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Abstract:

 The electricity consumption and economic growth are highly correlated. The financial crisis in 2008 brought a negative effect on China’s economic growth, which also influenced the electricity consumption. The electricity demand of North China region was also greatly influenced by this financial crisis, the whole social electricity consumption growth rate of which decreased by 14.31% in 2008 compared to that in 2007. In order to analyze the random impulse effect of the financial crisis on the demand of electricity in North China, the monthly data is decomposed into deterministic trend, stochastic impact effect, and periodic trend using the Beveridge-Nelson decomposition method. After comparatively analyzing the impulse effect of the financial crisis on electricity consumption of six provinces in North China, we can draw the conclusions: (1) the electricity consumption of the whole society and the secondary industry are under larger negative impacts, and the random impulse effect of the secondary industry is more intense; and (2) the impact of the financial crisis on the tertiary industry, which is mainly influenced by seasonal changes, is smaller. Finally, some policy implications are proposed.
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1. Introduction


With the outbreak and spread of the international financial crisis in 2008, the emergence of many issues, such as the reduction of international orders and the frustration of investment and trading confidence, has caused a great negative impact on the real economy of China [1,2,3]. It can be obviously seen from the reduction of external demand, the falling of total import and export, and the decline of economic growth rate, which also led to the reduction of energy consumption [4]. During the Twelfth Five Year Plan period, the proportion of North China’s GDP accounted for 25% of the whole country. The economic growth and electricity demand of North China are affected by the financial crisis to a great extent. As can be seen from Figure 1, the growth rate of GDP and electricity consumption of North China in 2008 dropped significantly, which were 2.83% and 14.31%, respectively. It also implied that the electricity demand had much greater fluctuation than GDP, which may be more sensitive to the impact of the financial crisis. Therefore, the impulse effect of financial crisis on electricity consumption is studied in this paper.


Figure 1. The trend of the growth rate of GDP and electricity consumption in North China between 2000 and 2010.
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Modern econometrics considers that if the time series is generated by the non-stable unit root process, it can be decomposed into deterministic trend, periodic trend, and random impact components [5]. The deterministic trend is that the time series grow stably with time, the periodic trend refers to the periodic change of the time series, and the random impact component is the impulse effect of the stochastic factors that are unpredictable.



To realize data decomposition for the first order differential stationary time series, Beveridge and Nelson firstly proposed the Beveridge-Nelson decomposition method in which they proved that the output data with the first order co-integration features can be decomposed into the sum of the permanent and transitory components. The permanent component especially consists of the deterministic trend and the stochastic trend, and the transitory component has a stationary process with a mean value of zero, namely the periodic component [5,6,7,8]. Considering that the trend term and periodic term in the Beveridge-Nelson decomposition method were difficult to be effectively calculated under the condition of infinite sum, some scholars have studied and expanded the computation principles of Beveridge-Nelson decomposition. Stock et al. [9] extended the linear univariate condition in the Beveridge-Nelson decomposition method to a multivariate condition. Newbold [10], Arino and Newbold [11] proposed an effective computation framework for single variables and multi-variables of the Beveridge-Nelson decomposition method, respectively. Beyaert and Medina [12] extended the multi-variable Beveridge-Nelson decomposition method under the condition of first order co-integration proposed by Arino and Newbold, and drew the conclusion that the Beveridge-Nelson decomposition method was also applied to the VEC (Vector Error Correction) model under stationary conditions. Morley [13] used the state space method to put forward a generalized computation framework for the Beveridge-Nelson decomposition method, which was suitable for the ARIMA (Auto Regressive Integrated Moving Average Model) time series model including all single variables and vectors. Clarida et al. [14] extended the Beveridge-Nelson decomposition method to the nonlinear process of single variables and multi variables. The presence and development of the Beveridge-Nelson decomposition method have caused it to be widely used in analyzing the random impulse effect of economic time series. Typically, Gustavo [15] employed the Beveridge-Nelson decomposition method to analyze the occurrence of terrorist attacks. Wang et al. [16] used the Beveridge-Nelson decomposition method to decompose the trend of GDP in China and obtained some valuable conclusions.



A lot of literature shows that GDP contains deterministic trends, periodic components, and random trends [16,17,18]. As the electricity consumption has a high correlation with GDP [19,20,21,22,23,24,25], the development trends of them are similar. Therefore, Beveridge-Nelson decomposition technology can also be employed to analyze the growth tendency of electricity consumption. In accordance with the Beveridge-Nelson decomposition method, the electricity consumption of North China can be decomposed into deterministic trends, random impact components, and periodic trends in this paper. The random impact components mainly include international financial crisis, various kinds of natural disasters, and other external uncertainty factors. Within the range of January 2006 and December 2010, which is the data sample investigated in this paper, the external uncertainty factor can mainly be reflected by the international financial crisis in 2008. Therefore, the random impulse effect can effectively represent the impact of international financial crisis on electricity consumption in 2008.



On the basis of this, the Beveridge-Nelson decomposition method is employed to decompose the electricity consumption of the whole society, the secondary industry, and the tertiary industry in North China into deterministic trends, periodic trends and random impact components. Therefore, the impact of the financial crisis on electricity demand can be determined through analyzing the changes of the random impact components. With the aim of further analyzing the influence of financial crisis on electricity consumption in different provinces of the North China region, the Beveridge-Nelson decomposition method is also employed to decompose the monthly electricity consumption data of the whole society, the secondary industry, and the service sector of six provinces in the North China region, which are Beijing, Tianjin, Hebei, Shanxi, Shandong, and Inner Mongolia from January 2006 to December. 2010. Meanwhile, the decomposition results will be comparatively analyzed.



The remainder of this study is as follows. The basic theory of Beveridge-Nelson decomposition process is introduced in Section 2. Section 3 illustrates the characteristics of electricity consumption in North China and analyzes the decomposition results of electricity demand. A comparative analysis of the impact effect of electricity demand in six provinces of North China is given in Section 4. Section 5 draws the conclusions and puts forward some policy implications.




2. Beveridge-Nelson Decomposition Method


In accordance with the Beveridge-Nelson decomposition method and its computational framework, it is necessary to determine whether the time series is first order stationary before data decomposition. Under the condition that the time series satisfies the first order difference, the concrete steps of the Beveridge-Nelson decomposition method are as follows.



Set the natural logarithm value of the electricity consumption in North China as lnQ under the first order stationary condition according to the Wold theorem:
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(1)




where [image: there is no content], Qt is the electricity consumption at time t, μ is the long term mean of [image: there is no content], εt~[image: there is no content] (i.i.d. means independently and identically distribute), t represents time period, and λi is the coefficient. The expected value of Equation (1) is:
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(2)




where E means the calculation process of expected value of each variable.



As [image: there is no content] is the natural logarithm value of electricity consumption, its first order difference is the growth rate of electricity consumption. According to Equation (2), the mean value of the growth rate of electricity consumption is long-term growth rate. On the basis of the Beveridge-Nelson decomposition theorem, the deterministic trend term DTt can be decomposed as:
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(3)




where DTt is the deterministic trend term at time t, and lnQ0 is the initial value of the natural logarithm value of electricity consumption.



Additionally, lnQt is defined as the forecast value based on the information of current period. Morley [15] pointed out that this time series can be most accurately predicted by employing a stationary univariate AR (Auto Regressive) Equation (1) model for its first differences [16], namely:
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(4)




where φ can be obtained by AR Equation (1) model, and [image: there is no content]. By taking into account the implied Wold form from AR Equation (1) model, under the assumption of normality, the minimum mean squared error (MMSE) of j-period ahead prediction of the first difference of ΔlnQt is:
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(5)







In accordance with the decomposition definition of Beveridge and Nelson [4], Tt, the total trend term of time series, is defined as the MMSE prediction of the long-run level of the series. It is equivalent to the present level of the series plus the infinite sum of the MMSE of j-period ahead first difference forecasts:
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(6)




where Tt represents the total trend term of time series.



Thus, substituting Equation (5) into (6), and using the infinite summation formula of geometric progression, the total trend term of lnQt for the case AR Equation (1) can be obtained, namely:
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(7)







Meanwhile, the periodic term of lnQt can be decomposed as:
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(8)




where Ct represents the periodic trend term at time t.



The random impulse term can be calculated with the Equations (3), (7) and (8):
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(9)




where STt represents the random trend term at time t.



Therefore, the deterministic trend term, the periodic term, and the random impulse term of electricity consumption in North China during January 2006 and December 2010 can be obtained according to the above calculation steps.




3. Beveridge-Nelson Decomposition of Electricity Consumption in North China


3.1. Characteristics of Electricity Consumption in North China


As can be seen from Figure 2, the electricity consumption growth trends of the secondary industry and the whole society were much more consistent, which presented the fluctuating and ascending trend between January 2006 and December 2010. However, from the second half of 2008, the electricity consumption of the whole society and the secondary industry dropped sharply, and the level of electricity demand suffered downturns for nearly one year, which indicated that there may exist not only a deterministic growth trend, but also the impulse of the international financial crisis. As illustrated in Figure 3, the electricity demand of the service sector was mainly affected by the seasonal factors, which showed a cyclical fluctuation in growth, while the international financial crisis had less effect on it.


Figure 2. Monthly electricity consumption of the whole society and the secondary industry in North China between 2006 and 2010.
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Figure 3. Monthly electricity consumption of the tertiary industry in North China between 2006 and 2010.
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With the aim of analyzing the impact of the financial crisis on the electricity consumption of the whole society, the secondary industry, and the service sector, the Beveridge-Nelson decomposition method is employed to comparatively analyze the deterministic trend, periodic component, and the random trend. According to the basic principles of the Beveridge-Nelson decomposition method, we firstly need to examine whether the logarithmic sequence of these three time series are generated by I (1) (first order co-integration ) process, and ADF (Augmented Dickey-Fuller) method is used to carry out the unit root test. From the test results listed in Table 1, the time series of the electricity consumption of the whole society, the secondary industry, and the service sector are the first order co-integration, which satisfy the requirement of the Beveridge-Nelson decomposition method that the time series is I (1). Under the condition of first order co-integration, the Beveridge-Nelson decomposition method is the best method for the economic time series [6]. Therefore, Equations (3), (8), and (9) are used to decompose these three time series, and then the deterministic trend, periodic component, and random trend can be obtained.


Table 1. The Augmented Dickey-Fuller (ADF) test results of the electricity consumption of the whole society, the secondary industry, and the service sector.


	Sequence
	Test Form (C, T, K)
	ADF Test Value
	p Value
	Conclusion





	lnQ
	(N, N, 1)
	−1.698081
	0.4267
	Unstable



	ΔlnQ
	(N, N, 0)
	−7.674302
	0.0000
	stable



	lnQ2
	(N, N, 0)
	−2.752988
	0.0714
	Unstable



	ΔlnQ2
	(N, N, 1)
	−8.025463
	0.0000
	stable



	lnQ3
	(N, N, 1)
	−1.347871
	0.8637
	Unstable



	ΔlnQ3
	(N, N, 1)
	−6.955164
	0.0000
	stable










3.2. Decomposition Results of Electricity Consumption in North China


Based on the Beveridge-Nelson decomposition method, the decomposition results of electricity consumption of the whole society, the secondary industry, and the service sector can be obtained as follows. The decomposition results of electricity consumption of the whole society and the secondary industry from January 2008 to December 2009 are shown in Table 2 and Table 3.


Table 2. The decomposition results of social electricity consumption from January 2008 to December 2009.


	Period
	Qt Total Trend
	DTt Deterministic Trend
	DTt/Qt
	Ct Periodic Trend
	Ct/Qt
	STt Random Trend
	STt/Qt





	01/2008
	15.83542
	15.69362
	99.1046%
	−0.01484
	−0.0937%
	0.156638
	0.9892%



	02/2008
	15.64844
	15.70293
	100.3482%
	−0.03952
	−0.2526%
	−0.01496
	−0.0956%



	03/2008
	15.82743
	15.71223
	99.2722%
	0.037833
	0.2390%
	0.077362
	0.4888%



	04/2008
	15.81998
	15.72154
	99.3777%
	−0.00157
	−0.0099%
	0.100019
	0.6322%



	05/2008
	15.8427
	15.73084
	99.2939%
	0.004802
	0.0303%
	0.107057
	0.6757%



	06/2008
	15.82288
	15.74015
	99.4771%
	−0.00419
	−0.0265%
	0.086925
	0.5494%



	07/2008
	15.86584
	15.74945
	99.2664%
	0.00908
	0.0572%
	0.107306
	0.6763%



	08/2008
	15.83842
	15.75876
	99.4970%
	−0.0058
	−0.0366%
	0.085457
	0.5396%



	09/2008
	15.74509
	15.76806
	100.1459%
	−0.01973
	−0.1253%
	−0.00324
	−0.0206%



	10/2008
	15.68372
	15.77737
	100.5971%
	−0.01297
	−0.0827%
	−0.08068
	−0.5144%



	11/2008
	15.66274
	15.78667
	100.7913%
	−0.00444
	−0.0283%
	−0.1195
	−0.7630%



	12/2008
	15.78602
	15.79598
	100.0631%
	0.026059
	0.1651%
	−0.03602
	−0.2282%



	01/2009
	15.68448
	15.80528
	100.7702%
	−0.02146
	−0.1368%
	−0.09934
	−0.6334%



	02/2009
	15.67104
	15.81459
	100.9160%
	−0.00284
	−0.0181%
	−0.14071
	−0.8979%



	03/2009
	15.79085
	15.82389
	100.2093%
	0.025325
	0.1604%
	−0.05837
	−0.3696%



	04/2009
	15.77092
	15.8332
	100.3949%
	−0.00421
	−0.0267%
	−0.05807
	−0.3682%



	05/2009
	15.80468
	15.8425
	100.2393%
	0.007138
	0.0452%
	−0.04496
	−0.2844%



	06/2009
	15.84055
	15.85181
	100.0711%
	0.007581
	0.0479%
	−0.01884
	−0.1189%



	07/2009
	15.92454
	15.86111
	99.6017%
	0.017753
	0.1115%
	0.045672
	0.2868%



	08/2009
	15.93152
	15.87042
	99.6165%
	0.001476
	0.0093%
	0.059628
	0.3743%



	09/2009
	15.84164
	15.87972
	100.2404%
	−0.019
	−0.1199%
	−0.01908
	−0.1204%



	10/2009
	15.85326
	15.88903
	100.2256%
	0.002456
	0.0155%
	−0.03822
	−0.2411%



	11/2009
	15.93537
	15.89833
	99.7676%
	0.017355
	0.1089%
	0.019681
	0.1235%



	12/2009
	16.01179
	15.90764
	99.3495%
	0.016155
	0.1009%
	0.088001
	0.5496%








Table 3. The decomposition results of the secondary industry electricity consumption from January 2008 to December 2009.


	Period
	Qt Total Trend
	DTt Deterministic Trend
	DTt/Qt
	Ct Periodic Trend
	Ct/Qt
	STt Random Trend
	STt/Qt





	01/2008
	15.58746
	15.41682
	98.9053%
	−0.02091
	−0.1342%
	0.191548
	1.2289%



	02/2008
	15.37151
	15.42642
	100.3572%
	−0.05005
	−0.3256%
	−0.00485
	−0.0316%



	03/2008
	15.57899
	15.43602
	99.0823%
	0.048093
	0.3087%
	0.094881
	0.6090%



	04/2008
	15.57793
	15.44562
	99.1506%
	−0.00025
	−0.0016%
	0.132558
	0.8509%



	05/2008
	15.62869
	15.45522
	98.8900%
	0.011766
	0.0753%
	0.161707
	1.0347%



	06/2008
	15.59291
	15.46482
	99.1786%
	−0.0083
	−0.0532%
	0.136381
	0.8746%



	07/2008
	15.61819
	15.47442
	99.0795%
	0.005861
	0.0375%
	0.137908
	0.8830%



	08/2008
	15.56379
	15.48402
	99.4875%
	−0.01261
	−0.0810%
	0.092378
	0.5935%



	09/2008
	15.46383
	15.49362
	100.1927%
	−0.02317
	−0.1498%
	−0.00662
	−0.0428%



	10/2008
	15.43179
	15.50322
	100.4629%
	−0.00743
	−0.0481%
	−0.06401
	−0.4148%



	11/2008
	15.39145
	15.51282
	100.7886%
	−0.00935
	−0.0607%
	−0.11202
	−0.7278%



	12/2008
	15.51629
	15.52242
	100.0395%
	0.028937
	0.1865%
	−0.03507
	−0.2260%



	10/2009
	15.3789
	15.53202
	100.9957%
	−0.03185
	−0.2071%
	−0.12128
	−0.7886%



	02/2009
	15.35502
	15.54162
	101.2152%
	−0.00553
	−0.0360%
	−0.18107
	−1.1792%



	03/2009
	15.51456
	15.55123
	100.2363%
	0.036979
	0.2383%
	−0.07365
	−0.4747%



	04/2009
	15.49893
	15.56083
	100.3994%
	−0.00362
	−0.0234%
	−0.05827
	−0.3760%



	05/2009
	15.55093
	15.57043
	100.1254%
	0.012054
	0.0775%
	−0.03155
	−0.2029%



	06/2009
	15.57935
	15.58003
	100.0043%
	0.006588
	0.0423%
	−0.00726
	−0.0466%



	07/2009
	15.643
	15.58963
	99.6588%
	0.014754
	0.0943%
	0.038622
	0.2469%



	08/2009
	15.64738
	15.59923
	99.6922%
	0.001015
	0.0065%
	0.04714
	0.3013%



	09/2009
	15.56322
	15.60883
	100.2931%
	−0.01951
	−0.1254%
	−0.0261
	−0.1677%



	10/2009
	15.61777
	15.61843
	100.0042%
	0.012645
	0.0810%
	−0.0133
	−0.0852%



	11/2009
	15.68746
	15.62803
	99.6212%
	0.016154
	0.1030%
	0.043277
	0.2759%



	12/2009
	15.74709
	15.63763
	99.3049%
	0.013822
	0.0878%
	0.095638
	0.6073%









(1) The electricity consumption growths of the whole society and the secondary industry in North China were mainly influenced by the deterministic trend between 2006 and 2010. In spite of the negative impact of the international financial crisis, the electricity demand still sustained a low-speed growth.



Since 2006, the monthly growth rates of the whole society and the secondary industry electricity consumption were, respectively, 1.31% and 1.42%, and the growth rates of deterministic trend were 0.93% and 0.96%, respectively. As can be seen from the decomposition results, the impact of the financial crisis on the electricity consumption of the whole society and the secondary industry began to manifest clearly from July 2008, and gradually weakened in June 2009. From the perspective of data decomposition, although the electricity consumption of North China was influenced by various kinds of external uncertainty factors, such as economic development and natural environment, the growth of the deterministic trend which was the major driving force of the electricity consumption growth made the electricity demand maintain superior anti-interference ability.



Since the second half of 2008, the electricity consumption of the whole society and the secondary industry had negative growth under the impact of financial crisis. From July 2008 to June 2009, the growth rate of deterministic trend were 1.31% and 0.96%, respectively, while the growth rate of electricity consumption of the whole society and the secondary industry were 0.39% and 0.23%, respectively. Precisely due to the existence of the high growth rate of the deterministic trend, the electricity consumption of the whole society and the secondary industry can still achieve positive growth at low speed.



(2) During the period of financial crisis, the electricity consumption of the whole society and the secondary industry were under great negative shocks, and the random impact of the secondary industry was more intense.



Owing to the existence of random shocks, the value of the deterministic trend may be greater or less than that of the whole society, which means the proportion of the deterministic trend in the electricity consumption may be greater or less than 100%. When the proportion is greater than 100%, it indicates the electricity demand is under negative random impact which will decrease the growth of electricity consumption. When the proportion is less than 100%, it indicates the electricity demand is under positive random impact which is conducive to the growth of electricity demand.



From January 2006 to September 2008, the proportion of deterministic trend of the whole society and the secondary industry were both less than 100%, which indicates that the random impact contributes to the electricity consumption growth. From September 2008, the proportion of deterministic trend of the whole society and the secondary industry were both greater than 100%, which implies that the financial crisis reduces the demand for electricity.



As can be seen from Figure 4, from 2006 to the first half of 2008, although the random impacts of the whole society and the secondary industry showed large fluctuations, most of the values were above 0, and the average value were 0.082 and 0.114, respectively, and the proportion were 0.52% and 0.73%, respectively. It states clearly that the random impacts on the electricity consumption of the whole society and the secondary industry are positive and are conduced to the growth of electricity demand. However, from September 2008, the random impacts of the whole society and the secondary industry appeared to be negative values. For example, in February 2009, the values were −0.141 and −0.181, respectively, and the proportions were −0.898% and −1.179%, respectively. These imply that the financial crisis makes the electricity consumption of the whole society and the secondary industry decrease by 569.53 million and 570.08 million kWh, respectively. Overall, in the period of July 2008 to June 2009, the electricity demands of the whole society and the secondary industry in North China went through greatly negative shocks brought by the financial crisis. Specifically, the monthly average impulse values of the whole society and the secondary industry were, respectively, −0.0389 and −0.3838, and the proportions were, respectively, −0.247% and −0.248%, which indicate that the electricity consumption reduced by 173.41 million and 132.58 million kWh, respectively. Therefore, the electricity consumption of the whole society and the secondary industry experienced great negative shocks, and the random impact of the secondary industry was more intense.


Figure 4. The random impact effect of electricity consumption of the whole society and the secondary industry in North China.
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With the recovery of the economy, the demand for electricity in North China was gradually getting rid of the impact of the financial crisis. From March 2009, the negative impacts of financial crisis on the whole society and the secondary industry reduced slightly. Specifically, the random impact value of social electricity consumption declined from −0.1407 in February 2009 to −0.0188 in June 2009, and the proportion dropped from −0.8979% to −0.1189%.



(3) The impact of financial crisis on the service sector was smaller, while the seasonal change was the main driving force of the electricity demand in this sector.



As can be seen from Figure 5, the random impact value of the tertiary industry electricity consumption show the cyclical changes of a “W” shape. In the period of financial crisis, there was no obvious change of the random impact of the tertiary industry. However, the random impact values of the tertiary industry were negative from July 2008 to June 2009, which imply that the influence of the financial crisis on the electricity demand of the tertiary industry was negative net impact and was not conducive to the growth of electricity consumption.


Figure 5. The random impact effect of the tertiary industry electricity consumption in North China.
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4. Comparative Analysis of the Impact of Financial Crisis on Electricity Demand in Six Provinces of North China


In order to further analyze the impact of financial crisis on electricity consumption in different provinces of the North China region, the Beveridge-Nelson decomposition method is also employed to decompose the monthly electricity consumption data of the whole society, the secondary industry, and the service sector of six provinces in North China which include Beijing, Tianjin, Hebei, Shanxi, Shandong, and Inner Mongolia from January 2006 to December 2010. The decomposition results are listed in Table 4.



Table 4. The growth rate of electricity consumption, deterministic trend, periodic trend, and random trend of the whole society, the secondary industry, and the service sector in six provinces from January 2006 to December 2010.



	
Provinces

	
Beijing

	
Tianjin

	
Hebei

	
Shanxi

	
Shandong

	
Inner Mongolia






	
The electricity consumption of the whole society

	
Growth rate

	
1.63%

	
1.65%

	
1.89%

	
1.37%

	
1.39%

	
1.21%




	
Deterministic trend

	
0.65%

	
1.02%

	
1.19%

	
0.76%

	
0.91%

	
0.86%




	
Periodic trend

	
2.66%

	
0.16%

	
0.14%

	
0.13%

	
0.17%

	
−0.04%




	
Random trend

	
7.78%

	
0.43%

	
0.37%

	
0.47%

	
0.27%

	
0.25%




	
The electricity consumption of the secondary industry

	
Growth rate

	
4.44%

	
1.51%

	
2.09%

	
1.50%

	
1.56%

	
1.23%




	
Deterministic trend

	
0.52%

	
1.04%

	
1.30%

	
0.76%

	
0.94%

	
0.83%




	
Periodic trend

	
0.20%

	
0.12%

	
0.19%

	
0.17%

	
0.20%

	
−0.04%




	
Random trend

	
0.34%

	
0.36%

	
0.36%

	
0.52%

	
0.34%

	
0.27%




	
The electricity consumption of the service sector

	
Growth rate

	
1.62%

	
1.76%

	
1.44%

	
1.11%

	
1.62%

	
1.95%




	
Deterministic trend

	
0.99%

	
0.95%

	
0.74%

	
0.60%

	
0.99%

	
1.51%




	
Periodic trend

	
0.41%

	
−0.05%

	
−0.05%

	
0.04%

	
−0.04%

	
0.03%




	
Random trend

	
7.66%

	
1.34%

	
0.95%

	
0.53%

	
1.13%

	
0.35%










By comparing the decomposition results, we can draw the conclusions as follows.



(1) The electricity demands of the whole society and the secondary industry in six provinces were mainly affected by the deterministic trend and sustained prominent anti-interference ability.



As can be seen from Table 4, the change of the deterministic trend was the main driving force for the rapid growth of the electricity consumption of the whole society and the secondary industry in six provinces. It also indicates that, although the electricity consumption of six provinces were influenced by various kinds of external uncertainty factors, the steady growth of the deterministic trend made the electricity consumption of the whole society and the secondary industry have strong abilities to resist the negative random impact, and then realize higher growth.



(2) During the period of financial crisis, the electricity consumption of the whole society and the secondary industry in six provinces were under great negative impacts, and the random impact of the secondary industry was more intense.



The negative impact of the financial crisis on the electricity consumption of the whole society and the secondary industry of six provinces can be reflected by random shocks values and their proportions, which can be seen from Table 5.



Table 5. The proportions of deterministic trend, periodic trend, and random trend of the whole society and the secondary industry in six provinces of North China under the financial crisis shocks.



	
Provinces

	
Beijing

	
Tianjin

	
Hebei

	
Shanxi

	
Shandong

	
Inner Mongolia






	
The electricity consumption of the whole society

	
Deterministic trend

	
101.43%

	
100.86%

	
100.19%

	
100.76%

	
100.44%

	
100.81%




	
Periodic trend

	
0.18%

	
−0.03%

	
−0.10%

	
−0.01%

	
−0.01%

	
−0.38%




	
Random trend

	
−1.61%

	
−0.83%

	
−0.09%

	
−0.75%

	
−0.43%

	
−0.43%




	
The electricity consumption of the secondary industry

	
Deterministic trend

	
100.22%

	
100.99%

	
100.24%

	
100.83%

	
100.52%

	
100.92%




	
Periodic trend

	
−0.01%

	
−0.03%

	
−0.12%

	
−0.0007%

	
−0.01%

	
−0.55%




	
Random trend

	
−0.21%

	
−0.96%

	
−0.12%

	
−0.83%

	
−0.51%

	
−0.37%










From January 2006 to the beginning of 2008, although the random impacts of the electricity consumption of the whole society and the secondary industry in six provinces showed large fluctuations, most of the random impact values were more than 0. However, under the impact of the financial crisis, the random impact values were less than 0 for several months, and the proportions that the random impact values accounted for the electricity consumption of the whole society and the secondary industry sustained negative values.



From August 2008 to June 2009, the electricity consumption of the whole society and the secondary industry in Beijing city were under great negative impact of financial crisis. The monthly average impact value were, respectively, −0.2118 and −0.3624, and the average proportions were, respectively, −1.61% and −0.21%, which indicate the average monthly electricity consumption reduced 92.45 million and 4.82 million kWh, respectively.



From February 2008 to May 2009, the electricity consumption of the whole society and the secondary industry in Tianjin city were under great negative impact of financial crisis. The monthly average impact value were, respectively, −0.107 and −0.115, and the average proportions were respectively −0.83% and −0.96%, which imply that the average monthly electricity consumption reduced 34.98 million and 29.39 million kWh, respectively.



From June 2008 to October 2008, the electricity consumption of the whole society and the secondary industry in Hebei province were under great negative impact of the financial crisis. The monthly average impact value were, respectively, −0.0129 and −0.0167, and the average proportions were, respectively, −0.09% and −0.12%, which mean the average monthly electricity consumption reduced 15.53 million and 15.58 million kWh, respectively.



From October 2008 to April 2009, the electricity consumption of the whole society and the secondary industry in Shandong province were under great negative impact from the financial crisis. The monthly average impact value were, respectively, −0.0621 and −0.0601, and the average proportions were, respectively, −0.43% and −0.51%, which indicate the average monthly electricity consumption reduced 93.92 million and 86.68 million kWh, respectively.



From October 2008 to November 2009, the electricity consumption of the whole society and the secondary industry in Shanxi province were under great negative impact of financial crisis. The monthly average impact value were, respectively, −0.104 and −0.113, and the average proportions were, respectively, −0.75% and −0.83%, which mean the average monthly electricity consumption reduced 77.10 million and 70.35 million kWh, respectively.



In November 2008, the electricity consumption of the whole society and the secondary industry in Inner Mongolia Autonomous Region were under great negative impact from the financial crisis. The monthly impact value were, respectively, −0.0577 and −0.0494, and the proportions were, respectively, −0.43% and −0.37%, which indicate that the average monthly electricity consumption reduced 31.19 million and 22.76 million kWh, respectively.



(3) The impacts of financial crisis on the service sector of six provinces were smaller, while the random impacts were primarily affected by the seasonal changes.



As can be seen from Figure 6, the random impact value of the tertiary industry electricity consumption in six provinces showed the cyclical changes of a “W” shape due to the influences of seasonal factors. In the period that the electricity demand of the whole society and the secondary industry were under huge impacts, there were no obvious changes of the random impacts of the tertiary industry in six provinces. The impact of financial crisis on the tertiary industry was weak and did not change the cyclical fluctuation trend of random component. Therefore, the impact of financial crisis on the service sector was inferior to that on the whole society and the secondary industry.


Figure 6. The random impact effect of the tertiary industry electricity consumption in six provinces of North China.
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5. Conclusions


Based on the monthly electricity consumption data of the whole society, the secondary industry, and the service sector from January 2006 to December 2010 of North China, the Beveridge-Nelson decomposition method is employed to obtain deterministic trends, periodic components, and random impact items to analyze the shock effect of the international financial crisis on electricity demand. The conclusions are as follows:

	(1)

	
The electricity consumption of the whole society and the secondary industry in North China had strong anti-interference abilities. Due to the existence of the deterministic trend, although the electricity demand was hit by different kinds of external uncertainty factors, it could still achieve a relatively stable growth.




	(2)

	
The electricity demand of six provinces were under great shock of the financial crisis, and the random impulse effect of the secondary industry performed more intensely.




	(3)

	
Since the second half of 2009, the impact of the financial crisis on electricity demand in North China was gradually weakened. The random impact of the social electricity consumption in North China reduced from −0.1407 in February 2009 to −0.0188 in June 2009, and the proportion declined from −0.8979% to −0.1189%. The electricity demand of six provinces gradually recovered.




	(4)

	
The impact of financial crisis on the service sector in North China was smaller, while the random impact was mainly influenced by the seasonal changes.









According to our numerical analysis, it can be seen that the electric power industry, as the main leading sector of the national economy, was under great impact from the financial crisis. With the aim of actively defending the impact of the global economic crisis, the following recommendations are put forward:



(1) Encouraging the industrial enterprises to use more electricity energy, aiming to substitute for coal and natural gas, so that the proportion of electricity energy in the terminal energy consumption can be improved.



The empirical analysis indicates that the electricity consumption of the secondary industry were under great negative shocks. Therefore, it is necessary to improve the electricity demand of the second industry. At present, many industrial enterprises in North China directly use coal and natural gas as the production fuels, which result in the low proportion of electricity energy in the terminal energy consumption. However, the thermal efficiencies of coal and natural gas are low and the carbon emissions are high, which do not meet the national policies of sustainable development and carbon emission reduction. Taking Inner Mongolia as an example, in 2013, the proportion of electricity energy in the terminal energy consumption was only 2.17% which was far below the average level of China, and the proportion of coal and natural gas were 87.63% and 2.46%, respectively. Obviously, the substitution of electricity for coal and natural gas in Inner Mongolia is promising. Therefore, the local governments of North China should encourage the industrial enterprises to explore the way to use electricity for achieving the substitution of coal and natural gas.



(2) The rational electricity price system needs to be formed, and the local government should adopt certain measures to encourage the industrial enterprises to consume the electricity energy at off-peak time, and then reduce the production cost.



Affected by the financial crisis, the domestic demand has fallen, and the profits of enterprises have also declined. Facing this situation, cost saving has become the new target of the majority of enterprises. From the perspective of electricity consumption, the power sector should establish the reasonable price system, and the time-of-use price, peak and valley electricity price, and differential prices should be further implemented. The local government should make the best use of price leverage to regulate the local electricity demand, and promote the factories to produce at off-peak time, which can not only reduce the production cost, but also ensure the stability of power supply.



(3) The local governments of North China should constantly promote the implementation of industrial structure adjustment policy and increase the proportion of the output value of tertiary industry in GDP.



According to the empirical results, the impacts of financial crisis on the service sector of six provinces were small. The local government should actively implement the policy of industrial structure adjustment and vigorously develop the service sector. With the adjustment and optimization of industrial structure and the improvement of residents’ living standards, the proportion of the electricity consumption of the tertiary industry in total electricity consumption will keep rising, so that the tolerance for risk induced by the financial crisis could be enhanced.
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