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Exercise 1 (Adapted from Stine and Foster, Chapter 27, 4M Example 1) The US economy fell into a
recession in 2008 and 2009. The slumping economy almost wiped out the domestic auto industry. How
badly did the recession hit this industry? We want to use a regression model to understand how much
car sales was lost because of the recession. Specifically, we want to answer the question: how much car
sales would we have expected if the trend of car sales had followed the pattern before the recession?

To investigate this question, we have data on quarterly car sales from 1990:Q1 to 2007:Q4. The data
contain the following three variables.

• Time: the variable is coded on an annual scale as follows. Time = 1990+2/12 for the first quarter of
1990, Time = 1990 + 5/12 for the second quarter of 1990, Time = 1990 + 8/12 for the third quarter
of 1990, Time = 1990 + 11/12 for the fourth quarter of 1990. The variable is coded similarly for
the years 1991-2007.

• Quarter: A string variable where Q1 means first quarter, Q2 means second quarter, etc.

• QuarterlyCarSales: The number of cars that are sold in a given quarter, in thousands.

A subset of the data and variables is shown below after question (d), together with the Stata output
from analyzing this data.

(a) Consider the regression of QuarterlyCarSales on Time, X1, X2, and X3. Interpret the coefficient on
X1. Interpret the coefficient on Time.

(b) Do the residuals from the regression in part (a) appear to be independent?

(c) Using the regression in part (a), what is our prediction for car sales in Quarter 1 of 2008? What
about Quarter 2 of 2008?

(d) Your colleague tells you that we should also make a prediction interval for the predictions we made
in part (c). Why or why not?
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Exercise 2 Suppose that we have a quarterly time series of GDPGR (i.e., the GDP Growth Rate,
measured in percentage points) from 1962:Q1 to 2012:Q4. With these data, we estimate an AR(1) model
using OLS, and we obtain the following results. Note that the standard errors are shown in parenthesis
below the coefficient estimates.

̂GDPGRt = 1.99
(0.35)

+ 0.34
(0.08)

GDPGRt−1, R
2

= 0.1, se = 3.16, n = 204

We also estimated an AR(2) model. The OLS regression result is

̂GDPGRt = 1.63
(0.40)

+ 0.28
(0.08)

GDPGRt−1 + 0.18
(0.08)

GDPGRt−2, R
2

= 0.14, se = 3.11, n = 204

The following are the values of GDPGR from 2012:Q1 to 2012:Q4.

Date 2012:Q1 2012:Q2 2012:Q3 2012:Q4

GDPGR 3.64 1.20 2.75 0.15

(a) Is a positive growth rate of GDP in one quarter correlated with positive growth in the next quarter?

(b) What is the forecast for the growth rate of GDP in 2013:Q1 that we would have made in 2012:Q4,
based on the AR(1) model?

(c) What is the forecast for the growth rate of GDP in 2013:Q1 that we would have made in 2012:Q4,
based on the AR(2) model?

(d) Given the above two regression results, how many lags should be in the AR model? In other words,
should the AR model be AR(1) or AR(2)?
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Exercise 3 Many autoregressions are mean-reverting. Mean-reverting means that the forecasts eventu-
ally tend back to (revert to) the mean of the time series. For example, a manager uses an AR(1) model
to predict sales next week using sales in recent weeks. Sales typically run about $250,000 per week. The
estimating equation (with sales in thousands of dollars) is

ŷt = 50 + 0.8yt−1.

(a) If sales this week are $250,000 (the mean level), what does the equation forecast for next week?

(b) If sales this week are $300,000 ($50,000 above the mean), does the equation forecast sales to increase
farther above the mean or to return toward the mean?

(c) In general, when does a first-order autoregression with positive slope (0 < b1 < 1) predict an increase
in the time series? A decrease?

Exercise 4 (Stata) This exercise considers monthly prices of shares in JC Penney (an American de-
partment store chain) from January 2000 to December 2011. The dataset for this exercise is penney.xls.
The data contains the variable Month with values 1, 2, . . . , 120 that can be used as the time index t.

(a) Fit a polynomial trend to the time series of prices. Try polynomials of various degrees (i.e., try
polynomials with t, t2, and other powers up to t6). Do any of these, with orders 6 or less, capture
the ups and downs of prices?

(b) Fit an autoregression to the time series of prices, using three lags of the price. Are all of these lagged
predictors useful? Remove predictors that do not statistically significantly improve the fit of the
model and summarize your final model.

(c) Does the model you created in part (b) meet the conditions for the MRM?

(d) Generate a new variable called return for the “returns” on JC Penney stock. Returns are the ratio
of the change in price to the price in the earlier period, that is

pricet − pricet−1

pricet−1
.

(e) Re-estimate the final regression model you chose in part (b) but using return as the response variable.
Compare this model to the model in part (b). Which would you prefer to use for forecasting the
stock price of JC Penney? Explain.
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