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1 Time Series Regressions

Exercise 1.1 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.

̂GDPGRt = 1.99
(0.35)

+ 0.34
(0.08)

GDPGRt−1, R
2

= 0.1, SER = 3.16, N = 204

The following are the values of GDPGR from 2012:Q1 to 2013:Q1.

Date 2012:Q1 2012:Q2 2012:Q3 2012:Q4 2013:Q1

GDPGR 3.64 1.20 2.75 0.15 1.1

(a) Is a positive growth rate of GDP in one quarter associated 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 above AR(1) model?

(c) Is the forecast in part (b) accurate? What is the forecast error?

(d) Ignoring the uncertainty arising from the estimation of the coefficients, what is the estimate of the
RMFSE? Explain in words what this estimate means.
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Exercise 1.2 Continuing from Exercise 1.1, suppose that we estimate 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, SER = 3.11, N = 204

We also estimate an AR(0) model (i.e, corresponding to a regression on a constant), and the OLS
regression result is

̂GDPGRt = 3.05
(0.23)

, R
2

= 0.00, SER = 3.35, N = 204

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

(b) How many lags should be included in the AR model? Suppose that our candidate models are AR(0),
AR(1) and AR(2). Use the F -statistic method, BIC, and AIC to determine whether the AR model
should be AR(0), AR(1), or AR(2).

Exercise 1.3 Continuing from Exercises 1.1 and 1.2, suppose that we augment the AR(2) model by
including the term spread (i.e., TSpread) as an additional variable in the regression. The term spread
is the difference between long-term and short-term interest rates. The term spread generally falls before
U.S. recessions, and this pattern suggests that the term spread might contain information about the
future growth of GDP that is not already contained in past values of GDP growth. Adding the first and
second lags of the term spread and using OLS, we obtain the following ADL(2,2) regression results.

̂GDPGRt = 0.97
(0.48)

+ 0.24
(0.08)

GDPGRt−1 + 0.18
(0.08)

GDPGRt−2

− 0.14
(0.43)

TSpreadt−1 + 0.66
(0.44)

TSpreadt−2, R
2

= 0.17, SER = 3.06, N = 204

An F -test for the joint significant of the coefficients on TSpread yields an F -stat of 4.33. The following
are the values of TSpread from 2012:Q1 to 2013:Q1.

Date 2012:Q1 2012:Q2 2012:Q3 2012:Q4 2013:Q1

TSpread 1.97 1.74 1.54 1.62 1.86

(a) Use the Granger causality statistic to determine if the term spread is a useful predictor for the GDP
growth rate.
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(b) Do the results from the hypothesis test in part (a) mean that a change in the term spread will cause
a subsequent change in the GDP growth rate?

(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 above ADL(2,2) model? What is the forecast error?

Exercise 1.4 Can you beat the stock market? Table 14.2 from the textbook (shown below) presents
autoregressive models of the excess return on a stock price index using monthly data from January 1960
to December 2002. The monthly excess return is what you earn, in percentage terms, from purchasing
stock at the end of the previous month and selling it at the end of this month, minus what you would
have earned had you purchased a safe asset (e.g., a U.S. Treasury bill).

(a) Is the AR(1) model useful for forecasting excess stock returns? Why or why not?
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(b) Are the AR(2) and AR(4) models useful for forecasting excess stock returns? Why or why not?

(c) The Efficient Markets Hypothesis (EMH) holds that stock market prices fully reflect all available
public information. Are the autoregression results consistent with the EMH? Explain.

Exercise 1.5 (Adapted from Stock & Watson, Exercise 14.2) The index of industrial production (IPt)
is a monthly time series that measures the quantity of industrial commodities produced in a given month.
This exercise uses data on this index for the United States. All regressions are estimated over the sample
period 1986:M1 (January 1986) to 2013:M12 (December 2013). Let Yt = 1200 ∗ ln(IPt/IPt−1).

(a) The forecaster states that Yt shows the monthly percentage change in IP , measured in percentage
points per annum. Is this correct? Why?

(b) Suppose that a forecaster estimates the following AR(4) model for Yt:

Ŷt = 0.787
(0.539)

+ 0.052
(0.093)

Yt−1 + 0.185
(0.053)

Yt−2 + 0.234
(0.078)

Yt−3 + 0.164
(0.066)

Yt−4

Use this AR(4) to forecast the value of Yt in January 2014, using the following values of IP for July
2013 through December 2013:

Date 2013:M7 2013:M8 2013:M9 2013:M10 2013:M11 2013:M12

IP 99.016 99.561 100.196 100.374 101.034 101.359

(c) Worried about potential seasonal fluctuations in production, the forecaster adds Yt−12 to the au-
toregression. The estimated coefficient on Yt−12 is −0.063 with the standard error of 0.045. Is this
coefficient statistically significant at the 5% level?
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(d) Worried that she might have included too few or too many lags in the model, the forecaster estimates
AR(p) models for p = 0, 1, 2, . . . 6 over the sample period. The sum of squared residuals from each
of these estimated models is show in the table below. Use the BIC to estimate the number of lags
that should be included in the autoregression. Do the results differ if you use the AIC?

AR Order 0 1 2 3 4 5 6

SSR 19,533 18,643 17,377 16,285 15,842 15,824 15,824

(e) The forecaster augments her AR(4) model for IP growth to include four lagged values of ∆Rt, where
Rt is defined as the interest rate on 3-month U.S. Treasury bills (measured in percentage points at
an annual rate).

(i) The Granger-causality F -statistic on the four lags of ∆Rt is 4.16. Do interest rates help predict
IP growth? Explain.

(ii) The researcher also regresses ∆Rt on a constant, four lags of ∆Rt and four lags of IP growth.
The resulting Granger-causality F -statistic on the four lags of IP growth is 1.52. Does IP
growth help to predict interest rates?
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Exercise 1.6 (Adapted from Stock & Watson, Exercise 14.9) The Moving Average model of order q,
written as MA(q), has the form

Yt = µ+ et + θ1et−1 + θ2et−2 + . . .+ θqet−q

where et is “white noise,” which means that it is a serially uncorrelated random variable with mean 0
and variance σ2

e .

(a) Show that E(Yt) = µ.

(b) Show that the variance of Yt is var(Yt) = σ2
e(1 + θ21 + θ22 + . . .+ θ2q).

(c) Show that ρj = 0 for j > q.

(d) Suppose that q = 1. Derive the autocovariances for Y .

Exercise 1.7 (Stock & Watson, Exercise 14.11) Suppose that ∆Yt follows the AR(1) model ∆Yt =
β0 + β1∆Yt−1 + ut.

(a) Show that Yt follows an AR(2) model.

(b) Derive the AR(2) coefficients for Yt as a function of β0 and β1.
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