Graduate School of Business, University of Chicago
Business 326, Winter Quarter 2001, Ruey S. Tsay

Midterm

GSB Honor Code:
I pledge my honor that I have not violated the Honor Code during this examination.

Signiture: Name: ID:

Notes:

e Open notes and books.

e Write the answer in the blank space provided for each question. Answer as many ques-

tions as you can.

Problem A: (40 pts) Let r; be the log return, including dividends, of an asset at time ¢
and R, be the corresponding simple return.

1.

What is the simple return R; if the log return is r; = 0.042047

. What is the log return r; if the corresponding simple return is —0.0427

. What are the weak stationarity conditions of the series {r;}?

Suppose that the data {ryt = 1,---,T} are available. Define the sample mean and
sample variance of the data.

Describe a test statistic that can be used to test the hypothesis H, : p=0vs H, : 1 # 0,
where p = FE(r;) is the expectation of ;. Assume that the return series is weakly
stationary.

Describe a method to test the null hypothesis Hy : p; = 0 vs H, : p3 # 0, where p,
is the lag-3 autocorrelation of r;. What is the test statistic? What is the reference
distribution?



10.

11.

12.

13.

14.

15.

16.

17.

For questions 7 to 12, assume that the log return r; follows the model
Ty = 001 + 0.27},1 —+ Qy,

where {a;} is a Gaussian white noise series with mean zero and variance o?. What is
the expected value of the return r;?

Describe a method to test for conditional heteroscedasticity in r;, i.e. test for ARCH
effects. You may use the first m lags of autocorrelation involved. What is the test
statistic? What is the reference distribution?

. If the variance of a; is 02 = 0.096. What is the variance of r,?

What are the lag-1 and lag-2 autocorrelations of r,?

Assume further that 7199 = 0.04. Based on the above AR(1) model, what is the 1-step
ahead forecast of 719, at the forecast origin ¢ = 1007

What is the variance of forecast error of Question 11, assuming o2 = 0.0967

For questions 13 to 15, assume that the log return r; follows the MA(3) model

Ty = 0.004 + ay — 0.2at_3,
where {a;} is a white noise series with mean zero and variance o?. What is the expected
value of ;7

What is the variance of r;, assuming that 0% = 0.27

Using the above MA(3) model, what is the 4-step ahead forecast of 104 at the forecast
origin ¢ = 1007

Give a reason that the Durbin-Watson statistic is not sufficient in detecting serial cor-
relations in the residuals of a linear regression model.

Describe a situation under which a seasonal time series model is useful in finance.



18. Write down an EGARCH(1,1) model for r, = o€;, where the shock ¢; is a standard
Gaussian white noise series.

19. Give two advantages of EGARCH models over the GARCH models.

20. What is the main reason for employing a mean equation for r; before considering its
volatility model?

Problem B. (20 pts) This problem is concerned with monthly log returns of GE stock from
January 1926 to December 1999 for 888 observations. The returns are in percent and the
necessary SCA output is attached. Answer the following questions:

1. Is the average monthly log return significantly different from zero? Use a 5% test to
answer the question.

2. What is the excess kurtosis of the data? What is the skewness measure of the data?

3. Are the monthly log returns predictable? State the null hypothesis and you may use the
5% significance level.

4. An AR(4) model is estimated for the log return series. Write down the fitted model.

5. (4 pts) Is the fitted AR(4) model adequate? You may answer the question using 12 lags
of the residual autocorrelations and the 5% significance level. Why is the chi-squared
distribution used has m — 3 degrees of freedom?

6. (4 pts) Do the monthly log return show any ARCH effects? Why? You should provide
the test statistic you use to draw the conclusion.



Problem C. (20 pts) This problem is concerned with GARCH(1,1) models for the monthly
log returns of GE stock from January 1926 to December 1999. The RATS output is attached.
Answer the following questions:

1. Use a Gaussian AR(3)-GARCH(1,1) model for the data. What are the fitted mean and
volatility equations?

2. (4 pts) Is the fitted model adequate? State the null hypotheses used for checking the
mean and volatility equations. What are the test statistics? You may use the 5%
significance level?

3. What is the unconditional variance of the shocks as implied by the fitted volatility
model?

4. (4 pts) Compute 1-step ahead mean and volatility forecasts of the model at the forecast
origin t = 888.

5. If a Student-t distribution with 5 degrees of freedom is used, what are the fitted mean
and volatility equations?

6. What is the unconditional variance of the stocks as implied by the fitted volatility model
in question 57



Problem D. (20 pts) This problem is concerned with an EGARCH(1,0)-M model for the
monthly log returns of GE stock from January 1926 to December 1999. The fitted model is
in the from

re=900; + 0y, Gy = oye,

ln(ag) =g+ g(e—1), g(e—1) = Oei_1 + ¥[|es—1| — 0.7979],

1
1—-oB
where ¢, is an independent sequence of Standard Gaussian random variates. The RATS output
is attached. Answer the following questions:

1. (4 pts) What is the fitted volatility equation?
2. Is the model adequate at the 5% significance level? Why?
3. The volatility equation can also be written as
In(o}) = (1 — en)ag + a1 In(oy_;) + g(€r-1)-
Assume that ¢;_; > 0. What is the resulting volatility equation?

4. Assume that €;,_; < 0. What is the resulting volatility equation?

5. Does the fitted model support the idea of risk premium at the 5% significance level?
Why?

6. (4 pts) Compute the 1-step ahead forecasts of the log return and its volatility at the
forecast origin ¢ = 888.



