The Time Series Analysis of the Natural Gas Consumption on Electricity Generation
Introduction

There have been a lot of arguments about the renewable energy. It is really necessary to analyze the current energy source. This report will focus on Natural gas used for electricity generation and (a limited amount of) useful thermal output by electric utilities and independent power producers. A proper ARIMA model will be developed to forecast the monthly natural gas consumption. The monthly consumption data from 1993 to 2010 will be used to construct the model and the data for 2011 will be used to validate the model. 
Data

The data was obtained directly from US Energy Information Administration, and can also be generated from the following website:

http://www.eia.gov/forecasts/steo/query/
The monthly number of the natural gas consumption for electricity was obtained and the data from 1993 to 2010 (216 months) will be used to build the model and data for 2011 will be used to validate the model. The actual data are plotted in Figure 1 and it shows an obvious seasonal cycle during the study period. 
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Stationary of the data
First of all, the data need to be checked to see if it is a stationary series. Adjustment will need to be made if the data is not stationary. To examine the stationary, the sample autocorrelation is plotted and is showed as in Figure 2. The detailed calculation can be found in the attached spreadsheet “Autocorrelation1” tab.
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Figure 2: Sample Autocorrelation Function


It can be easily seen from Figure 2 that the autocorrelation didn’t decline to zero immediately and it implies that the series of the data is not stationary. Based on the natural gas consumption data, it is apparent that the peak of the electricity usage is in the summer of each year. From various study reports of electricity load analysis, the electricity load curve will be following the temperature curve of each year. Therefore, the seasonality period of natural gas consumption/electricity load should be every twelve (12) months.
Seasonal Adjustment
Since there is a seasonal component to the series, we must make some adjustment to the series to remove the seasonality.  The series was then transformed by taking the first order differences between periods Y(t) and Y(t-12).  This transformed series was then analyzed to see if it is stationary. 
The detailed calculation is in the attached spreadsheet “Autocorrelation2” tab. Figure 3 below documents the autocorrelation for the transformed series, and it indicates that the transformed data is a stationary series because the autocorrelation function rapidly declines to zero, and remains near zero.
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Figure 3: Sample Autocorrelation after 

transformation


Model Estimation
The transformed series therefore can be described by autoregressive model with different orders (p = 1, 2, and 3) as below.
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where 
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 is the difference in observed sunpots between time t and t-10
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 is the order of auto-regression to be determined
Using Excel built-in regression to perform auto regression and the details can be found in the tabs “AR1”, “AR2”, and “AR3” in the attached Excel spreadsheet.
AR(1):
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AR(2):
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AR(3):
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Below is a summary table that compares the statistics between the three autoregressive models. 

[image: image22.emf]Regression Statistics AR(1) AR(2) AR(3)

Multiple R 0.734        0.729        0.729       

R Square 0.538        0.532        0.532       

Adjusted R Square 0.536        0.528        0.528       

Standard Error 1.862        1.850        1.850       

Regression Statistics Summary


Durbin-Watson Test

A Durbin-Watson statistic of 2 indicates no serial correlation. The following are the results for the three regressions:
	
	DWS

	AR(1)
	2.117

	AR(2)
	2.046

	AR(3)
	1.989


For the AR(2) and AR(3) models, the Durbin Watson Statistics are close to 2, and indicate no serial correlation among the residuals for the two regressions. 

Box-Pierce Q Statistic

The Box Pierce Q Statistic(BPQS) is used to test if the residuals are a white noise process.  The Box-Pierce Q statistic has a chi-squire distribution with K-p-q degrees of freedom. In this case, we compared the Box-Pierce Q statistic to a chi-squire distribution with 212 degrees of freedom. The detailed calculation can be found in the attached spreadsheet “AR2” tab. The calculated Box-Pierce Q statistics appear to be higher than the chi-squire distribution with 212 degrees of freedom. That means the model is not a white noise. 

Forecasting

To validate the model, we will forecast the number of observed gas consumption for each month in year 2011 and compare the predicted values with real observation. The results are demonstrated in the Figure 4.
Using the AR(2) model that has be built in the previous step:
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The forecasted value lines pretty well with the actual gas consumption in year 2011. This indicates that the AR(2) model can describe the monthly natural gas consumption for the study period and it could be considered to use in projecting near future natural gas consumptions.
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Conclusion

The monthly natural gas consumption for electricity model is examined to see if past data was able to predict future one.  Different auto-regression models with order 1, 2, and 3 are tested in this project.  Various statistics are calculated to test the significance of models to explain the data.  Due to principle of parsimony and the highest R2, the AR(2) model is recommended for this project. 
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