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Time Series Student Project: Estimated Motor Vehicle Theft Rates

Every year, the FBI publishes a variety of crime statistics. Among these statistics is the annual rate of motor vehicle theft per 100,000 residents.  This report will attempt to characterize this time series. The raw time series is presented below.

[image: image1.emf]Estimated motor vehicle theft rate

0

100

200

300

400

500

600

700

196019631966196919721975197819811984198719901993199619992002200520082011


Initial inspection suggests that this time series may be stationary – there appears to be drift around a mean. Autocorrelation and partial autocorrelation functions are presented below:

[image: image2.emf]Autocorrelation Function
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The gradual decay suggests an AR model may be appropriate.  Also, autocorrelations do approach zero rapidly and quickly lose statistical significance, so a stationary model is justified and consideration of first differences is not required. Equation 6.1.11 was used to calculate a 95% confidence interval to determine statistical significance. Partial autocorrelations are presented below. Error bounds are calculated as 2/√N.
[image: image3.emf]Partial Autocorrelation Function
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As can be seen, the first autocorrelation is very near statistical significance. As such, an AR(1) model appears to be a reasonable first approach to fitting this data. Regression results are presented below:
[image: image4.emf]SUMMARY OUTPUT

Regression Statistics

Multiple R 0.972862316

R Square 0.946461085

Adjusted R Square 0.945390307

Standard Error 28.47980445

Observations 52

ANOVA

df SS MS F Significance F

Regression 1 716930.7492 716930.7492 883.900138 1.89889E-33

Residual 50 40554.96308 811.0992615

Total 51 757485.7123

Coefficients Standard Error t Stat P-value

Intercept 18.18946284 14.4124737 1.262063905 0.212781222

X1 0.959729302 0.032281013 29.73045809 1.89889E-33

Lower 95% Upper 95% Lower 95.0% Upper 95.0%

Intercept -10.75884196 47.13776764 -10.75884196 47.13776764

X1 0.89489098 1.024567623 0.89489098 1.024567623


The model predicted is: 
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. We can review the model by examining residuals. Standardized residuals are as follows:
[image: image6.emf]AR(1) Standardized Residuals
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This appears to be a bad fit for the data. There are a lot of recurring highly significant grouped residuals. These residuals suggest a ARMA(1,1) model may be a better fit for the data.

Using a Method of Moments estimate, we find the following model:
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Reviewing residuals again, we can see the fit has been markedly improved, though the shapes that appear correlated at period 23-29 and 45-51 are hardly ideal.

[image: image8.emf]ARMA(1,1) Residuals
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We can further evaluate the model by creating a Q-Q plot of the residuals: [image: image9.emf]Q-Q Plot of ARMA(1,1) Residuals
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This is what we would expect from a standard normal set of residuals so we will accept the model. The plot of estimated vs actual values is as follows:
[image: image10.emf]Estimated v. Actual Motor Vehicle Thefts
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Residual autocorrelations are presented below:

[image: image11.emf]ARMA(1,1) Residual ACF
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There may be room for improvement based on high autocorrelation of residuals, specifically, the addition of an additional AR term may be helpful. We will accept the ARMA(1,1) model. A forecast has been prepared for the next 5 years:
[image: image12.emf]Motor Vehicle Theft Rate Forecast
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Overall, the model fit is acceptable, but as noted, based on the residual correlogram, there may be room for improvement.
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