Project on ARIMA Modeling of Retail Car Sales

Summary. We examine the dynamics of demand build-up in the U.S. Auto Market from monthly real data between January 1992 and December 2007. Our main focus is the so-called demand build-up phenomenon. We use regression-seasonal ARIMA model and explore the stochastic demand build-up.  
1. Introduction 

The automotive industry is one of the most prominent economic sectors in the U.S. Economy. The size of the U.S. Auto market was over nine hundred billion dollars in 2007. Retail car sales occupy one-third of the total U.S. Manufacturing sales. In order to understand the U.S. Economy, it is important to see dynamics of the retail car sales over time. 

        It is often said that the demand of automobiles have some patterns in time series. The patterns can be associated with factors such as innovations in auto technology, manufacturers' rebates, political support, growth of the economy, etc. For example, a 2% increase in real GDP may cause a 5% increase in auto sales, while a recession may cause a large decline in auto sales. If sales are lower than expected in a given year, demand may build up during the year, and sales may be higher than expected in the following year. We call this pattern “demand build-up.”

       The “demand build-up” is considered to generate the moving average component in the ARIMA modeling of time series data due the random fluctuation of the different factors mentioned above. Our main goal is to find statistically significant evidence which supports this demand build-up, if any. In this student project, we shall study such stochastic demand build-up mechanism from the monthly U.S. Auto Market data from January 1992 to December 2007 through the regression-ARIMA modeling.
2. Data

      We downloaded the monthly sales data provided in “Retail.xls” from the course website. The time series data are from January 1992 to December 2007 (192 months, not seasonally adjusted). We focus on the Motor vehicle and parts dealers (NAICS 441: NSA: Millions of dollars), the New car dealers (NAICS 44111: NSA: Millions of dollars) and the Used car dealers (NAICS 44112: NSA: Millions of dollars). We also use the Consumer Price Index (All Urban Consumers CPI-U U.S. City average. All items 1982-84 = 100) provided by the U.S. Department of Labor, Bureau of Labor Statistics. In order to obtain the real-values from the nominal values, we utilize the monthly GDP (MGDP) index provided by Macroeconomic Advisers (http://www.macroadvisers.com/). This index is conceptually consistent with real Gross Domestic Product (GDP) in the NIPAs. (The consistency is derived from two sources.  Firstly, the MGDP is calculated using much of the same underlying monthly source data that is used in the calculation of GDP.  Secondly, the method of aggregation to arrive at MGDP is similar to that for official GDP.  Growth of MGDP at the monthly frequency is determined primarily by movements in the underlying monthly source data, and the growth of MGDP at the quarterly frequency is nearly identical to growth of real GDP.) The CPI and monthly GDP were added into the “Retail.xls” file. 

 3. Statistical Methods and Illustration
      We use the statistical software “R” to perform various statistical analysis of the time series data. The necessary source code is written in the attached file “Rcode” with some comments where we code it to examine trend and seasonality by the time series plot, correlogram (autocorrelation function, partial autocorrelation function), diagnosis plots with regression analysis (R-function “lm”) and ARIMA modeling (R-function “arima(...)”). 

(I) Motor vehicle and parts dealers

First we study the total sales of motor vehicle and parts dealers. Dividing the (nominal) total sales by the CPI, we get the real total sales. After comparing the time series plots of nominal and real total sales, we decided to study the real total sales. The autocorrelation function and the partial autocorrelation function of the real total sales are examined. 

(II) New car sales 

The amount of new car sales is an important component of the total sales. Dividing the (nominal) new car sales by the CPI, we get the real new car sales. After plotting the time series, we examine the trend, drift, the autocorrelation function, and the partial autocorrelation function. 

(III) Used car sales

The amount of used car sales is another important component of the total sales. Dividing the (nominal) used car sales by the CPI, we get the real used car sales. We repeat the same procedure as the analysis on the new car sales and compare results. 

(IV) Regression of used car sales on new car sales

In order to look at the relation between the used car sales and the new car sales, we regress the used car sales on the new car sales. The residual plot from this regression analysis is examined through the autocorrelation function, the partial autocorrelation function, and the ARIMA modeling. The diagnosis of this ARIMA modeling is also performed. 

(V) Regression of used car sales on GDP and new car sales

The effect of U.S. GDP should not be ignored. We regress the used car sales on GDP and New car sales. The residuals from the regression analysis are fitted in the ARIMA modeling with the diagnosis.  

4. Results

(I) Motor vehicle and parts dealers

 The mean and standard deviation of the (nominal) total sales are 60,509.18 and 14,013.71 in million dollars, respectively, while those of the real total sales are 349.60 and 51.5 in million dollars. The time series plots of nominal and real total sales are shown in the following figures. 
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The real total sales are slightly more stable than the nominal total sales. Both plots show that the total sales grew in the long-run. The autocorrelation function and the partial autocorrelation functions of the real total sales are shown in the following figures. 
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Both ACF and PACF plots show the existence of non-stationarity and non-trivial ARMA structure in the real total sales. Especially, the ACF peaks at the lag = 12 and the PACF hits the lowest at the lag= 13. This suggests possibility of the seasonal ARMA component with cycle 12 and of the integrated component with lag 1. 

We compare several different ARIMA models (1,0,0)(1,0,0)_{12}, (1,1,0)(1,0,0)_{12}, (1,0,0)(1,1,0)_{12}, (0,0,0)(1,1,0)_{12}, (1,0,0)(0,1,1)_{12}, (0,0,0)(0,1,1)_{12}, (1,0,0)(1,1,1)_{12}, (1,0,1)(1,1,1)_{12},  (1,1,1)(1,1,1)_{12} in terms of significance of coefficients and AIC. Here (p,d,q)(P,D,Q)_{12} stands for the Seasonal ARIMA (p,d,q)(P,D,Q) with seasonal period 12. The smallest AIC is obtained by the model (1,1,1)(1,1,1)_{12}. We estimate the coefficient     

         ar1      ma1      sar1     sma1

est   0.1550  -0.8138  0.2281  -0.8262

s.e.  0.0975   0.0544  0.1057   0.0786

The t-value of the AR1 coefficient is 0.1550/0.0975 = 1.5897. This means that the AR1 coefficient is not statistically significant in the 5% significant level. The diagnosis plots are given by the following figure. The ACF plot shows the significant peak at lag 9. The p-value of Ljung-Box statistics at lag 9 also shows the statistical significance. Therefore, there is some possibility to improve the model (1,1,1)(1,1,1)_{12}, when we extend our model search from the current sets of the models to the sets of higher order models.     
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(II)  New car sales 

The mean and standard deviation of the (nominal) new car sales are 47,271.83 and 10,200.98 in million dollars, respectively, while those of the real new car sales are 273.04 and 38.03 in million dollars. The time series plots of nominal and real new car sales are shown in the following figures. 

[image: image6.emf][image: image7.emf]
[Nominal_New_Plot.pdf], [Real_New_Plot.pdf]

The plot of real new car sales is much more stable than that of nominal new car sales. The autocorrelation function and the partial autocorrelation function of the real new sales are shown in the following figures. 
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The ACF/PACF plots of new car sales look similar to that of real new car sales. Both ACF and PACF plots show the existence of non-stationarity and non-trivial ARMA structure in the real new car sales. Especially, the ACF peaks at the lag = 12 and the PACF hits the lowest at the lag= 13. This suggests possibility of the seasonal ARMA component with cycle 12 and of the integrated component with lag 1.  

We compare several different ARIMA models (1,0,0)(1,0,0)_{12}, (1,1,0)(1,0,0)_{12}, (1,0,0)(1,1,0)_{12}, (0,0,0)(1,1,0)_{12}, (1,0,0)(0,1,1)_{12}, (0,0,0)(0,1,1)_{12}, (1,0,0)(1,1,1)_{12}, (1,0,1)(1,1,1)_{12},  (1,1,1)(1,1,1)_{12} in terms of significance of coefficients and AIC. Here (p,d,q)(P,D,Q)_{12} stands for the Seasonal ARIMA (p,d,q)(P,D,Q) with seasonal period 12. The smallest AIC is obtained by the model (1,1,1)(1,1,1)_{12}. We estimate the coefficient     

Coefficients:

         ar1      ma1    sar1     sma1

       0.2093  -0.8250  0.2297  -0.8394

s.e.  0.0973   0.0531  0.1081   0.0842

All the coefficients are statistically significant with 5% significance level. The diagnosis plots are given in the following figure. As in the analysis of the real total sales, the ACF of residuals and the p-value of the Ljung-Box statistics suggests some statistical significant departure from the current model (1,1,1)(1,1,1)_{12} at the lag 9. 
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(III) Used car sales

The mean and standard deviation of the (nominal) used car sales are 4,220.69 and 1,282.558 in million dollars, respectively, while those of the real used car sales are 24.88 and 5.59 in million dollars. The time series plots of nominal and real used car sales are shown in the following figures. 
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The plot of real used car sales is much more stable than that of nominal used car sales. The autocorrelation function and the partial autocorrelation function of the real used sales are shown in the following figures. 
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The ACF decays slowly. This means that the MA component exists. The PACF plots look similar with that of the new car sales. It shows the existence of non-stationarity and non-trivial ARMA structure in the real used car sales. The PACF hits the lowest at the lag= 13. This suggests possibility of the seasonal ARMA component with cycle 12 and of the integrated component with lag 1.  

We compare several different ARIMA models (1,0,0)(1,0,0)_{12}, (1,1,0)(1,0,0)_{12}, (1,0,0)(1,1,0)_{12}, (0,0,0)(1,1,0)_{12}, (1,0,0)(0,1,1)_{12}, (0,0,0)(0,1,1)_{12}, (1,0,0)(1,1,1)_{12}, (1,0,1)(1,1,1)_{12},  (1,1,1)(1,1,1)_{12} in terms of significance of coefficients and AIC. Here (p,d,q)(P,D,Q)_{12} stands for the Seasonal ARIMA (p,d,q)(P,D,Q) with seasonal period 12. The smallest AIC is obtained by the model (0,1,1)(0,1,1)_{12}. We estimate the coefficient     

Coefficients:

           ma1     sma1

      -0.5417  -0.6903

s.e.   0.0865   0.0684

Both coefficients are statistically significant with 5% significance level. The diagnosis plots are given in the following figure. As in the analysis of the real total sales, the ACF of residuals and the p-value of the Ljung-Box statistics suggests some statistical significant departure from the current model (0,1,1)(0,1,1)_{12} at the lag 4. 
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(IV) Regression of Used car sales on New car sales

We regress the used car sales on constant and the new car sales. The coefficient estimates are 

             Estimate Std. Error t value

(Intercept) -8.007527   1.543374  -5.188

r.new1       0.120460   0.005594  21.534

            Pr(>|t|)    

(Intercept) 6.12e-07 ***

r.new1       < 2e-16 ***

Residual standard error: 2.879 on 166 degrees of freedom. Multiple R-squared: 0.7364,
Adjusted R-squared: 0.7348. F-statistic: 463.7 on 1 and 166 DF,  p-value: < 2.2e-16. The p-values of the coefficients show that they are statistically significant. The p-value of the F-statistic is also tiny. This means that the model fits the data well. The adjusted R-squared is also quite high. The residual plot is given in the following figure. 
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The ACF and PACF of the residuals are shown below. Since the ACF decays gradually, we expect the existence of MA component. The PACF shows the significant spikes at lags 9, 11, 12, 13. 
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We compare several different ARIMA models (1,0,1)(1,0,0)_{12}, (1,1,1)(1,0,0)_{12}, (1,1,1)(0,0,1)_{12}, (1,0,1)(0,0,0)_{12} in terms of significance of coefficients and AIC. Here (p,d,q)(P,D,Q)_{12} stands for the Seasonal ARIMA (p,d,q)(P,D,Q) with seasonal period 12. The smallest AIC is obtained by the model (1,1,1)(1,0,0)_{12}. We estimate the coefficient     

Coefficients:

         ar1      ma1    sar1

       0.5312  -0.9540  0.6320

s.e.  0.0829   0.0329  0.0674

All three coefficients are statistically significant with 5% significance level. The diagnosis plots are given in the following figure. Although the ACF of residuals has a slightly statistically significant at lag 9, the p-values of Ljung Box statistic imply that the residuals are close to the independent white noise sequence. 
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(V) Regression of Used car sales on GDP and New car sales

We regress the used car sales on constant and the new car sales. The coefficient estimates are 

             Estimate Std. Error t value

(Intercept) -8.573e+00  9.920e-01  -8.643

r.new1       7.122e-02  4.809e-03  14.812

gdp1         1.528e-03  9.917e-05  15.407

            Pr(>|t|)    

(Intercept) 4.57e-15 ***

r.new1       < 2e-16 ***

gdp1         < 2e-16 ***

Residual standard error: 1.849 on 165 degrees of freedom Multiple R-squared: 0.8919,
Adjusted R-squared: 0.8906 F-statistic: 680.7 on 2 and 165 DF,  p-value: < 2.2e-16  The p-values of the coefficients show that they are statistically significant. The p-value of the F-statistic is also tiny. This means that the model fits the data well. The adjusted R-squared is also quite high. The residual plot is given in the following figure. 
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The ACF and PACF of the residuals are shown below. Since the ACF takes significant values at lags 1, 11, 12, 13, we expect the existence of MA component of lag 12. The PACF shows the significant spikes at lags 11, 12, 13. 
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We compare several different ARIMA models (1,0,1)(1,0,0)_{12}, (1,1,1)(1,0,0)_{12}, (1,1,1)(0,0,1)_{12}, (1,0,1)(0,0,0)_{12} in terms of significance of coefficients and AIC. Here (p,d,q)(P,D,Q)_{12} stands for the Seasonal ARIMA (p,d,q)(P,D,Q) with seasonal period 12. The smallest AIC is obtained by the model (1,1,1)(1,0,0)_{12}. We estimate the coefficient     

         ar1     ma1    sar1

      0.5952  -1.000  0.6667

s.e.  0.0639   0.014  0.0639

All three coefficients are statistically significant with 5% significance level. The moving average component indicates the possibility of unit root. The diagnosis plots are given in the following figure. Although the ACF of residuals has a slightly statistically significant at lag 12, the p-values of Ljung Box statistic imply that the residuals are close to the independent white noise sequence. 
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4. Conclusion

We studied U.S. car retail time series to see the demand build-up phenomenon. After adjusting the relation with the GDP by the regression analysis, we found that the residuals fit best to the  ARIMA(1,1,1)(1,0,0)_{12} model. The statistically significant seasonal AR component and the MA component indicate that the demand builds up/down stochastically with time. It is interesting to see that this phenomenon is only observed during the period of our study. A further project could include the study of other periods of time or sales of individual auto manufactures.
