
Homework 4: Modeling Quarterly US GDP

Instruction: there are four questions. Each question is worth 1 point. You can

discuss the homework with each other. However, you need to turn in your individual

answer. See syllabus for the due date.

Here we formally investigate whether GDP has unit root or not. This issue matters

because it determines whether the shock (policy, terrorist attack, etc) has

permanent or transitory effect.
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Q1: Random walk with drift

Consider a random walk with drift model

yt = φ + yt−1 + et

where et is white noise. Please rewrite the model using the lag operator. Then find

the moving average representation of the model. Hint:

1
1−L

= 1 + L + L2 + . . . ,

L j
φ = φ , (∀ j > 1)

Does this series show trending behavior? Does the error et has transitory or

permanent effect on yt? You need to think about the impulse response around the

trend.
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Q2: A deterministic trend model for GDP

Please download the GDP data (a txt file) from my webpage. First consider a

deterministic trend model for log GDP (taking log can remove nonlinearity)

log(gdp)t = β0 + β1t + ut (Model A)

where ut may not be white noise. Please estimate this model, and draw a time series

plot in which the true series and fitted value series are put together. Do you find the

evidence for “trend-reverting”. That is, does log GDP tend to go back to its trend if

deviating from it. Hint: you need to generate the trend, and then use the following

commands (you need to specify ?)

plot(trend, ?, lty=1)

abline(lm(?~trend),pch=0, lty=3, lwd=3)
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Q3: A general model for GDP

First, please show that the residual of Model A is highly autocorrelated (you can

provide the ACF graph, or run a first order autoregression for the residual). This

fact implies that the deterministic trend model is inappropriate. Now consider

Model B

log(gdp)t = β0 + β1t + β2 log(gdp)t−1 + ut (Model B)

Please estimate this model. Check whether the residual is highly autocorrelated.

Then formulate the null hypothesis that the log gdp is a random walk with drift.

Finally draw a conclusion. Hint:

T = length(y)

y.lag1 = c(NA, y[?:?])

summary(lm(y~y.lag1+trend))

adf.test(y, alternative = c("?"), k = ?)
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Q4: Break and changing growth model

First please explain why Model B is better than Model A (hint: focus on the serial

correlation of residual). However, Perron (1989 Econometrica) argues that Model B

is still misspecified because it ignores the break (or structural change) in the trend

that occurs in first quarter 1973. Let’s define a new variable

d =

 0, before 1973Q2

trend−105, after or in 1973Q2

Please generate d and run the so called “changing growth” model

log(gdp)t = β0 + β1t + γdt + β2 log(gdp)t−1 + ut (Model C)

Please interpret γ. Please comment on the effect of accounting for break on the unit

root test.
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