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Road Map of this class:
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Financial time series (FTS) analysis
Financial time series (FTS) analysis is concerned with theory and practice of asset

valuation over time.

What is the difference, if any, from traditional time series analysis?

Two topics are highly related, but FTS has added uncertainty, because it must deal
with the ever-changing business & economic environment and the fact that volatility is
not directly observed.

RXR h?2 P#D2+iBp2b Q7 i?Bb +?�Ti2`
1. to access financial data online and to process the embedded information
2. to provide basic knowledge of FTS data such as skewness, heavy tails, and measure of
dependence
between asset returns
3. to introduce statistical tools econometric models useful for analyzing these series.
4. to gain experience in analyzing FTS
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1. Daily log returns of Apple stock: 2007 to 2018 (12 years). Data downloaded using
quantmod

2. The VIX index.

3. CDS spreads: Daily 3-year CDS spreads of JP Morgan from July 20, 2004 to September
19, 2018.

4. Quarterly earnings of Coca-Cola Company: 1983-2009 Seasonal time series useful in

• earning forecasts

• pricing weather related derivatives (e.g. energy) • modeling intraday behavior of asset
returns

5. US monthly interest rates (3m & 6m Treasury bills)

Relations between the two asset returns? Term structure of interest rates.

6. Exchange rate between US Dollar vs Euro Fixed income, hedging, carry trade.

7. Size of insurance claims.

8. High-frequency financial data:
Tick-by-tick data of Caterpillars stock: January 04, 2010.

RXj �bb2i _2im`Mb

Let Pt be the price of an asset at time t, and assume no dividend. One-period simple
return: Gross return

1+Rt =
Pt

Pt−1

One-Period Simple Net Return or Simple Return:



e �����RX 6BM�M+B�H hBK2 a2`B2b �M/ h?2B` *?�`�+i2`BbiB+b

Multiperiod simple return: Gross return)

Example:Table below gives 5 daily prices of Apple stock in January 2020.
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what is one-day gross return of holding the stock from 01/06 to 12/07 and the daily
simple return?

what is one-day log return of holding the stock from 01/09 to 01/10 ?

Time interval is important! Default is one year. Annualized (average) return:

Besides the simple return, we can also compute the continuously compounding interest
rate where r is the interest rate per annum, C is the initial capital, n is the number of years,
and exp is the exponential function.

A= C× ex p(r×n)

Continuously compounded (or log) return

rt = ln(1+Rt) = ln
Pt

Pt−1
= pt − pt−1



3 �����RX 6BM�M+B�H hBK2 a2`B2b �M/ h?2B` *?�`�+i2`BbiB+b

where pt = ln(Pt)

Multiperiod log return:

Continuously compounding: Illustration of the power of compounding (int. rate 10 %
per annum)



RXj �bb2i _2im`Mb N

Portfolio return: N assets

Dividend payment:

Excess Returns (adjusting for risk)

Remarks:



Ry �����RX 6BM�M+B�H hBK2 a2`B2b �M/ h?2B` *?�`�+i2`BbiB+b

Example If the monthly log returns of an asset are 4.46 %, −7.34 % and 10.77 %, then
what is the corresponding quarterly log return?

Example If the monthly simple returns of an asset are 4.46 %, −7.34 %, and 10.77 %,
then what is the corresponding quarterly simple return?

RX9 .Bbi`B#miBQM�H S`QT2`iB2b Q7 _2im`Mb
What is the distribution of
rit where i = 1,...,N ; and t = 1,..., T

Some theoretical properties:

Moments of a random variable X with density f(x): l-th moment

m
′
l = E(X l) =
∫ ∞

∞
x l f (x)d x

First Moment: mean or expectation of X.

l-th central moment

ml = E[(X −µx)l] =
∫ ∞

∞
(x−µx)l f (x)d x

2nd central moment.
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Standard deviation: square-root of variance

Skewness (Symmestry)

S(x) = E
"
(X −µx)3

σ3
x

#

Kurtosis (Fat-taills)

K(x) = E
"
(X −µx)4

σ4
x

#

Q1: Why study the mean and variance of returns?
They are concerned with long-term return and risk, respectively.
Q2: Why is symmetry important?
Symmetry has important implications in holding short or long financial positions and in risk
management.
Q3: Why is kurtosis important?
Related to volatility forecasting, efficiency in estimation and tests High kurtosis implies
heavy (or long) tails in distribution.
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Estimation

Sample mean, Sample Variance, Sample Skewness and Sample Kurtosis
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RX8 >vTQi?2bBb h2biBM;
A random variable under the normal distribution

$S(x)∼ N(0,
6
T
)

%K(x)−3∼ N(0,
24
T
)

Test for symmetry

Test for tail thickness
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Test for normality :(Jarque-Bera test)

RXe 1KTB`B+�H rQ`F mbBM; _ T`Q;`�K
FE code
O119j8 q�bBM aBr�b�`Bi G2+im`2R aT`BM;fkyRN
b2ir/U]flb2`bfr�bBMnbBr�b�`Bif.2bFiQTf119j8]V
+�iU`2TU]$M]-8yVV O+H2�` _ *QMbQH2
OBMbi�HHXT�+F�;2bU][m�MiKQ/]V
OBMbi�HHXT�+F�;2bU]7"�bB+b]V
OBMbi�HHXT�+F�;2bU]bM]V
OBMbi�HHXT�+F�;2bU]S2`7Q`K�M+2�M�HviB+b]V
OBMbi�HHXT�+F�;2bU]+�`]V
OBMbi�HHXT�+F�;2bU]ib2`B2b]V
OBMbi�HHXT�+F�;2bU]7Q`2+�bi]V
HB#`�`vU[m�MiKQ/V
HB#`�`vU7"�bB+bV
HB#`�`vUbMV
HB#`�`vUS2`7Q`K�M+2�M�HviB+bV
HB#`�`vU+�`V
HB#`�`vUib2`B2bV
HB#`�`vU7Q`2+�biV

;2iavK#QHbU]�:aS*]-7`QK4]kyyy@yR@yj]-iQ4]kyky@yR@Ry]V
/BKU:aS*V
?2�/U:aS*V
i�BHU:aS*V
/�4:aS*
+?�`ia2`B2bU:aS*-i?2K24]r?Bi2]V
T`B+24/�(-e)
THQiUT`B+2-ivT24^H^V
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HQ;T`B+24HQ;UT`B+2V
THQiUHQ;T`B+2 -ivT24^H^V
HQ;`2im`M4/B77UHQ;UT`B+2VV
bBKTH2`2im`M I@2tTUHQ;`2im`MV@R
OR SHQi i?2 b2`B2b Q7 HQ; `2im`M �M/ bBKTH2 `2im`M

T�`UK7`Qr4+UR-RVV
THQiUHQ;`2im`M -ivT24^H^V
THQiUbBKTH2`2im`MV

M2rHQ;`2im`M I@ HQ;`2im`M(k,M`QrUHQ;`2im`MV-)
M2rbBKTH2`2im`M I@ bBKTH2`2im`M(k,M`QrUHQ;`2im`MV-)

Ok >BbiQ;`�K �M/ b�KTH2 bi�iBbiB+b
?BbiUHQ;`2im`M - #`2�Fb4Ryy- +QH4]bH�i2#Hm2]V
+?�`iX>BbiQ;`�KUHQ;`2im`M -K2i?Q/b 4 +U]�//XMQ`K�H]VV
i�#H2Xai�ibUHQ;`2im`MV

Oj ZZ@THQib �M/ i2bib 7Q` MQ`K�HBiv
O
O mb2 [[MQ`K 7mM+iBQM
T�`UK7`Qr4+UR-RVV
[[MQ`KUM2rHQ;`2im`MV
[[HBM2UM2rHQ;`2im`M - +QH 4 kV
D�`[m2X#2`�Xi2biUM2rHQ;`2im`MV

FE Print out
= OBMbi�HHXT�+F�;2bU][m�MiKQ/]V
= OBMbi�HHXT�+F�;2bU]7"�bB+b]V
= OBMbi�HHXT�+F�;2bU]bM]V
= OBMbi�HHXT�+F�;2bU]S2`7Q`K�M+2�M�HviB+b]V
= OBMbi�HHXT�+F�;2bU]+�`]V
= OBMbi�HHXT�+F�;2bU]ib2`B2b]V
= OBMbi�HHXT�+F�;2bU]7Q`2+�bi]V
= HB#`�`vU[m�MiKQ/V
= HB#`�`vU7"�bB+bV
= HB#`�`vUbMV
= HB#`�`vUS2`7Q`K�M+2�M�HviB+bV
= HB#`�`vU+�`V
= HB#`�`vUib2`B2bV
= HB#`�`vU7Q`2+�biV
= ;2iavK#QHbU]�:aS*]-7`QK4]kyyy@yR@yj]-iQ4]kyky@yR@Ry]V
(R) ]:aS*]
= /BKU:aS*V
(R) 8yjd e
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= ?2�/U:aS*V
:aS*XPT2M :aS*X>B;? :aS*XGQr :aS*X*HQb2 :aS*XoQHmK2 :aS*X�/Dmbi2/
kyyy@yR@yj R9eNXk8 R9d3Xyy R9j3Xje R988Xkk NjR3yyyyy R988Xkk
kyyy@yR@y9 R988Xkk R988Xkk RjNdX9j RjNNX9k RyyNyyyyyy RjNNX9k
kyyy@yR@y8 RjNNX9k R9RjXkd RjddXe3 R9ykXRR Ry388yyyyy R9ykXRR
kyyy@yR@ye R9ykXRR R9RRXNy RjNkXRy R9yjX98 RyNkjyyyyy R9yjX98
kyyy@yR@yd R9yjX98 R99RX9d R9yyXdj R99RX9d Rkk8kyyyyy R99RX9d
kyyy@yR@Ry R99RX9d R9e9Xje R99RX9d R98dXey Rye93yyyyy R98dXey
= i�BHU:aS*V
:aS*XPT2M :aS*X>B;? :aS*XGQr :aS*X*HQb2 :aS*XoQHmK2 :aS*X�/Dmbi2/
kyky@yR@yk jk99Xed jk83XR9 jkj8X8j jk8dX38 j983k8yyyy jk8dX38
kyky@yR@yj jkkeXje jk9eXR8 jkkkXj9 jkj9X38 j9eRkNyyyy jkj9X38
kyky@yR@ye jkRdX88 jk9eX39 jkR9Xe9 jk9eXk3 jed9ydyyyy jk9eXk3
kyky@yR@yd jk9RX3e jk99XNR jkjkX9j jkjdXR3 j9kyj3yyyy jkjdXR3
kyky@yR@y3 jkj3X8N jkedXyd jkjeXed jk8jXy8 jdky3Nyyyy jk8jXy8
kyky@yR@yN jkeeXyj jkd8X83 jkejXed jkd9Xdy jej3jNyyyy jkd9Xdy
= /�4:aS*
= +?�`ia2`B2bU:aS*-i?2K24]r?Bi2]V
= T`B+24/�(-e)
= THQiUT`B+2-ivT24^H^V
= HQ;T`B+24HQ;UT`B+2V
= THQiUHQ;T`B+2 -ivT24^H^V
= HQ;`2im`M4/B77UHQ;UT`B+2VV
= bBKTH2`2im`M I@2tTUHQ;`2im`MV@R
= T�`UK7`Qr4+UR-RVV
= THQiUHQ;`2im`M -ivT24^H^V
= THQiUbBKTH2`2im`MV
= M2rHQ;`2im`M I@ HQ;`2im`M(k,M`QrUHQ;`2im`MV-)
= M2rbBKTH2`2im`M I@ bBKTH2`2im`M(k,M`QrUHQ;`2im`MV-)
= Ok >BbiQ;`�K �M/ b�KTH2 bi�iBbiB+b
= ?BbiUHQ;`2im`M - #`2�Fb4Ryy- +QH4]bH�i2#Hm2]V
= +?�`iX>BbiQ;`�KUHQ;`2im`M -K2i?Q/b 4 +U]�//XMQ`K�H]VV
= i�#H2Xai�ibUHQ;`2im`MV
:aS*X�/Dmbi2/
P#b2`p�iBQMb 8yjeXyyyy
L�b RXyyyy
JBMBKmK @yXyN9d
Zm�`iBH2 R @yXyy9d
J2/B�M yXyyye
�`Bi?K2iB+ J2�M yXyyyk
:2QK2i`B+ J2�M yXyyyR
Zm�`iBH2 j yXyy8d
J�tBKmK yXRyNe
a1 J2�M yXyyyk
G*G J2�M UyXN8V @yXyyyk
l*G J2�M UyXN8V yXyyy8
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o�`B�M+2 yXyyyR
ai/2p yXyRRN
aF2rM2bb @yXkjyk
Em`iQbBb 3Xe8kR
= Oj ZZ@THQib �M/ i2bib 7Q` MQ`K�HBiv
= O
= O mb2 [[MQ`K 7mM+iBQM
= T�`UK7`Qr4+UR-RVV
= [[MQ`KUM2rHQ;`2im`MV
= [[HBM2UM2rHQ;`2im`M - +QH 4 kV
= D�`[m2X#2`�Xi2biUM2rHQ;`2im`MV

C�`[m2 "2`� h2bi

/�i�, M2rHQ;`2im`M
s@b[m�`2/ 4 R8d8k- /7 4 k- T@p�Hm2 I kXk2@Re

FE code (Cont.)
O9 h2bi K2�M 4 y
iXi2biUM2rHQ;`2im`MV

O8 h2bi aF2rM2bb 4 y
h4H2M;i?UM2rHQ;`2im`MV
bj4bF2rM2bbUM2rHQ;`2im`MV
ibi 4 bjfb[`iUefhV
ibi
Tp 4 k TMQ`KUibiV
Tp

Oe h2bi 2t+2bb Fm`iQbBb 4y
F9 4 Fm`iQbBbUM2rHQ;`2im`MV
ibi 4 F9fb[`iUk9fhV
ibi
Tp 4 k UR@TMQ`KUibiVV
Tp
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FE Print out (Cont.)
= iXi2biUM2rHQ;`2im`MV

PM2 a�KTH2 i@i2bi

/�i�, M2rHQ;`2im`M
i 4 yXNeRyj- /7 4 8yj8- T@p�Hm2 4 yXjjee
�Hi2`M�iBp2 ?vTQi?2bBb, i`m2 K2�M Bb MQi 2[m�H iQ y
N8 T2`+2Mi +QM7B/2M+2 BMi2`p�H,
@yXyyyRed939y yXyyy93N8Nk8
b�KTH2 2biBK�i2b,
K2�M Q7 t
yXyyyReRy89k

= O8 h2bi aF2rM2bb 4 y
= h4H2M;i?UM2rHQ;`2im`MV
= bj4bF2rM2bbUM2rHQ;`2im`MV
= bj
(R) @yXkjyk99
= ibi 4 bjfb[`iUefhV
= ibi
(R) @eXedy98e
= Tp 4 k TMQ`KUibiV
= Tp
(R) kX88yyNj2@RR
= Oe h2bi 2t+2bb Fm`iQbBb 4y
= F9 4 Fm`iQbBbUM2rHQ;`2im`MV
= F9
(R) 3Xe8kydj
= ibi 4 F9fb[`iUk9fhV
= ibi
(R) Rk8Xjjyd
= Tp 4 k UR@TMQ`KUibiVV
= Tp
(R) y
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