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A Generalized Auto-Regressive Conditional Heteroskedasticity Model for System
Marginal Price Forecasting Based on Weighted Double Gaussian Distribution

LIU Xi-chui ,SHEN Jiong ,LI Yi-guo
School of Energy & Environment, Southeast University, Nanjing 210096, Jiangsu Province, China

Abstract:

The regularity of conditional variance variation and the statistical distribution characteristic of residual
error of system marginal price (SMP) in electricity market are researched. On this basis, by means of
leading in the generalized auto-regressive conditional heteroskedasticity (GARCH) model a GARCH
model based on the assumption of weighted double Gaussian (WDG) distribution is proposed to
research the variation regularity of SMP. Taking the actual data from PJM market in USA and NSW
market in Australia as samples, both GARCH model and the proposed GARCH-WDG model are tested,
the testing results show that the GARCH model can offer good estimation and forecasting results of
SMP, and the performance of GARCH model can be further improved by the proposed GARCH-WDG
model.

Keywords: system marginal price (SMP) weighed double Gaussian (WDG) distribution
generalized auto-regressive conditional heteroskedasticity (GARCH) electricity price
forecasting

R H 1 2008-11-17 &[5 H # 2009-10-10 M 4& iRk & 4 H #1 2010-02-02
DOI:
FHEIH -

T IRAE - Kb

fEH fir: XPREQ975—), B, HEHFRA, B rm AT L) i ERAE, E-mail:
liuxichui@gmail. com; F(1957—), Y5, #A%, LA, W57 0 eSS 7e A Dk Ryl i )
NH KRBT #aE@973—), 5, ML, BIEE, #H57 mA#RCCREES s i .

YE#& Email: liuxichui@gmail.com

2% K-

[1] Z=2¢4E, JHE. B TAZE R IE R K i m i R[], M EAR, 2008, 32(8): 67-70. Wu
Xinghua, Zhou Hui. A grey model of electricity price forecasting based on period residual modification
[J]. Power System Technology, 2008, 32(8): 67-70(in Chinese). [2] 4-4&I%, *ik, TS, 2. HT
2 2RI S ) L H AT TN I]. AR, 2007, 31(18): 15-18,22. Niu Dongxiao, Liu Da,
Xing Mian, et al. Day-ahead electricity price forecasting using support vector machines based on self-
organizing map[J]. Power System Technology, 2007, 31(18): 15-18,22(in Chinese). [3] T4iat,
AE, 5, & QLA F SEATIES /B A I S EV AR [0]. AR, 2007, 31(9): 43-47.
Wang Mianbin, Tan Zhongfu, Li Xue, et al. Value of risk calculation model for power supply company

F AR 548
b INNGIHIE B AR
b IHASC
F Email Alert
b SCE A
b B S B
AR SRR AR OGS
b ARG R A
B = 43 A
b A RE A TS 2
CREER i bl

ARISAEFFHR I
PubMed




adopting time-of-use electricity pricing[J]. Power System Technology, 2007, 31(9): 43-47(in
Chinese). [4] WMy, B3, Xk, 5. S TUEHEISM 2B A S NN, HEBHL R 24, 2008,
28(16): 84-89. Zeng Ming, Feng Yi, Liu Da, et al. Electricity price forecasting based on multi-
models combined by evidential theory[J]. Proceedings of the CSEE, 2008, 28(16): 84-89(in
Chinese). [5] AWM, ™I, LME, 5. SRz EARIMARM SNET /A9 o B B TR 244,
2004, 24(12): 63-68. Zhou Ming, Yan Zheng, Ni Yixin, et al. A novel ARIMA approach on
electricity price forecasting with the improvement of predicted error[J]. Proceedings of the CSEE,
2004, 24(12): 63-68(in Chinese). [6] Niimura T. Forecasting techniques for deregulated electricity
market prices[C]. Power Engineering Society General Meeting, Montreal, 2006. [7] Gonzalez A M,
Roque A M S, Garcia-Gonzalez J. Modeling and forecasting electricity prices with input/output hidden
Markov models [J]. IEEE Trans on Power Systems, 2005, 20(1): 13-24. [8] Zareipour H, Canizares
C A, Bhattacharya K, et al. Application of public-domain market information to forecast Ontario’s
wholesale electricity prices[J]. IEEE Trans on Power Systems, 2006, 21(4): 1707-1717. [9]
Contreras J, Espinola R, Nogales F J, et al. ARIMA models to predict next-day electricity prices[J].
IEEE Trans on Power Systems, 2003, 18(3): 1014-1020. [10] Conejo A J, Plazas M A, Espinola R,
et al. Day-ahead electricity price forecasting using the wavelet transform and ARIMA models[J]. IEEE
Trans on Power Systems, 2005, 20(2): 1035-1042. [11] Conejo A J, Contreras J, Espinola R, et
al. Forecasting electricity prices for a day-ahead pool-based electric energy market [J]. International
Journal of Forecasting, 2005, 21(3): 435-462. [12] Garcia M P, Kirschen D S. Forecasting system
imbalance volumes in competitive electricity markets[J]. IEEE Trans on Power Systems, 2006, 21
(1): 240-248. [13] Garcia-Martos C, Rodriguez J, Sanchez M J. Mixed models for short-run
forecasting of electricity prices: application for the Spanish market[J]. IEEE Trans on Power Systems,
2007, 22(2): 544-552. [14] Xu H, Niimura T. Short-term electricity price modeling and forecasting
using wavelets and multivariate time series[C]. IEEE Power Systems Conference and Exposition, New
York, 2004. [15] Zzheng H, Xie L, Zhang L Z. Electricity price forecasting based on GARCH model in
deregulated market[C]. Power Engineering Conference, Singapore, 2005. [16] GarciaR C,
Contreras J, van Akkeren M, et al. A GARCH forecasting model to predict day-ahead electricity prices
[J]. IEEE Trans on Power Systems, 2005, 20(2): 867-874. [17] &M, LA, XpGkE. JETRE 4 AGR
BEAAFR B BN 555707 ZE A REAE VAl H AT H 0 i R A T BUAC[3]. sBLMBER, 2008, 32(17):
23-28. Yu Fan, Shen Jiong, Liu Xichui. Comparative research on application of autoregressive
conditional heteroskedasticity family model based on distributional assumption conditions in evaluation
of risk at value of day-ahead electricity market[J]. Power System Technology, 2008, 32(17): 23-28
(in Chinese). [18] #fahAy, WG, WEHM, 5. FET/ANBNT ST SCE RN SAT 77 ZE R (R 0T AR 71
M1, HEMEAR, 2008, 32(16): 96-100. Xie Pinjie, Tan Zhongfu, Shang Jincheng, et al. Short-
term electricity price forecasting based on wavelet transform and generalized autoregressive
conditional heteroskedasticity model[J]. Power System Technology, 2008, 32(16): 96-100(in
Chinese). [19] &MWL, VLM, XIPHRE. FeT A EAZAE T2 - B ALk R 2o i) H AT br A i o],
M A, 2008, 32(8): 63-66. Yu Fan, Shen Jiong, Liu Xichui. Day-ahead marginal price forecasting
based on autoregressive conditional heteroskedasticity-back propagation network model[J]. Power
System Technology, 2008, 32(8): 63-66(in Chinese). [20] Ranjbar M, Soleymani S, Sadati N, et
al. Electricity price forecasting using artificial neural network[C]. Power Electronics, Drives and Energy
Systems, New Delhi, 2006. [21] XuY Y, Hsieh R, LuY L, et al. Forecasting electricity market
prices: a neural network based approach[C]. IEEE International Joint Conference on Neural
Networks, Budapest, 2004. [22] Rashidi-Nejad M, Gharaveisi A A, Khajehzadeh A, et al.
Electricity price forecasting using WaveNet[C]. Large Engineering Systems Conference on Power
Engineering, Halifax, 2006. [23] Mandal P, Senjyu T, Uezato K, et al. Several-hours-ahead
electricity price and load forecasting using neural networks[C]. IEEE Power Engineering Society
General Meeting, San Francisco, 2005. [24] Azevedo F, Vale Z A. Forecasting electricity prices with
historical statistical information using neural networks and clustering techniques [C]. IEEE Power
Systems Conference and Exposition, Atlanta, 2006. [25] Amjady N. Day-ahead price forecasting of
electricity markets by a new fuzzy neural network[J]. IEEE Trans on Power Systems, 2006, 21(2):
887-896. [26] Gujarati D N. & HF#[M]. b5T: FEARKZEBA, 2000: 427-433. [27] Engle
R F. Autoregressive conditional heteroscedasticity with estimates of the variance of United Kingdom
inflation [J]. Econometrica, 1982, 50(4): 987-1007. [28] Karsaz A, Mashhadi H R, Eshraghnia R.
Cooperative co-evolutionary approach to electricity load and price forecasting in deregulated electricity
markets[C]. IEEE Power India Conference, New Delhi, 2006. [29] PJM. PJM locational marginal
pricing[EB/OL]. [2006-05-01]. http:// www.pjm.com/pub/account/Impgen/Imppost.html. [30]
NEMMCO. NEM operational market data[EB/OL]. [2006-05- 01].
http://www.nemmco.com.au/data/market_data.htm. [31] XIPHEE, A0, Z525E. RGP BN LR
Fi ke B AR TIWI 9T [3]. T E AL TSR, 2009, 29(4): 72-77. Liu Xichui, Shen Jiong, Li Yiguo. Study
on probability distribution and model of system marginal price[J]. Proceedings of the CSEE, 2009, 29
(4): 72-77(in Chinese). [32] A%, KR 7, WHH, 5. TR N RGLER R FOTE 5T
[31. TEEMTESR, 2004, 24(11): 74-79. Zheng Hua, Zhang Lizi, Xie Li, et al. Study on the
probability model of system marginal price in electricity market[J]. Proceedings of the CSEE, 2004,



24(11): 74-79(in Chinese). [33] Jffe, WiHi, khi¥, . RGUBM AR AN SEUL T[], EH
HLLFE2A4R, 2006, 26(3): 43-47. Zheng Hua, Xie Li, Zhang Lizi, et al. Positivism analysis on the
probability distribution of system marginal price[J]. Proceedings of the CSEE, 2006, 26(3): 43-47(in
Chinese). [34] Hamilton J D. Time series analysis[M]. New Jersey: Princeton University Press,
1994: 53-59.

ESLHOES Ve

1. SR ERE HEbK AT BRI A mii [a]. kiR, 2009,33(17): 185-190
R KSR WAL TR TR LTS B B A TII]. M ER, 2009,33(7): 71-76
. CHERI I | FED T TR (0 SO R LA TSR [T]. A E R, 2008,32(26): 206-208

2
3

4. FECARJE WL TR S B G AR P 2 I 45 [ e LR U] F B2 R, 2007,31(19): 69-73

5. ZEZRIEIX] SEPE S MR 5T A AR SR 1 AL H AR B[], M ECR, 2007,31
(18): 15-18

6. MILA MRS | T2 AR A A A T0 A v [3]. AR, 2006,30(23): 83-87

7. WA RS E [ e | e A R gl BTN T S T A BIA S AR R R AR B ], v M
ik, 2008,32(16): 96-100

8. FLXAE AL THRZE I HME IE I AR (AR T AR 2R [J]. H 2R, 2008,32(8): 68-71

9. FEHAE| T AR T 4ER T ) BT R T I A AR T v 3] BB, 2007,31(Supp):
92-94

10. ZREZRIGEIX) SE N S| A4 2 LS AN AR S 1)) SO A [ 4 Sy 22 E i A SIS B[] R ROA,
2007,31(22): 44-48

11. XA FIRFE ZRZRIGE /NS BT A2 L&A AR AR B (0 T LB B VA At ey 2 RS2 A e A Y0 o (9 S FH [9] . R D 4
A, 2009,33(18): 99-104

12. W 208k THRde EIEE ZR00 iR, 1EE AR FREIOR A AN AR 1) S 28 100 28 7 o S v AN Tl v 1 R ]
MM A, 2010,34(1): 98-106

Copyright by FLME A



