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Joint probability distribution of wind speed and direction based on

binary exponential polynomial

XIONG Haoran, CHENG Shan

(College of Electrical Engineering & New Energy, China Three Gorges University, Yichang 443002, China)

Abstract: The distribution of wind energy is uneven, and improving the assessment method of wind energy resource
characteristics to enhance its accuracy and comprehensiveness is crucial for wind farm construction and efficient use of
wind energy. A modeling method is proposed for the joint probability distribution of wind speed and wind direction
based on a binary exponential polynomial. The parameters of the binary exponential polynomial of this model are solved
by using linear least squares. A normalization constant is added to make the binary exponential polynomial satisfy the
characteristics of the probability density function. It combines multiple goodness-of-fit index functions to solve the
optimal index of the binary exponential polynomial, so that obtains the optimal fitting performance of the joint
probability distribution of wind speed and direction. The model is used to fit the measured data of wind farms in multiple
regions and compared with the Copula model for verification. The results show that due to the more fitting parameters of
the binary exponential polynomial, the proposed model is superior to Copula model in the aspects of root mean square
error, coefficient of determination, Akaike information criterion and average absolute percentage error. It is proved that
the fitting model based on the binary exponential polynomial can more accurately fit the wind speed and direction data of
the wind farm.
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frequency in Bowbells area
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Table 1 Geographical and location information on
four regions of North Dakota, USA

K /() ZE/(C) T3 /m
Bowbells 48.817 —102.239 597
Dazey 47.183 —98.138 439
Harvey 47.731 —99.919 493
Mandan 46.774 —100.914 591
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Figure 2 Histogram of wind speed, wind direction and
frequency in North Dakota, USA
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Table 2 Parameters of binary exponential polynomial
for Bowbells area
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Table 3 Parameters of Copula model for Bowbells area

HFR 28 KA
Frank Copula a 1.332
Gamma b,c 2.929,1.417
1,15k 0.326,5.766,5.088
Oos o, ko 0.435,0.133,2.467
Von Mises

O35 t35 k3 0.076,12.986,3.974
Ousptasky 0.163,3.489,2.353
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Table 4 Comparison of goodness-of-fit indexes by

Coupla and binary exponential polynomial model
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Mandan
Copula 0.759 6.145 76671 29.554
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Table 5 Goodness-of-fit indexes of binary exponential

polynomial with different exponents
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M,=5,M,=5 0.829 5.699 36 518 26.212
M,=6,M,=6 0.844 5.288 35970 25.213
M,=6,M,=7 0.864 4.862 35732 24.853
M,=6,M,=38 0.855 5.001 35987 25.445
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