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VEE – Time Series

Student Project – Summer 2011

Jet Fuel

Introduction

The goal for this project is to model the price of jet fuel per gallon.  I looked at the initial data as well as first differences and log first differences.  Several models including AR(1), AR(2), AR(3) were analyzed to see which model best fit jet fuel prices.

Data

I used monthly data from April 1990 to September 2011 (258 data points).  The source of the data is from the internet.  The address is http://www.indexmundi.com/commodities/?commodity=jet-fuel&months=360.  The graph of the raw data is shown below:
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Please see the tab “jet-fuel (Raw Data)” for the method to produce the graph. 
The series must be stationary before attempting to fit an ARIMA model.  Therefore, I will look at the sample autocorrelation to determine the stationarity of the data.
[image: image2.emf]Correlogram of Price
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Please refer to the “Correlogram” tab in Excel.  As we can see from the graph, the correlation does not reach 0 until around lag 75 (must reach 0 “quickly” which it clearly does not in this case).  Then it goes below 0 and levels out to zero at lag 255.  I will look at first differences and log first differences to see if these are stationary.
[image: image3.emf]First Difference of Price
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[image: image4.emf]First Difference of Ln(Price)
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And their corresponding correlograms:

[image: image5.emf]correlogram of 1st differences
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[image: image6.emf]correlogram of ln(1st differences)
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Refer to the following tabs for the 4 graphs above:
jet-fuel (1st diff)
jet-fuel (1st diff ln pc)
Correlogram (1st diff)
Correlogram (ln 1st diff)
Both 1st difference and log first difference appear stationary, as they both go to zero quickly and oscillate around zero and decrease oscillation as lag increases.  However since the 1st difference has considerably less oscillation than log first difference, that is the choice I will go with going forward.  I will graph the AR(1) and AR(2) models for the first differences of ln price at the end just for comparison’s sake.
Because I am assuming the first difference is a stationary process, I am going to test the AR(1), AR(2) and AR(3) models.

Parameterization of the Model
I will attempt to describe oil prices using an autoregressive model AR(1), AR(2) and AR(3).  Because we are looking at first differences, this is equivalent to ARIMA(1,1,0), ARIMA(2,1,0) and ARIMA(3,1,0) respectively.
Using Excel, (see tabs AR(1), AR(2) and AR(3))
AR(1)
[image: image7.png]Regression Statistics
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So the first equation is:

AR(1):
Yt = 0.208123Yt-1 + 0.007349 + et
[image: image9.emf]AR(1) of 1st diff of price
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AR(2):
[image: image10.png]Regression Statistics
Multiple R 0294504
R Square 0086732
Adjusted R Square | 007957
Standard Error 0.133289




[image: image11.png]Coefficients Standard Error |t Stat | P-value Lower 95% _Upper 95% Lower 95.0% Upper 95.0%
Intercept 0.005627  0.00833268 0.675267 0500118 0.01078]  0.022036422 0.0107823] 0.0220364
y_(t-1) 0164067 0.061194909 2.681056 0.007818 0.043565  0.284578764 0.04356621 0.2845788
021353 0061298608 3483444 0000582 0092814 0334246288 00928143 03342463





The second equation is:

AR(2):
Yt = 0.164067Yt-1 + 0.21353Yt-2 + 0.005627 + et
[image: image12.emf]AR(2) of 1st diff of price
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AR(3)

	Regression Statistics

	Multiple R
	0.30801

	R Square
	0.09487

	Adjusted R Square
	0.08418

	Standard Error
	0.132955


The third equation is:
AR(3):
Yt = 0.184301Yt-1 + 0.229121Yt-2 – 0.09469 + et
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	Table 
	Sum of Coefficients
	R-Squared
	Adjusted R-Squared
	Durbin-Watson Statistic

	AR(1)
	0.2081
	0.04327
	0.03954
	2.0882

	AR(2)
	0.3776
	0.08673
	0.07957
	1.9589

	AR(3)
	0.3187
	0.09487
	0.08418
	1.9967


For the sake of curiosity and completeness, I graphed the AR(1) of 1st diff of ln(price) refer to “jet-fuel(ln p) ARX” tab

[image: image14.emf]AR(1) of 1st diff ln(price)
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[image: image15.emf]AR(2) of 1st diff of ln(price)
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While the first difference of the log of the price offers a better graph than AR(1) of 1st difference of price, it’s definitely not better than the AR(2) of the 1st difference of price.  In addition the R Square is around 0.05 for both, which definitely makes them less attractive than the 1st difference AR(2) model.
Selection of Model:

Based on R-squared and Adjusted R-squared, AR(2) and AR(3) is much better than AR(1).  Durbin-Watson Statistic is all comparably around the desired 2 indicating no serial correlation.  The graphs are also very comparable between AR(2) and AR(3), so I will select AR(2) based on the Principle Of Parsimony which states given a choice of two almost equivalent model selection, select the simpler one:
AR(2):
Yt = 0.164067Yt-1 + 0.21353Yt-2 + 0.005627 + et
