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Time Series

Passed Exam in Fall 2008

Introduction

The price of pizza, bagels and cakes has been increasing.  It is mainly due to the increase in flour.  For my project I will use historical bakery flour cost to create a model that could forecast future flour prices.

Data
The data I used came from the following website:

http://www.ers.usda.gov/Data/Wheat/Yearbook/WheatYearbookTable32-Full.htm
It contains the quarterly whole sale price of bakery flour per pound from June 1985 to November 2011.
Below is the graph of the quarterly prices from March 2002 to November 2011.
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Based on the graph you can see that price has fluctuated more over the latter five years.
The following is the graph of autocorrelation of the data.  It does not decrease to zero until lag 21-22.  Because it does not oscillate around zero either it does not show signs of being stationary.  Next we will look at the first differences of the data.
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Below is the chart illustrating the first differences.
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Below is the sample autocorrelation for the first differences:
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Test for Stationarity
The graph for the autocorrelation for first differences seems to illustrate better that this is a set of data with more stationarity.  If we use Bartlett’s test we can see the stationarity of the process.  The Z value is 1.96.  The standard deviation for a time series with 107 observations is 1/√106 = 9.71%.  The sample autocorrelation at a 90% confidence interval is 1.96 x 9.71%≈19.0%.  Only 4 out of the 106 values (3.8%) have an absolute value greater than 19.0%.  This means the time series is a white noise process; a stationary process.
Model
The following uses the Excel regression data analysis tool to fit the data to the AR(1), AR(2) and AR(3) models.  

AR(1)

Yt = 3.1456 + 0.7330 Yt-1
[image: image5.wmf]SUMMARY OUTPUT

Regression Statistics

Multiple R

0.722842874

R Square

0.522501821

Adjusted R Square

0.517865916

Standard Error

2.688252828

Observations

105

ANOVA

df

SS

MS

F

Regression

1

814.5045884

814.5045884

112.7076287

Residual

103

744.3504364

7.226703266

Total

104

1558.855025

Coefficients

Standard Error

t Stat

P-value

Intercept

3.145644727

0.83412299

3.771200126

0.000271387

X Variable 1

0.732957402

0.069040206

10.61638492

3.15329E-18
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AR(2)

Yt = 1.4371 + 0.3774 Yt-1 + 0.5099 Yt-2
[image: image7.wmf]SUMMARY OUTPUT

Regression Statistics

Multiple R

0.799831838

R Square

0.639730969

Adjusted R Square

0.632596929

Standard Error

2.352969466

Observations

104

ANOVA

df

SS

MS

F

Regression

2

992.9431875

496.4715938

89.67302531

Residual

101

559.1829961

5.536465308

Total

103

1552.126184

Coefficients

Standard Error

t Stat

P-value

Intercept

1.437145536

0.791936884

1.814722315

0.072534776

X Variable 1

0.377397049

0.086246782

4.375781204

2.95243E-05

X Variable 2

0.509924269

0.088529917

5.759909004

9.13416E-08
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AR(3)

Yt = 0.6909 + 0.1964 Yt-1 + 0.3907 Yt-2 + 0.3717 Yt-3
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Regression Statistics

Multiple R

0.827715408

R Square

0.685112797

Adjusted R Square

0.675570761

Standard Error

2.217091871

Observations

103

ANOVA

df

SS

MS

F

Regression

3

1058.789542

352.9298472

71.79943207

Residual

99

486.63414

4.915496363

Total

102

1545.423682

Coefficients

Standard Error

t Stat

P-value

Intercept

0.690858027

0.775348031

0.891029577

0.375073694

X Variable 1

0.196354044

0.093941955

2.090163493

0.039165505

X Variable 2

0.390661754

0.089042694

4.387353278

2.86976E-05

X Variable 3

0.371688173

0.097099274

3.82791916

0.000226559
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The sum of the coefficients is as follows for the three models:
	Model
	
	Sum of Coefficients

	AR(1)
	
	0.732957402

	AR(2)
	
	0.887321318

	AR(3)
	
	0.958703972


This shows that the three autoregressive models that we tested are stationary since the sum of the coefficients for each model is less than one.
Best Fit

Based on the three graphs each model seems to be okay for forecasting.  Based on the following table of R-Squared values for the three models you can see the R-Squared values improve as we look at AR(1) to AR(2) to AR(3).

	Model
	
	R-Squared Values

	AR(1)
	
	0.522501821

	AR(2)
	
	0.639730969

	AR(3)
	
	0.685112797


The following table lists the p-values. You can see they are virtually zero for AR(1) and AR(2), but are higher for AR(3). 
[image: image11.wmf]Model

P-Values

AR(1)

3.15329E-18

AR(2)

2.95243E-05

9.13416E-08

AR(3)

0.039165505

2.86976E-05

0.000227


Based on the R-Squared Values and the P-values we would say that the AR(2) model, 

Yt = 1.4371 + 0.3774 Yt-1 + 0.5099 Yt-2  

is best for forecasting the quarterly wholesale price of bakery flour.
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