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Oil Prices

Introduction

My goal for this project is to model the prices of a barrel of oil using West Texas Intermediate prices.  I looked at initial data as well as the first differenced and the log first differences.  Several time series models using ARIMA techniques, including AR(1), AR(2), AR(3), and MA(1) were analyzed to see which models best fit oil prices, which I will talk about below.

Data

I used data for the last 30 years which can be obtained from many different online sources tracking oil prices.  The source I used can be found at the following internet address: http://www.indexmundi.com/commodities/?commodity=crude-oil-west-texas-intermediate&months=360.  The graph below shows the pure data I obtained from the previous site.
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The series must be stationary prior to fitting an ARIMA model.  I will now look at the sample autocorrelation to determine the stationarity of the data.
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After looking at this graph, I would say that the series is not stationary since the lag does not reach zero until around lag 90 and then fluctuates below zero before moving back up towards zero.  Due to this I then looked at first differences and log first differences.
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As well as their corresponding correlograms.
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Both the first difference and the log first difference do seem to be stationary, as shown in their correlograms going quickly to zero and then oscillating in decreasing amount.  It seems that the first difference has less fluctuation, so that is the choice I originally went with, although I did test the log first difference as well and deemed the first difference a better fit.  Since I am assuming the first difference is a stationary process I am going to test AR(1), AR(2), and AR(3) models.
Model Parameterization
As stated above I am going to try to describe oil prices using an autoregressive model (AR(p)), using p = 1,2, and 3.  Since we are looking at the first difference this is equivalent to ARIMA(p,1,0) models.

Using Excel’s regression data analysis add-in, the three autoregressive models produced the following parameters:

· AR(1):

Yt = .0955 + .4132Yt-1 = εt
· AR(2):

Yt = .0815 + .3733Yt-1 + .0991Yt-2 + εt
· AR(3):

Yt = .0890 + .3819Yt-1 + .1315Yt-2 + -.0847Yt-3 + εt
I will next summarize some of the results from the auto regression.  We can see that the sum of coefficients for each is less than 1, suggesting the models are stationary.  The Durbin-Watson statistic is around 2 for each, suggesting no serial correlation.  Also, the Box-Pierce Q statistics are below to Chi-Squared critical value and therefore we cannot reject the null hypothesis that the residuals are formed by a white noise process.  
	 
	Sum of Coefficients
	R-Squared
	Adjusted R-Squared
	Durbin-Watson Statistic
	Box - Peirce Q Statistic
	Chi - Squared 10%

	AR(1)
	0.4132
	0.1699
	0.1675
	2.0798
	146.8567
	389.5476

	AR(2)
	0.4724
	0.1779
	0.1733
	1.9824
	144.8478
	388.4994

	AR(3)
	0.4286
	0.1835
	0.1766
	2.0187
	146.2119
	387.4512


Model Selection

The AR(2) and AR(3) are definitely better than the AR(1) model.  The AR(3) is slightly better, but does not produce a much better R-Squared value and has a higher Box-Pierce Q Statistic.  Since we try to go with a less complicated model whenever possible, I have decided to choose the AR(2) model.

Yt = .0815 + .3733Yt-1 + .0991Yt-2 + εt
​Lastly I will compare the actual prices of West Texas Intermediate oil versus the one period ahead forecast produced by the AR(2) model.
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Conclusion
Although the R-Squared value is fairly low for the AR(2) model which I have decided to use, I feel the model does a decent job of fitting to the actual time series.  There are many other factors that are involved in the prices of oil such as the strength of the global economy.  I feel that a much better model could be produced using other regressors, but given knowing just the prior price of oil, I feel this model fits the data fairly well.
