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Abstract. In this paper, we use a piecewise exponentia distribution model to predict the ultra short
term wind power error and then estimate the parameters. The case we used is from Northern Ireland,
we forecast the probability and precision of wind power on the basis of Normal distribution model,
Laplace distribution model, Cauchy distribution model, Beta distribution model and the proposed
piecewise exponential distribution model. The prediction error distribution model of the sub index
wind power forecasting error can be used to mine the relative information of the actual error
distribution, in addition, it’s convenient to implement and easy to be used in calculus, it can be applied
to describe the error distribution of the multipletime scale prediction, so it has more advantagesin the
error anaysis.

Introduction

Wind power has many advantageﬁ[l'z]; we al know that it’s clean, economical and renewable,
and the development scale of wind power is constantly expanding, however, wind power aso has
some disadvantages, such as the characteristic of its randomness, intermittency, non-scheduling and
partial predictability, as a result, it brings severe challenges to the large-scale wind power gird for
electricity dispatching operation. Compared with our country, many foreign countries carried out the
research of wind power prediction error distribution earlier, the normal distribution, beta distribution,
Cauchy distribution and Laplace distribution and severa traditional empirica distribution models
were proposed (361 At the same time, different error distribution models have their own
characteristics and the best applicable scope, the normal distribution assumption is the most widely
used at present and it was put forward earliest. As to large scale wind farms, when the time scale is
longer, the central limit theorem is affected, and the prediction error of the wind power will tend to be
the normal distribution. What’s more, the kurtosis of the normal distribution is fixed, with the
in-depth study and a large number of statistics analysis, it is found that although the wind speed
forecasting error close to the Gaussian distribution, but because of the power curve exhibits nonlinear
behavior, it leads to the wind power prediction error do not follow Gaussian distribution, and it has
some skewness aswell, also, the confidence intervals on the prediction pointsis not symmetrical. The
assumption of the normal distribution based on the prediction error of wind power, it will lead to the
differential term of the objective function of the optimization problem be obtained by solving the
differential term.

Of course, the error distribution may be a little bit fuzzy or have some skewness due to the
different size of the wind farm and the prediction method, the choice of the error model should be
based on the actua sSituation to select the most accurate description of the wind power error
distribution model 1. Inthis paper, anew adaptive and suitable error distribution model is proposed.
It is hoped that the model has a more flexible shape, which can be used to describe the asymmetric
error distribution, at the same time, at the sametime; the form of the distribution should be ssimple, so
asto easy to apply to engineering application.
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In the error distribution model of the severa traditional wind power prediction, the Normal
distribution, Cauchy distribution and Laplace distribution is symmetrical distribution, Berta
distribution error model can handle different skewness and kurtosis, which is a kind of weighted
composition distribution, and it isalso ahot spot in the research of wind power error. Traditional error
distribution function model please refer to Appendix A, and the 4 conventiona error models are
shown in figure 1.
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Fig.1 Four kinds of error distribution models for wind power forecasts

The symmetric error distribution model describes the error distribution of the research object, in
the premise of ensuring certain accuracy; its scope of applicationislimited. Because most of thewind
farmisnot too large, the error distribution may have many different distribution characteristics. When
the error distribution is asymmetric, even using the best parameter estimation method, the normal
distribution, Cauchy distribution and Laplace distribution will still have a large deviation, which
cannot more accurately describe the actual error distribution. In this paper, the model of the
distribution of the sub exponential distribution and the Berta distribution can handle the asymmetric
distribution. But the latter is complex and in the process of synthesis, the probability density is
sometimes abnormal, at the same time, in the process of data processing, the error information of the
wind power prediction isignored, so asto ensure the final error distribution. As aresult of the lack of
information, the description accuracy will affect the beta error distribution model in a certain extent.

We hope to present a more flexible shape, convenient solution, variable kurtosis and wide
application range distribution model; it requires that the new model can excavate the information
about the actual error distribution, meanwhile, the shape of the error model can be modified with the
change of the shape of the actual error distribution, hence, it can be used to describe the error
distribution of wind power in most of the research object. The exponentia error distribution model is
the synthesis of the two segment exponentia distribution and it has two shape parameters, what’s
more, the shape parameter of the two section index distribution is estimated, so the sub exponential
distribution is more flexible than the traditional model.

The probability density function of the exponential distribution is assumed:

P e 0) x<m

(0= - (1)
Y a, exp(- ) X3
Taz by 0

Theformula (1) shall be satisfied: 1.theintegral of the negativeinfinity is 1; 2.in the two section
of the exponential distribution of the joint point, the probability density function of the two sectionsis
equa to the value of the function. Therefore, the probability density functions of piecewise
exponential distributioniis:
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In this formula, X=(Prorecast-Pactual)/Peap 1S @ Standardized wind power prediction error, of which,
Prorecast 1S the wind power forecasting of wind farm, Pacwa 1Sthe measured val ue of wind power, Peap iS
wind power installed capacity, b;and b, for the evaluating of the shape parameter, which determines
the shape of the curve; uoisthe combination of the two segment exponential distribution, that is, when
the relative error is uo, the two stage exponentia distribution joined, uo takes the maximum
probability density point of the actual probability density sequence as the corresponding standard
error value.

When b= by- b, thisdistribution is Laplace distribution, so Laplace distribution isaspecial case
of the exponentia distribution. Based on the probability density function (formula (2)), the
cumulative probability distribution function of the exponential distribution model is derived:

' X-

Py ) X (g
F(x) =&y fdx=|

T bp X-I’Tb 3
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The error distribution model of the wind power forecast of the sub index is composed of two
sections, and the characteristics of this model are: 1l.the partial parameters of the two stage
exponential distribution are estimated by the two sets of independent error sequences, so the two
sections is independent of the shape. 2. Taking advantage of the “watershed” which exists in the
actual error distribution---the maximum peak value of probability density distribution, then determine
the binding point of the two segments, based on this characteristic, compared with the traditional
model, the new model has its own advantages, such as its Kurtosis is variable, the shape is flexible
and it is easy to solve the outcomes.

Caseanalysis

This case was taken from the wind power forecast and actua measurement data from the
(EirGrid) wind farm in 2010, 2011, 2012 (January to August 19™), the research object is to analyze
the measured data and forecast data from the same period of time.

According to the probability density sequence of X corresponding to the actual error sequencey ,
the actual error probability densigty can be obtained as shown in Figure 2:
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Fig.2 Comparison of probability density distribution among actual error distribution , normal and

Laplace model
It can be seen from figure 2 that the actual error distribution characteristics are asfollows: 1. the
kurtosis of the normal distribution is 3 and the kurtosis of the Laplace distribution is 6, so the kurtosis
of thedistribution is between 3-6; 2. Thisdistribution is asymmetric and has a certain bias, meanwhile,
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the fitting accuracy can be reduced by using the symmetric error distribution model. Therefore, the
error distribution is represented by the normal distribution and Laplace distribution, and the deviation
of the actual distribution of the errorsislarger.

From figure 2 and figure 3, the results show that for the case of wind power prediction error
distribution’s situation. Thelongitudinal and transverse error of probability density distribution of sub
exponential probability, which is relatively small compared with the normal distribution, Laplace
distribution, Cauchy distribution and beta distribution. This point can be seen from figure 2 and figure
3, which shows that the accuracy of the probability density distribution of the sub index is higher than
the other models. The reason isthat the exponential coefficient of the two section index distributionis
different and the shape is more flexible.
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Fig.3 Comparison of probability density distribution among actual error distribution,
piecewise exponential and Cauchy model
Compared table 3 and figure 4, table 3 shows that as to the wind power prediction error
distribution, the longitudinal and transverse error of the cumulative probability distribution of the
exponential distribution is obviously smaller than the normal distribution and Cauchy distribution.
From Figure 4 it can be seen that the cumulative probability distribution of the exponential
distribution and the actual error distribution are basicaly coincident, meanwhile, there is a larger
deviation between the Normal distribution, Cauchy distribution and the actual cumulative probability

distribution.
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Fig.4 Comparison of cumulative probability distribution among actual error distribution, piecewise
exponential, Cauchy and normal model

Compared table 3 and figure 5, the result of table 3 show that as to the wind power prediction

error distribution in this case, the longitudinal and transverse error of the cumulative probability

distribution of the exponential distribution isvery similar to t Laplace distribution, and both are very

similar, at the same time, they are both smaller than Beta distribution, which can be seen from figure

5.
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Fig.5 Comparison of cumulative probability distribution among actual error distribution, piecewise
exponential, Laplace and Beta model

From the above anaysis we can make the conclusion that the fitting accuracy of the exponential
cumulative probability distribution and the cumulative probability distribution of Laplace is much
higher than the normal distribution and Cauchy distribution in this case, and it dightly higher than the
beta distribution, but thefitting precision of Laplace probability density distribution isrelatively low.
Therefore, in this case, Laplace distribution model cannot guarantee the accuracy of probability
density distribution and cumulative probability distribution, the probability density distribution and
cumulative probability distribution of Berta distribution can meet the requirements of the accuracy of
the distribution, but compared with the piecewise exponential distribution, the accuracy should be
dlightly inferior and the solving processisrelatively complex. The piecewise exponentia distribution
is estimated by the shape parameter estimation, so the figure is flexible, and at the same time, it can
also guarantee the precision of the probability density distribution and the probability distribution.

Conclusions

Influenced by the scale of wind farm, the scale of the forecasting time and the degree of abandoned
wind, the prediction error distribution of different wind farms showed different characteristics, and
the traditional error model cannot meet the requirements of the vast mgority of asymmetric error
distribution. In this paper, we propose a model for the prediction of the error distribution of the sub
exponential wind power. Thismodel can be used to mine the actual error distribution, in addition, the
shape is flexible and there is no fixed demand to the error distribution, skewness and kurtosis
characteristics, the solution is convenient, which is easy to be used in calculus, and it is suitable for
engineering application. These features make the model can be used to describe the error distribution
of the multiple prediction time scale, and it has more advantages in describing asymmetric error
distribution.
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