
FORECASTING ELECTRICITY CONSUMPTION WITH MARKOV SWITCHING AUTOREGRESSIVE MODEL
Gülsüm Akarsu, Ondokuz Mayıs University, 00903623121919-6030, gulsum.akarsu@omu.edu.tr
Overview


The planning for supply, demand, transmission, distribution is essential for the well-planned development of the electricity sector. Rhys (1984) points out that forecasts of future electricity requirements affect management decisions in a number of areas such as capital investment in generation, transmission and distribution, operational decisions related to plant availability requirements, purchasing decisions on fuel, tariffs and revenue calculations and marketing and manpower issues. Feinberg and Genethliou (2005), also mention the importance of accurate electricity consumption forecasting for energy suppliers, ISOs, financial institutions and other participants in electric energy generation, transmission, distribution and markets; and classify the forecasting into three sets according to the period considered as short-term forecasting (hourly, daily or weekly), medium-term forecasting (monthly, quarterly) and long-term forecasting (yearly or periods including more than one year). According to Feinberg and Genethliou (2005),  forecasts for different time periods are important for different operations within a utility company. They illustrate this argument such that short term load forecasting can be useful for estimating load flows and taking decisions to prevent overloading; and this will lead to the improvement of network reliability and reduce the occurrences of equipment failures and blackouts; on the other hand, long term forecasts are much more important in a deregulated market for decisions on capital expenditures.

In this study, our main aim is to compare the forecasting performance of the two models, Autoregressive Moving Average Model and  Markov Switching Autoregressive Model by using monthly electricity consumption data covering the period from 1986 to 2013 for Turkey and obtain forecasts for the years between 2014 and 2018. Up to our knowledge, there is not any study for Turkey employing Markov Switching Autoregressive Model for electricity consumption forecasting. 

For Turkey, there are various forecasting studies for electricity demand employing different methods. One study performed by Bakırtaş, Karbuz and Bildirici (2000) forecasts electricity demand considering the years between 1997 and 2010 and utilizing univariate ARMA process. Hamzaçebi and Kutay (2004) forecast long-term electricity consumption employing Artificial Neural Network technique, time series analysis and regression methods beginning from 2004 and until 2010. In their study, Yumurtacı and Asmaz (2004)  investigate the portion of energy required in the year 2050 that can be generated by hydropower and thermal power stations for Turkey. They project the electricity energy demand over the period 1980-2050 by population increase and energy consumption increase rates per capita. Öztürk and Ceylan (2005) and Öztürk et al. (2005) employ genetic algorithm approach to estimate and to forecast the total and industrial sector electricity consumption under high and low growth scenarios using socio-economic indicators as gross national product, population, import and export variables. On the other hand, Akay and Atak (2006) model and forecast total and industrial electricity consumption for Turkey with the help of Grey prediction with rolling mechanism approach. Another study by Hamzaçebi (2006) uses Artificial Neural Network technique to forecast the sectoral net electricity consumption  until 2020.  In order to project optimum investment for the electricity energy supply of Turkey, Tunç et al. (2006) propose a linear optimization model and forecast electricity demand for the period 2004-2020 using curve fitting. Erdoğdu (2007) also performs electricity demand forecasting for Turkey but by employing Autoregressive Integrated Moving Average model using quarterly time series data over the period from 1984 to 2004. Recently, Bilgili (2009) forecast the electricity consumption under low and high scenarios by linear and nonlinear regressions and Artificial Neural Network technique until 2012. Lastly, in Turkey, for capacity projections, TEİAŞ (Electricity Transmission Company) employs low and high electricity demand forecasts obtained from MNER (Ministry of Energy and Natural Resources). However, among many other studies, Erdoğdu (2007), Ediger and Tatlıdil (2002), Madlener et al. (2005), Hamzaçebi (2006), and Akay and Atak (2006), critize the  MENR’s projections based on Model for Analysis of Energy Demand (MAED) module of Energy and Power Evaluation Program (ENPEP) as it overestimates electricity demand. The organization of the paper will be as follows; after this brief introduction, in the second section, we discuss the methodological issues. Section 3 presents the results and lastly, we conclude. 
Methods


In the literature, in order to forecast electricity demand, different methods have been employed. Rhys (1984) summarizes these techniques into three groups, as statistical interpretation and projection of past trends, methods that are based on examination through econometric analysis of fundamental economic factors believed to determine energy demand and electricity consumption and the analysis based on detailed research into the nature of energy use. Also, Feinberg and Genethliou (2005) list the methods used as follows; end-use model, econometric approach and combination of these two methods used for medium- and long-term forecasting and similar day approach, various regression models, time series, neural networks, statistical learning algorithms, fuzzy logic and expert systems employed for short-term forecasting. 

This study uses Markov-Switching AR Model introduced by Hamilton (1989, 1990) which is one of the model employed in nonlinear time series analysis. In order to forecast the electricity consumption, we consider different types of Markov-Switching AR models, such as, MSI(m)-AR(p), MSIH(m)-AR(p), MSIA(m)-AR(p) and MSIAH(m)-AR(p) models, for two and three regimes (m=2,3). Maximum AR order is taken as 13.  The models are estimated by using EM algorithm. Model selection is based on information criteria (AIC, SIC, HQIC), specification tests, ergodicity and irreducibility of transition probabilities matrix. The forecasting performance of this nonlinear model is compared with ARMA model (linear model) selected based on Box-Jenkins Methodology. We estimate the models for the periods between 1986:03 and 2008:12 and compare their forecasting performances for the period from 2009:01 to 2013:12. We also compare the forecasted value of electricity consumption with the actual data. Further, we forecast for the period from 2014:01 to 2018:12. In the next section, we illustrate the results.
Results

We use monthly electricity consumption data over the period from 1986 to 2013 obtained from TEİAŞ. Before analysis, we correct for seasonality by Tramo/Seats and to ensure the stationarity of the series, we continue with the logarithmic first differences of the series. We compare the forecasting performance of the two models, MSIAH(2)-AR(12) (nonlinear model) and ARMA((1,3,12,13),(1,12,13)) (linear model). Table 1 shows the results. According to the Table, linear model outperforms the nonlinear model. If we pool the forecasts obtained from these two models, we improve the forecasting performance. Figure 1 shows the monthly forecasts for the years between 2014 and 2018 . For year 2014, if we compare with the actual data, we can observe that the forecasts are higher than the actual value.
Table 1. Comparison of Forecasting Performance for the period between 2009:01-2013:12

	Evaluation Criterion
	AR(1,3,12,13)-MA(1,12,13)
	MSIAH(2)-AR(12)
	Pooled Forecast  (weights= 0.95, 0.05)

	Root Mean Squared Error
	0.023862
	0.077622
	0.023811

	Mean Absolute Error
	0.018539
	0.053994
	0.01853

	Mean Absolute Percentage  Error
	150.9478
	677.0591
	150.264

	Theil Inequality Coefficient 
	0.649513
	0.749968
	0.479201


Figure 1. Forecasts for the period between 2014:01 to 2018:12
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Conclusions


In this study, we forecast the monthly electricity consumption using nonlinear time series techniques. Results show that linear model outperforms the nonlinear model. We forecast the electricity consumption for the period between 2014 and 2018 using linear model and pooling the forecast obtained from linear and nonlinear model. We find that annual forecast values are higher than the actual values for 2014. In our analysis, we only consider the lags values of the electricity consumption in our model.  Results illustrate that electricity consumption may not follow  its past pattern. There can be other important economic and technological factors that can affect the electricity demand. As a result of technological improvement, energy efficiency and autoproduction can  decrease the electricity consumption requirements.  Therefore, while projecting the future electricity consumption, we need to consider the other factors that can affect the electricity demand. 
