Time Series – Cheddar
Summer, 2013

Name: xxx-xxxxx, xx
I. Introduction 
Not long ago, I happened to see the news regarding the cheese which intrigues my interest; in Italy, cheese could be used as collateral in exchange for loan. Therefore, it is the first time for me to know there could be a cheese vault in bank, instead of the gold vault that people normally know. Therefore I decided to use time series approach to examine the historical cheese price.
II. Data Resources 
The data of cheese - “40 Pound Cheddar Block Price Averages” was downloaded from the Cheese Reporter website (http://www.cheesereporter.com/cheeseaverages.htm). And it was collected from Jan. 2001 to Sep. 2013; the monthly price averages are shown as below.
	Year
	Jan
	Feb
	March
	April
	May
	June
	July
	Aug
	Sep
	Oct
	Nov
	Dec

	2001
	1.0912 
	1.2184 
	1.3161 
	1.4180 
	1.6023 
	1.6599 
	1.6699 
	1.7126 
	1.7174 
	1.3346 
	1.2668 
	1.2567 

	2002
	1.3242 
	1.2076 
	1.2130 
	1.2448 
	1.2009 
	1.1299 
	1.0889 
	1.1575 
	1.2041 
	1.1950 
	1.0891 
	1.1322 

	2003
	1.1507 
	1.0920 
	1.0817 
	1.1225 
	1.1421 
	1.1864 
	1.5123 
	1.6000 
	1.6000 
	1.5876 
	1.3932 
	1.3383 

	2004
	1.3062 
	1.3958 
	1.8197 
	2.1687 
	1.9925 
	1.7105 
	1.4486 
	1.5734 
	1.5702 
	1.5170 
	1.6960 
	1.5923 

	2005
	1.6269 
	1.4929 
	1.5317 
	1.5413 
	1.4774 
	1.5065 
	1.5035 
	1.4249 
	1.5639 
	1.4470 
	1.3756 
	1.4224 

	2006
	1.3335 
	1.1989 
	1.1638 
	1.1651 
	1.1855 
	1.1924 
	1.1630 
	1.2354 
	1.2933 
	1.2347 
	1.3745 
	1.3223 

	2007
	1.3180 
	1.3408 
	1.3823 
	1.4628 
	1.7211 
	2.0100 
	1.9138 
	1.9554 
	1.9929 
	1.8957 
	2.0926 
	2.0083 

	2008
	1.8257 
	2.0023 
	1.8234 
	1.8826 
	2.0976 
	2.0350 
	1.9673 
	1.7398 
	1.8762 
	1.7963 
	1.7099 
	1.5132 

	2009
	1.0833 
	1.2171 
	1.2455 
	1.2045 
	1.1394 
	1.1353 
	1.1516 
	1.3471 
	1.3294 
	1.4709 
	1.5788 
	1.6503 

	2010
	1.4536 
	1.4526 
	1.2976 
	1.4182 
	1.4420 
	1.3961 
	1.5549 
	1.6367 
	1.7374 
	1.7246 
	1.4619 
	1.3807 

	2011
	1.5140 
	1.9064 
	1.8125 
	1.6036 
	1.6858 
	2.0995 
	2.1150 
	1.9725 
	1.7561 
	1.7231 
	1.8716 
	1.6170 

	2012
	1.5546 
	1.4793 
	1.5193 
	1.5039 
	1.5234 
	1.6313 
	1.6855 
	1.8262 
	1.9245 
	2.0757 
	1.9073 
	1.7448 

	2013
	1.6965 
	1.6420 
	1.6240 
	1.8225 
	1.8052 
	1.7140 
	1.7072 
	1.7492 
	1.7956 
	　
	　
	　


III. Time Series Analysis 

· Cheddar Price Averages (2001-2013) 
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From the above graph, we could tell that for the past 10 years, the minimum cheddar price is 1.082, the maximum price is 2.169, the average is 1.531 and the median is 1.514. Therefore, we could infer the price of cheddar is without discontinuity.
[image: image2.emf]Cheddar Price (by month)
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And the above plot, use month as x-axis label in order to analyze whether the price of cheddar would be influenced by the seasonality, and after reviewing the linearity, we could infer that there is no seasonality to the price of cheddar.
· Autocorrelation :
[image: image3.emf]Autocorrelation
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Use the function to calculate the correlation. 
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(with 5% significance limits for the autocorrelations)


After applying autocorrelation function to calculate the relationship between different time periods, we could tell from the graph that the Autocorrelation of Cheddar price eventually converges to zero (
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), besides the absolute value is smaller than one (
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). As a result, it shows that the price of Cheddar follows the stationary series.
· AR(1) - First Difference :
[image: image7.emf]Autocorrelation ( First Difference)
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· AR(2) - Second Difference :
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· AR(3) - Third Difference :
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From the above plots of AR(1), AR(2) and AR(3), we could tell for the last two graphs, AR(2) and AR(3), the values are closer to zero. And from the sample autocorrelation with 95% confidence intervals, the range is within the absolute value around 0.2. Therefore, we could infer from the graph that it is stable and stationary.
IV. Autocorrelation in Regression Analysis 
· AR(1):
From the result, we could conclude AR(1) : Yt = 0.8759 Yt-1 + 0.1945.
	ANOVA
	　
	　
	　
	　
	　
	　

	　
	df
	SS
	MS
	F
	Significance F
	　

	Regression
	1
	9.2081
	9.2081
	517.2118
	1.798E-50
	　

	Residual
	150
	2.6705
	0.0178
	
	
	　

	Total
	151
	11.8786
	
	
	
	　

	　
	　
	　
	　
	　
	　
	　

	　
	Coefficients
	Standard Error 
	t - Stat
	P-Value
	Lower 95%
	Upper 95%

	Intercept
	0.1945 
	0.0599 
	3.2478 
	0.0014 
	0.1945 
	0.0599 

	X Variable 1
	0.8759 
	0.0385 
	22.7423 
	0.0000 
	0.8759 
	0.0385 


· AR(2):
From the result, we could conclude AR(2) : Yt = 1.0676Yt-1 - 0.2137Yt-2 + 0.2268.
	ANOVA
	　
	　
	　
	　
	　
	　

	　
	df
	SS
	MS
	F
	Significance F
	　

	Regression
	2
	9.2357 
	4.6178 
	268.8095 
	5.361E-50
	　

	Residual
	148
	2.5425 
	0.0172 
	
	
	　

	Total
	150
	11.7781 
	　
	　
	　
	　

	　
	　
	　
	　
	　
	　
	　

	　
	Coefficients
	Standard Error 
	t - Stat
	P-Value
	Lower 95%
	Upper 95%

	Intercept
	0.2268 
	0.0610 
	3.7201 
	0.0003 
	0.1063 
	0.2268 

	X Variable 1
	1.0676 
	0.0803 
	13.2994 
	0.0000 
	0.9090 
	1.0676 

	X Variable 2
	-0.2137 
	0.0798 
	-2.6789 
	0.0082 
	-0.3714 
	-0.2137 


· AR(3):
From the result, we could conclude AR(3) : Yt = 1.0909Yt-1 - 0.3308Yt-2 + 0.1101Yt-3  + 0.2021.
	ANOVA
	　
	　
	　
	　
	　
	　

	　
	df
	SS
	MS
	F
	Significance F
	　

	Regression
	3
	9.2185 
	3.0728 
	178.6828 
	1.159E-48
	　

	Residual
	146
	2.5108 
	0.0172 
	
	
	　

	Total
	149
	11.7293 
	　
	　
	　
	　

	　
	　
	　
	　
	　
	　
	　

	　
	Coefficients
	Standard Error 
	t - Stat
	P-Value
	Lower 95%
	Upper 95%

	Intercept
	0.2021 
	0.0639 
	3.1638 
	0.0019 
	0.0759 
	0.2021 

	X Variable 1
	1.0909 
	0.0823 
	13.2527 
	0.0000 
	0.9282 
	1.0909 

	X Variable 2
	-0.3308 
	0.1190 
	-2.7802 
	0.0061 
	-0.5660 
	-0.3308 

	X Variable 3
	0.1101 
	0.0817 
	1.3470 
	0.1801 
	-0.0514 
	0.1101 


V. Conclusion 
	Model

Comparison :
	AR(1)
	AR(2)
	AR(3)

	Multiple R
	0.88045
	0.88551 
	0.88653 

	R Square
	0.77518
	0.78414 
	0.78594 

	Adjusted R Square
	0.77369
	0.78122 
	0.78154 

	Standard Error 
	0.13343
	0.13107 
	0.13114 


From the above comparison result, we could find that AR(3) has the highest Adjusted R Square, and AR(2) has the smallest standard error. To find the more appropriate model into application, we should put the feasibility and the level of difficulty into consideration, so I would suggest use AR(2) model, Yt = 1.0676Yt-1 - 0.2137Yt-2 + 0.2268, to predict the price of Cheddar. 
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