ECOMO073: Topics in Financial Econometrics
Lecturer: Liudas Giraitis, CB301, L.Giraitis@qmul.ac.uk
Class Teacher: Claudio Vallar

http://faculty.chicagogsb.edu/ ruey.tsay/teaching /fts2/
here you can find various data sets.

Exercise 2.

2.1. In d-ibm3dx7008.txt you will find the daily simple stock returns of
IBM for the period 1970.01.02 to 2008.12.31.

(a) compute the histogram, sample mean, standard deviation, skewness, ex-
cess kurtosis, minimum, and maximum of the returns of this stock.

(b) Discuss the summary characteristics of these returns. In particular, con-
duct test to clarity the following questions and comment on your findings:
(i) is the mean significant?
(ii) is the skewness equal to 07

(iii) is the excess kurtosis equal to 07
(iv) is the distribution of the returns normal? (Use Jargue-Bera test).

(c) Together with the histogram plot the probability density of the normal
distribution which mean and standard deviation are equal to the sample
mean and the sample standard deviation of your data. Comment on your
finding,.

(d) Assuming that the given returns are log returns, compute the aggregated
‘return for the period 1970.01.02 to 2008.12.31. Comment on your finding.
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2.2. In d-3stock.txt you will find the dafly stack returns of American Ex-
press (axp), Caterpilar (cat) and Starbucks (sbux) for the period 1994.01.03

to 2003.12.32.

{(a) Compute the sample mean, standard deviation, skewness, excess kurtosis,
minimum, and meximum of the returns of each stock.

(b) Discuss the summary characteristics characteristics of thess returns. In
particular, focuss on the following questions;

(i) is the mean significant?

. (i) is the skewness equal to 07

(iif) is the excess kurtosis equal to 07
Based on these characteristics what can you say about dxﬂerencw/ similari-
ties between American Express (axp), Caterpilar (cat) and Starbucks (sbux)
daily stock returns? .

Are these stock returns normally distributed?

(c) Assummg the returns are log returns, compute the a.ggregzted return for
the period 1994.01.03 to 2003.12.32. )
2, 3: Using summary statistics from table 1.2, test for mgmﬁcance of the
mean, skewn&ss and access kurtosis for the Microsoft da.lly and monthly log-

returns.
Are these stock returns normally chstnbuted? Comment on your findings.

TABEE 12 Descriptive Statistlcs for Daily and Monthly Slmyle and Log Returns of
Selected Indexes and Stocks*

Stnndmxl Excess

Security Start  Size Mean Devintiod Sbwqcss Kuartosis Mmimum Maxirouni
) . " Datly Log Returiis (%)
sp 7001/02 9845 0023 1062 —1.17 ' 3020 -2290 1096
vw 70/01/02 9845 0035 1008 -0.94 2156 —18.80 ° 1090
EW °  7001/02 9845 0072 0816 —1:.00 1776  ~10.97 10.20

- IBM. © 70/01/02 9845 0.026 1.6%4 =027 . 1217 2609 -1237
- Intel " THI/1S 9096 0066 2905 —054 7.81 -35.06 234}
3M 70/01/02 9345° 0034 . 1488 —078 . 20.57 —3008 1082~
Microsoft 86/03/14 5752 0.095 . 2369 ~0.63 1423 -—35.83 17.87 -
Citi-Grp.  86/10/30 5592 0033 2575 022 3%1Y 3065 45.63

: " Monthly Log Rm:mr ( ‘M
SP 26/01 996 0.43 554 -0.52 793 335 35.22
Yw 26/01 996 0.74 543 —-0.58 685 -3422 3247
BEwW 26/01% 996 0.96 7.14 0.25 855 ~3751° S5LO4
BM 26/01 996 L.0O9 7.03 —9.07 262 3037 3857
Intel 73/01 432 1.3% 12.80 ~-0.55 306 -5954 48.55
M 46/02 755 1.03 637 ~0.03 125 -32061 2295
Microsoft 86704 213 2.01 10.66 " 010 159 4209 41.58

i-Grp 86711 266 068 1009 —-1.09 376 =~49.87 23.18




Solution of Exercise 2.1. (a) The time series of returns Xl, -, Xy you
analyze, is a stationary sequence. That meaus, each of these observations X;
has the-same distribution and the same; probability densxty f-

. We ca.n visualize the probability density f uaing the Ing E whlc.h
shows the shape of unkriown proba.blhty density. *
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@ Below see the output of hxstogram and ‘the. summary charactermt:cs
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Summery characteristics show, that the maan is cloae to zero, sta.ndard e-
vistion 5 sigall, akewness is almost zero, but kurtosis 12.9 is fauch h.lg’her
that kurtosis of the normal distribution which is 3. This is indication’ that
the' distnbut.mn of these retarns may be not normal. .

Nexb we do the followmg ngorous tatm,g for. sxgmﬁea.nce of the. meq.n,
ness’ and amees Kurtosis. ; , “



(b) 1. Testing for significance of the mean. First we test if the mean
EX of returns is significant or not. ”Significant” means that EX # 0 (ie.
significantly different from zero). Not ”significant” means EX = 0.

Note: the sample mean X = 0.0004302 is close to 0, and we expect it to be
close to EX. It shows that very likely the mean is 0, but we need to test

that formally.
Formally, we need to test the hypothesis:

Hy: EX = 0 (mean not significant) against alternative Hy: EX #0
(mean is significant).

To test this hypothesis at 5% significance level we use the rule which involves
the sample mean X = 0.0004302, and the standard deviation SD = 0.0169.

The rule is simple: ~
The mean is not significant at 5% level if |X| < 25D/ /.
The mean is significant at 5% level if |X| > 25D/\/n, n - sample size.

We have |X| 3= 0.0004302 > 28D//n = 2(0.0169)/1/9843 = 0.00034, which
mean that the mean is significantly different from 0,ie. EX #0.

Recall: What does it mean ”a test with significance level & = 5%"? Such
‘test will make exactly 5% mistakes when the null hypothesis Hj is true, i.e.
in 5 cases out of 100 when data has 0 mean, the test would find that the
mean is not zero and reject the true Hy hypothesis.

How we obtain such rejection rule? We construct the test statistics
(t-ratio statistic)
t= \/EX, note : VvnX ~ N(0,5D?%.
SD :
If null hypothesis is true, i.e. EX = 0, and the number of observations is
large, it has normal distribution:

t~ N(0,1).
According to statistical theory, we reject Hy at 5% significance level, if

[t 2 zo59% ~ 2.



(Here z.59 is 2.5% upper percentile of the standard normal distribution).
Then || = /n|X|/SD > 2 implies the rule we used above to H:

Rule: If |[X| > 25D/\/n, then u is significantly different from zero (1 #0).

2. Testing for skewness. Next we'test if the skewness S(X) of the distri-
bution of returns is significantly different from 0 or not.

Note: the sample skewness 5(X) = 0.061387 is close to 0. The zero skewness
S(X) = 0 means that probability density is symmetric around the -mean.

Indeed, the histogram suggests that the density is symmetric around the
zero mean. This indicates that very likely the skewness S(X) is 0, but we
need to test that formally. We have 5(X) = 0.061387 and the number of

observations N = 9843
We test the hypotheZié at 5% significance level:
Hy: S(X) = 0 against alternative H;: S(X) # 0.
We construct the test statistics:
S(X) _ 0.061387 _ 2.4864
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Under the null hypothesis, t ~ N(0,1) is normally distributed. Therefore
the testing rule is similar to that we used for testing for significance of the

mean:

Rule: we reject Hy at 5% significance level, if
[t} = 225% ~ 2.

In our case t = 2.4864 > 2. Hence, the test shows that there is emough
evidence in the data to reject the null hypothesis of zero skewness S(X) = 0.

Comment:* The number of observations N = 9843 is very large, so we could
not see from the histogram and sample skewness S(X) = 0.061387 that the

distribution has some small positive skewness.



3. Testing for Heavy tails. Next we test if the excess kurtosis K(X) -3
of the distribution of réturns is significantly different from 0.

Note: the sample kurtosis K (X) = 12.91 is much larger than 3. The zero
excess kurtosis K (X) — 3 = 0 ineans that distribution does not have heavy
tails, whereas K'(X) > 3 would indicate that distribution has heavy tails (we
call it leptokurtic), and secondly, it is not a normal distribution. (For normal
distribution always K(X) = 3).

We have K(X) = 12.91 and the number of observations N = 9843.
We test the hypothesis at 5% significance level:
Hy: K(X) — 3 =0 against alternative Hy: K(X) # 3.
We use the test statistics:
_KXx)-3_ 12091-3
V24N \/2a/9843

By theory, under null hypothesis, t ~ N(0, 1) is normally distributed. There- .
fore the testing rule is similar as for testing skewness:

= 200.6928.

Rule: reject Hyp at 5% significance level, if
[t| > z2.5% ~ 2.

In our case t = 200.6928 > 2. Hence, the test rejects the null hypothesis of

zero kurtosis K (X) =
Comment: we found that K(X) > 3, the distribution has heavy tails, and it
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4. Jargue-Bera test (for normal distribution). In the e-views output you
find that the Jargue-Bera, statistic takes value 40335.5 and the corresponding
p-value is 0.0000 (in the output it is called " probability”)

Jargue-Bera test is a test for normality of distribution. It combines testing
for skewness and access kurtoses into one test.

Jargue-Bera test is used to test the hypothesis:
Hy: 8(X) = 0 and K(X) — 3 = 0 ("normal distribution”)

against alternative
Hy: 8(X) # 0 or K(X) — 3 # 0 ("distribution is not normal”).

Normal distribution has S(X) = 0 and K(X) = 3. Thus, in case of normal

distribution, test will not reject Hy.
Test will reject Hy if either skewness is not 0 or if kurtosis is not 3. That

will indicate that distribution is not normal.

Since the p = 0.0000 value of Jarg: »-Bera test is smaller than 0.05 we reject
the asymptotic normality at signincance level 5%.

(c) Histogram and the normal probability distribution with the mean =
sample mean and the SD= "sample SD”, when plotted together, show that
the normal density does not fit well to the histogram in the peak region. In
case of the normal distribution, we would expect -histogram and the normal

density to be closer each other.
From the histogram we see that the tails of the histogram are heavier than

the tails of the normal density. This can be explained by the fact that the
sample kurtosis K(X) = 12.9 is much higher than the kurtosis of a normal

distribution which equals to 3.






