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Time Series Analysis of electricity consumption in China
Introduction

I examined electricity consumption in China to see if past electrical energy was able to predict future electricity hiconsumption. Data of electricity consumption was obtained from National Bureau of Statistics of China (http://www.stats.gov.cn/). The time period is from 1998 to 2007.
Model Specification

The first step in determining the model is to graph the data to see if there are any noticeable patterns that would give any indication to an initial model to test. Below is the graph of the actual data:
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The graph indicates that this series has an increase trend and seasonally fluctuate. Then I calculated the autocorrelation of this series, which is shown in the below correlogram. The autocorrelation function shows that this series is non-stationary, since the sample autocorrelation of a stationary series should dampen to zero as the lag k approaches infinity.
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Taking logarithm and first difference, we can get series: ILEC=log (EC) – log (EC (-1)). The autocorrelation of this new series indicates a seasonality with k=12, which is shown in the below graph.
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Create new series by: SILEC=ILEC- ILEC (-12), which autocorrelation is shown below:
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Scalar m=@mean (SILEC) = -0.00146
Scalar s=@stdev(SILEC)*@sqrt((1+2*(-0.49))/@obs(SILEC)) =0.0015
So, it can conclude that the mean of the new series SILEC has no significant difference with 0 and we could use this series to construct ARMA model now.
Model Estimation and Diagnostic Checking
According to the autocorrelation and partial correlation of the series SILEC, we can make an initial guess that p=2 or p=3 and q=1. So, I structure the following five models and choose the most compatible one:

· Model 1: ARIMA (2, 1, 1) (1, 1, 1)12
· Model 2: ARIMA (3, 1, 1) (1, 1, 1)12
· Model 3: ARIMA (2, 1, 0) (1, 1, 1)12
· Model 4: ARIMA (3, 1, 0) (1, 1, 1)12
· Model 5: ARIMA (4, 1, 0) (1, 1, 1)12
Take model 4 for example to show the model estimation:
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The statistic results of estimation indicate that it is stationary. The following graph shows its forecast for 2007(m1:m12).
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Using the same method, I structure the other 4 models:

	Model
	(p,q)
	Coefficients of Structured Models

	
	
	AR(1)
	AR(2)
	AR(3)
	AR(4)
	MA(1)
	SAR(12)
	SMA(12)

	1
	(2,1)
	-0.23766 
	-0.20732 
	--
	--
	-0.68393 
	-0.19307 
	-0.89082 

	2
	(3,1)
	-0.24674 
	-0.21129 
	-0.06841 
	--
	-0.67027 
	-0.17085 
	-0.88817 

	3
	(2,0)
	-0.69064 
	-0.40212 
	--
	--
	--
	-0.23290 
	-0.92208 

	4
	(3,0)
	-0.79169 
	-0.53752 
	-0.25363 
	--
	--
	-0.24835 
	-0.91260 

	5
	(4,0)
	-0.84552 
	-0.67336 
	-0.41600 
	-0.17746 
	--
	-0.22564 
	-0.90682 


The following table outlines the adjusted R2, Akaike info criterion, Schwarz criterion, Durbin-Watson statistic, P-Q statistic and MAPE.
	Model
	(p,q)
	Adjust R2
	AIC
	SC
	Durbin-Watson statistic
	p-Q
	MAPE

	1
	(2,1)
	0.787 
	-3.380 
	-3.244 
	1.987 
	0.985 
	3.085 

	2
	(3,1)
	0.780 
	-3.355 
	-3.190 
	1.944 
	0.980 
	3.554 

	3
	(2,0)
	0.760 
	-3.271 
	-3.162 
	2.145 
	0.983 
	3.235 

	4
	(3,0)
	0.771 
	-3.325 
	-3.188 
	2.068 
	0.985 
	3.043 

	5
	(4,0)
	0.775 
	-3.327 
	-3.162 
	2.041 
	0.970 
	3.112 


The Q-statistic probabilities of residuals are quite high for all models, so we can accept that their residuals are independent. Since the first model has the highest adjust R2, the lowest AIC and SC, the D-W statistic most close to 2, it is the best choice of model for this series.
Model Evaluation

Using the selected model, we can forecast the electricity consumption of China in 2008:
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Below are the forecast values and the actual values of electricity consumption in China in 2008. From the comparison, we can conclude that the estimated model forecasted the actual electricity consumption value appropriately.
	Time
	Forecast value
	Actual value
	Forecast/Actual %

	2008m01
	2694.29 
	2680.10 
	99.47%

	2008m02
	2542.13 
	2489.18 
	97.92%

	2008m03
	2781.61 
	2881.99 
	103.61%

	2008m04
	2735.30 
	2858.49 
	104.50%

	2008m05
	2866.17 
	2972.17 
	103.70%

	2008m06
	2977.77 
	2921.26 
	98.10%


Conclusion

This project estimates time series model for electricity consumption based on data for historical electricity consumption of China between 1998 and 2007. This series has an increase trend and seasonally fluctuate. By taking logarithm and difference, I transfer the original series into a stationary time series. The finally estimated model is ARIMA (2, 1, 1) (1, 1, 1)12, which coefficients is:
	Model
	(p,q)
	Coefficients of Structured Models

	
	
	AR(1)
	AR(2)
	AR(3)
	AR(4)
	MA(1)
	SAR(12)
	SMA(12)

	1
	(2,1)
	-0.23766 
	-0.20732 
	--
	--
	-0.68393 
	-0.19307 
	-0.89082 


The model has an adjusted R2 of 0.787 indicating that 78.7% of the total variation in the electricity consumption can be explained by the model. The Durbin-Watson statistic is 1.987 which is extremely close to 2 indicating that there is no autocorrelation in the error terms. Besides, the Q-statistic probability of residuals is 0.985 indicating that the residuals of the model are quite independent. In addition, the ex post forecast performed on the data of 2007 indicating a good fit, which MAPE is 3.085.
Using the model, I forecasted the electricity consumption of China in 2008. Comparing with the actual value, the forecast value is about 97.8%~104.5% of the actual value. 
All in all, this model is rather appropriate to analyze the electricity consumption in China. But due to the influence of the Global Financial Crisis, the electricity consumption of 2009 in China might have significant decrease, causing deviation of the model.
