wind data. Both the transition probability matrix and the cumulative transition
probability matrix for annual hourly mean wind speed were obtained through statistical analysis. Probability
density distribution along the wind speed and autocorrelation according to time were compared with the
first- and the second-order Markov chains with various lengths of time series wind data. Probability density
distributions for measured wind data and synthetic wind data using the first- and the second-order Markov
chains were also compared to each other. For the case of the second-order Markov chain, some
improvement of the autocorrelation was verified. It turns out that the autocorrelation converges to zero
according to increasing the wind speed when the data size is sufficiently large. The generation of artificial
wind data is expected to be useful as input data for virtual digital twin wind turbines.
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Table 1 A 28-state transition probability matrix for annual hourly mean wind speed at Wido island

i 1 2 3 4 5 6 7 8 9 10 11 12

1 5697 | 2485 | 1172 | 0424 | 0101 | .0121 | .0000 | .0000 | .0000 | .0000 | .0000 | .0000
2 2744 | 4060 | 1992 | 0714 | 0226 | .0113 | .0113 | .0038 | .0000 | .0000 | .0000 | .0000
3 A271 | 2882 | 3390 | 1102 | 1102 | .0085 | .0085 | .0085 | .0000 | .0000 | .0000 | .0000
4 0625 | 1667 | 1875 | 2917 | 1250 | .1042 | .0000 | .0208 | .0208 | .0000 | .0208 | .0000
5 0556 | .0556 | 1667 | .1667 | 4444 | .0556 | .0556 | .0000 | .0000 | .0000 | .0000 | .0000
6 111 | 1111 | L0000 | .3333 | .2222 | .2222 | .0000 | .0000 | .0000 | .0000 | .0000 | .0000
7 .0000 | .0000 | .0000 | .0000 | .5000 | .0000 | .5000 | .0000 | .0000 | .0000 | .0000 | .0000
27 .0000 | .0000 | .0000 | .0000 | .0000 | .0000 | .0000 | .0000 | .0000 | .0000 | .0000 | .0000
28 .0000 | .0000 | .0000 | .0000 | .0000 | .0000 | .0000 | .0000 | .0000 | .0000 | .0000 | .0000
1 4753 | 3080 | 1217 | .0570 | .0228 | .0000 | .0076 | .0000 | .0038 | .0038 | .0000 | .0000
2 2493 | 3740 | 2195 | .1057 | .0298 | .0108 | .0027 | .0054 | .0027 | .0000 | .0000 | .0000
3 1126 | 2684 | 2900 | 2078 | .0779 | .0260 | .0043 | .0087 | .0043 | .0000 | .0000 | .0000
4 0294 | 1912 | 2574 | 2426 | 1765 | .0515 | .0368 | .0000 | .0000 | .0147 | .0000 | .0000

Table 2 A 28-state cumulative transition probability matrix for annual hourly mean wind speed at Wido island

i 1 2 3 4 5 6 7 8 9 10 11 12

1 5697 | 8182 | 9354 | 9778 | 9879 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000
2 2744 | 6804 | 8796 | 9510 | 9736 | 9849 | .9962 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000
3 271 | 4152 | 7541 | 8643 | 9745 | 9830 | .9915 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000
4 0625 | 2292 | 4167 | 7084 | 8334 | .9376 | .9376 | .9584 | 9792 | 9792 | 1.000 | 1.000
5 0556 | 1112 | 2778 | 4445 | 8888 | .9444 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000
6 111 | 2222 | 2222 | 5556 | 7778 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000
7 .0000 | .0000 | .0000 | .0000 | 5000 | .5000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000
27 .0000 | .0000 | .0000 | .0000 | .0000 | .0000 | .0000 | .0000 | .0000 | .0000 | .0000 | .0000
28 .0000 | .0000 | .0000 | .0000 | .0000 | .0000 | .0000 | .0000 | .0000 | .0000 | .0000 | .0000
1 A753 | 7833 | 9050 | 9620 | 9848 | 9848 | .9924 | .9924 | 9962 | 1.000 | 1.000 | 1.000
2 2493 | 6234 | 8429 | 9486 | 9784 | 9892 | .9919 | .9973 | 1.000 | 1.000 | 1.000 | 1.000
3 126 | 3810 | 6710 | 8788 | 9567 | .9827 | .9870 | .9957 | 1.000 | 1.000 | 1.000 | 1.000
4 0294 | 2206 | 4780 | 7205 | 8970 | .9485 | 9853 | .9853 | 9853 | 1.000 | 1.000 | 1.000
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Table 3. Comparison of statistical parameters between
measured and synthetic data

. Relative
Measured Synthetic error (%)
Minimum 0 0 0
Maximum 13.60 13.99 29
Mean 242 2.52 4.1
Standard 184 187 16
deviation
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