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VEE Time Series Student Project

Cigar Consumption in the United States
Introduction
"There are two things a man never forgets - his first love and his first cigar."
-- John Bain

I have a profound love for enjoying the pleasures of cigar smoking. I find the experience relaxing and overall good for my health. Unfortunately, the United States Office of the Surgeon General disagrees with me. In 1964 the Office of the Surgeon General released a report titled “Smoking and Health: Report of the Advisory Committee of the Surgeon General of the Public Health Service”1. According to the Centers for Disease Control and Prevention2, the report concluded that cigarette smoking is 1) a cause of lung cancer and laryngeal cancer in men, 2) a probable cause of lung cancer in women, and 3) the most important cause of chronic bronchitis. While focusing on cigarette smoking, the release of the report led to a dramatic shift in the national perception of all types of tobacco smoking and cast the practice in a largely negative light. My goal here is to look at the impact this report had on cigar consumption in the United States in the year’s following the release of the report and how the previous year’s cigar consumption correlates with the current year’s cigar consumption. I’ve chosen to only look at consumption data starting with the release of this report until 1995, when the initial release of the popular magazine Cigar Aficionado led to what is now know as the 1990’s cigar boom. I performed three time series models - AR(1), AR(2) and AR(3), in order to test what cigar consumption would have been if it were not for the release of Cigar Aficionado and the cigar boom of the mid 1990’s.
Model Specification

For my model I looked at US cigar consumption per US resident in order to control for the impact of population growth over the period studied. I collected my cigar consumption data from the USDA website3 and my population data from the US Census Bureau website4.
Here is a graph of cigar consumption per US resident from 1964 – 1995:
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As you can see by the graph, cigar consumption saw a steady decline from 1964 to 1995, most likely due to the release of the surgeon general’s report on smoking and health. The average annual decrease throughout 1964 to 1995 is approximately 1.2 cigars per person per year. 
To be able to distinguish what time series best fits the data we will need to analyze the data specifics. One such item would be seasonality.  Seasonality is when uniform time periods display similar patterns. This is mostly seen with monthly data, the best example being monthly average temperatures.  A month’s average temperature can be related to that month’s average temperature from the previous year, thus displaying seasonal patterns. Because I am using annual data and the data trends in only one direction, we can assume that seasonality is not a factor. 

We then need to look at a correlogram to determine stationarity. The following correlogram illustrates the autocorrelations of cigar consumption in the United States:
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Please see the attached Excel file for the autocorrelation calculations used for the above graph.

The autocorrelations for a stationary series should drop quickly (at least geometrically) to zero.  The correlogram above shows that the autocorrelations for this time series initially decrease as lag increases until lag 11 but not geometrically.  After lag 11, the autocorrelations increase as lag increases. For a stationary series, autocorrelations should move to zero as lag increases, which this does. Based on these autocorrelation values, it does not appear that cigar consumption is a stationary series. 
First Differences
Our next step is to test the first differences of the data to determine stationarity. Below is a graph showing the first difference of our cigar consumption data:
[image: image3.png]First Difference





The first differences average at -1.22 year, which is the same as the average annual decrease in years throughout 1964 to 1995. Below is a correlogram of the the autocorrelations of the first differences:
[image: image4.emf]Sample Autocorrelation of First Differences
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Please see the attached Excel file for the autocorrelation calculations used for the above graph.

The autocorrelations of the first differences exhibit what seems to be an extension of the autocorrelations of the raw cigar consumption data.  The autocorrelations decrease quickly but then waver back and forth around zero and then approach zero as the lag increases. This is still not enough evidence to show that our data is stationary.
Second Differences
Finally, we test the second differences for stationarity. The second differences are defined by the following formula: 
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 . Below is a graph of the second differences:

[image: image6.emf]Second Difference

-2.5

-2.0

-1.5

-1.0

-0.5

0.0

0.5

1.0

1.5

19661968197019721974197619781980198219841986

1988 1990 1992 1994 


The second differences appear to oscillate around a zero mean and thus appear to be a stationary series. Below is a correlogram for the autocorrelations of the second differences:
[image: image7.emf]Sample Autocorrelation of Second Differences
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The above correlogram shows the autocorrelations oscillating around zero with decreasing amplitudes.  This continues to suggest that the second differences are stationary. Since the autocorrelations are non-zero values for some time, it suggests the process could be autoregressive in nature. Given these observations, it is somewhat likely the time series can be described by an AR(p) model. The general formula for an AR(p) model is:
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Below are the results of the three time series models I performed on the cigar consumption data. The models relate consumption data for a particular year to consumption from the previous one year for AR(1), previous two years for AR(2), and previous three years for AR(3).
AR(1) Model
For p = 1, 
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[image: image10.wmf]SUMMARY OUTPUT

Regression Statistics

Multiple R

0.997652513

R Square

0.995310537

Adjusted R Square

0.995148831

Standard Error

0.85956396

Observations

31

ANOVA

df

SS

MS

F

Significance F

Regression

1

4547.679736

4547.6797

6155.0768

2.5075E-35

Residual

29

21.42665586

0.7388502

Total

30

4569.106392

Coefficients

Standard Error

t Stat

P-value

Lower 95%

Upper 95%

Lower 95.0%

Upper 95.0%

Intercept

-0.13064318

0.323563821

-0.4037633

0.6893488

-0.79240549

0.53111913

-0.7924055

0.53111913

X Variable 1

0.953359589

0.012151783

78.454298

2.5075E-35

0.9285064

0.97821278

0.9285064

0.97821278


Below, the model is graphed along with the actual data.
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AR(2) Model
For p = 2, 
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[image: image13.wmf]SUMMARY OUTPUT

Regression Statistics

Multiple R

0.998379994

R Square

0.996762612

Adjusted R Square

0.996522806

Standard Error

0.697333145

Observations

30

ANOVA

df

SS

MS

F

Significance F

Regression

2

4042.419593

2021.21

4156.529

2.441E-34

Residual

27

13.12938489

0.486274

Total

29

4055.548978

Coefficients

Standard Error

t Stat

P-value

Lower 95%

Upper 95%

Lower 95.0%

Upper 95.0%

Intercept

0.044546409

0.275795764

0.16152

0.872887

-0.5213397

0.6104326

-0.5213397

0.6104326

X Variable 1

1.587086764

0.157635733

10.06806

1.23E-10

1.263645

1.9105286

1.263645

1.9105286

X Variable 2

-0.60597333

0.15127115

-4.005875

0.000436

-0.9163561

-0.2955906

-0.9163561

-0.2955906


Below, the model is graphed along with the actual data.
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AR(3) Model
For p = 3, 
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[image: image16.wmf]SUMMARY OUTPUT

Regression Statistics

Multiple R

0.998207493

R Square

0.996418199

Adjusted R Square

0.995988383

Standard Error

0.719100834

Observations

29

ANOVA

df

SS

MS

F

Significance F

Regression

3

3596.331822

1198.777

2318.243

1.09433E-30

Residual

25

12.92765023

0.517106

Total

28

3609.259472

Coefficients

Standard Error

t Stat

P-value

Lower 95%

Upper 95%

Lower 95.0%

Upper 95.0%

Intercept

0.061440192

0.301339121

0.203891

0.84009

-0.55917934

0.68205972

-0.5591793

0.68205972

X Variable 1

1.641056312

0.201491482

8.144544

1.69E-08

1.226076841

2.05603578

1.22607684

2.05603578

X Variable 2

-0.729314539

0.354557165

-2.056973

0.050265

-1.45953868

0.0009096

-1.4595387

0.0009096

X Variable 3

0.067076056

0.198652693

0.337655

0.738442

-0.34205682

0.47620893

-0.3420568

0.47620893


Below, the model is graphed along with the actual data.
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Discussion
Now that we have our three models we will need to test and determine the goodness of fit of each model in order to determine which model is the most appropriate. To do this, we can look at the R-Squared values, Box-Pierce Q Statistic and the Durbin-Watson Statistic.  Below are these statistics:
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Durbin-Watson

AR(1)

0.995310537

448.2776669

0.743715371

AR(2)

0.996762612

75.92085627

1.858013352

AR(3)

0.996418199

86.45806063

1.986262109


The R-squared values measures the percentage of the data explained by the model.  The R-squared values for all three models are very high.  The high R-squared values for all three models mean that almost 100% of the variability in the cigar consumption in the US year to year is explained by the models. However, AR(2) has the highest R-squared value and therefore is the most preferred model according to the R-squared statistic.
The Box-Pierce test is used to test if the residuals are a white noise process.  You can find the statistics calculated in the Excel worksheets on pages “AR(1)”-“AR(3)” in column K.  The statistics are based on this formula: 
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. If the Q statistic is greater than the Chi-squared value for a distribution with s degrees of freedom then it may be possible that the residuals of the model are not a white noise process. The Chi-squared values are in the Excel worksheet in column L. But for all three models, the Q statistic is below the critical Chi-squared value for a 10% significance level, so we can accept the null hypothesis that the residuals are a white noise process. Therefore, all three models are acceptable according to the Box-Pierce test.
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The Durbin-Watson statistic measures the autocorrelation of the residuals for a model. You can find the statistics calculated in the Excel worksheets on pages “AR(1)”-“AR(3)” in column G.  The statistics are based on this formula: 
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.  If the D-W statistic is greater than or equal to 2 then it would infer that there is no autocorrelation between the residuals and the residuals are a white noise process. Considerable autocorrelation between the residuals could mean that they do not follow a white noise process and that the model is not suitable for the actual data. The AR(2) and AR(3) D-W statistics are close to 2 while the AR(1) model D-W statistic is less than 1. Therefore, the AR(2) and AR(3) models would be preferred to AR(1) according to the Durbin-Watson test.  However, the D-W statistics for AR(2) and AR(3) are less than 2 but greater than 1.8, which means they may or may not be a white noise process. This conclusion combined with the Box-Pierce test results shows that we cannot reject they hypothesis that the residuals are a white noise process. And since AR(3) has the highest D-W statistic then that test would say it is the most preferred model.  
Conclusion

As shown above, one model is not the most preferred based on all three tests that determines the best fit for the data. But since all three models have very high R-squared statistics then we can ignore that test. And since none of the models were rejected by the Box-Pierce test then we can ignore that test as well. So our choice for the best fit model then comes down to the Durbin-Watson statistic, and we have already decided AR(3) is the preferred model according to that particular statistic. Therefore, I believe AR(3) to be the best fit model for cigar consumption in the US. 
Assuming the AR(3) model to the most appropriate, below is a graph showing where cigar consumption would have been through 1999 if Cigar Aficianado had not been released compared to the actual 1996-1999 data.
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As you can see, Cigar Aficianado has been very good for the cigar industry.
References

1 – http://profiles.nlm.nih.gov/NN/B/B/M/Q/ 
2 – http://www.cdc.gov/tobacco/data_statistics/sgr/history/index.htm 
3 – http://usda.mannlib.cornell.edu/MannUsda/viewDocumentInfo.do?documentID=1392
4 – http://www.census.gov/population/estimates/nation/popclockest.txt
Page 1 of 9

_1362897375.unknown

_1362912065.unknown

_1362912095.unknown

_1357729110.unknown

_1362855751.unknown

_1357729111.unknown

_1357729106.unknown

