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Research on the time domain probabilistic characteristics of wind power state
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(1. State Key Laboratory of Advanced Electromagnetic Engineering and Technology (School of Electric and
Electronic Engineering, Huazhong University of Science and Technology), Wuhan 430074, China;
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Abstract: With the large scale integration of wind power, having a deep understanding about the stochastic characteristics
can lead to more precise forecasting and better utilization on wind power. Wind power fluctuation has received well
attention while the probabilistic characteristics regarding wind power states are still under progress. This paper first
presents the definition of wind power states, and then studies the probabilistic descriptions of the duration time within one
power state and transition between different power states employing massive measured wind power data. The duration
time within one wind power state is revealed to follow inverse Gaussian distribution, which is useful for power system
operation. The matrix of the transition probability between wind power states quantifies the degree of transition and
shows a ridge pattern. The gradient of the ridge is related to the time scale of interest.
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Fig. 1 Active power of Brazos wind farm
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Fig. 2 Statistics of wind power states’ duration time
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Fig. 3 Probabilistic characteristics of duration time under partial wind power states
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Table 1 RSS of fitting PDFs for all wind power states

wasT Bmsan s 00 O
0 12.90 43.70 7.00 14.30
1 7.40 36.70 430 11.00
2 3.00 16.00 5.60 6.40
3 1.70 13.60 2.90 4.50
4 2.40 15.10 3.90 5.70
5 3.20 17.20 4.20 6.50
6 2.20 13.50 3.20 5.00
7 2.40 13.60 3.40 5.20
8 4.50 19.50 5.30 7.70
9 6.00 29.40 3.90 9.10
10 16.20 50.50 9.10 17.70
BME 5.60 24.40 4.80 8.50
PR AT ] 152 2 16.67% 408.33% / 77.08%
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Fig. 4 Inverse Gaussian distribution curves
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Table 2 Parameters of the duration time characteristics

WAGE  MOEEMW g L A KR ) /min
0 0 45.32 2.788 2336
1 0~16 30.94 3.239 3261
2 16~32 19.46 4.040 1145
3 32~48 14.28 4.101 465
4 48~64 14.22 3.943 1271
5 64~80 13.31 3.804 414
6 80~96 12.84 3.940 601
7 96~112 13.06 3.883 1160
8 112~128 17.01 3.482 4259
9 128~144 17.71 3.244 400
10 144~160 46.18 2.680 1247
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Table 3 Transition probability matrix of Brazos wind farm by 15-min-interval

0 1 2 3 4 5 6 7 8 9 10
Ja—R&

0 0.897 0.097 0.002 0.001 0 0 0 0 0 0 0
1 0.081 0.829 0.078 0.007 0.003 0 0 0 0 0 0
2 0.003 0.138 0.695 0.144 0.011 0.004 0.002 0.001 0 0 0
3 0.001 0.012 0.191 0.600 0.171 0.018 0.005 0.002 0.001 0 0
4 0.002 0.004 0.017 0.177 0.602 0.169 0.021 0.004 0.002 0 0.001
5 0 0.002 0.005 0.022 0.193 0.582 0.173 0.020 0.003 0.001 0
6 0 0.001 0.003 0.004 0.023 0.198 0.582 0.165 0.019 0.004 0
7 0 0 0.002 0.003 0.005 0.022 0.177 0.607 0.164 0.171 0.002
8 0 0 0 0 0.001 0.004 0.017 0.148 0.703 0.116 0.009
9 0 0 0 0 0.002 0.001 0.003 0.011 0.146 0.729 0.106
10 0 0 0 0 0 0 0.001 0.001 0.004 0.097 0.895
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Table 4 Information of aggregated wind farms

s KR/ AEMW O K SRS I I B
1 Delaware 28.5 eS| 1 min 2008 4 1~9 H
2 Woolnorth 137 KRR 5 min 2011 4£7 H
3 Brazos 160 eS| 1 min 2008 4 1~9 H
4 Capridge 364 eS| 1 min 2008 4 1~9 H
5 Ireland 1474  F/R*% 15min 2011 4
6 UK 4631 BE[H 5min 2011-5-27~2012-12-2
7 TenneT 9090 et 5 min 2011 4
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Fig. 5 Probabilistic characteristics of duration time for different (aggregated) wind farms
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Fig. 6 Transition probability matrix of multiple wind farms by intervals of 15-min, 30-min and 60-min
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