Accepted Manuscript

ENERSGY

Short-term probabilistic forecasting of wind energy resources using the enhanced
ensemble method

Deockho Kim, Jin Hur

Pl S0360-5442(18)31001-6
DOI: 10.1016/j.energy.2018.05.157
Reference: EGY 12992

To appearin:  Energy

Received Date: 13 November 2017
Revised Date: 22 May 2018
Accepted Date: 24 May 2018

Please cite this article as: Kim D, Hur J, Short-term probabilistic forecasting of wind energy resources
using the enhanced ensemble method, Energy (2018), doi: 10.1016/j.energy.2018.05.157.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to

our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.


https://doi.org/10.1016/j.energy.2018.05.157

Proceedings of SEEP2017, 27-30 June 2017, Bled, Sovenia

SHORT-TERM PROBABILISTIC FORECASTING OF WIND ENERGY
RESOURCES USING THE ENHANCED ENSEMBLE METHOD

Deockho Kim? and Jin Hur®”

a. Deockho Kim, Graduate student, Sangmyung UniverBigpartment of Electrical Engineering, 20, Hongjim?-
gil, Jongno-gu, Seoul, Republic of Korea, e-mail1237009@sangmyung.kr,

b. Jin Hur, Ph.D., Assistant Professor, Sangmyung &lsity, Department of Electrical Engineering, 2@nigjimun
2-gil, Jongno-gu, Seoul, Republic of Korea, e-nmjaihur@smu.ac.kr

Abstract

Unlike other traditional energy resources, wind powutputs depend on natural wind resources that
vary over space and time. Accurate wind power fagsgng can reduce the burden of balancing energy
equilibrium in electrical power systems. In thispps we propose the short-term probabilistic
forecasting of wind energy resources using the ecdth ensemble method. The enhanced ensemble
forecasting methods are grouped into two main caiegf temporal ensemble and spatial ensemble
forecasting. The temporal ensemble forecastingn@emented by autoregressive integrated moving
average with explanatory variable model, polynomedression with time-series data, and analog
ensemble for a probabilistic approach. The spatiatemble forecasting is implemented by
geostatistical model and interpolation with geobregl property data. In addition, the stochastic
approach, analog ensemble is applied to reducertbertainty in wind power forecasting and use of
Numerical Weather Prediction models for accuratedwiower forecasting is considered. We conduct
stochastic wind power forecasting using practiahdf Jeju power system and evaluate the system
reliability on wind power generation variations. As result, the proposed model shows better
performances than single models, while at the stime providing probabilistic forecasts. Based on
these forecasts, the grid operators can identificar operating time points to prepare for probtem
that can occur in the system due to wind poweratians in advance.

Keywords: probabilistic wind power forecasting, short-teionecasting, ensemble method, temporal
ensemble, spatial ensemble.

List of abbreviations
GWEC Global Wind Energy Council AnEn Analog Ensemble
NREL National Renewable Energy Laboratory NWP Numerical Weather Prediction

NEISO New England Independent System Operator M APE Mean Absolute Percentage Error

Auto Regressive Integrated Moving Averag¢

EWEA European Wind Energy Association ARIMAX with Exogenous variable

VGR Variable Generation Resources SVM Support Vector Machine

ANN Artificial Neural Network SVR Support Vector Regression
PSR Phase Space Reconstruction AR Auto-regressive

ARMA Auto-regressive Moving Average PSO Particle Swarm Optimization
MA Moving Average EEM Enhanced Ensemble Method
NMAE Normalized Mean Absolute Error BIC Bayesian Information Criterion

MAE Mean Absolute Error
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