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999 1 ( 50 AZBUY) ALWUUALR o
%’amaaumunmﬂivmwéfwﬂimi%ﬁﬂwmﬂ ( Macroeconomic time series) kay Sﬁomao‘u—

NUANUIEIANNITRU (Financial time series) mmuawmm mm'mLLUiUi’;uLmeauim
13i@sfi (Time-varying conditional variance) ¥4l mﬂuiﬂwamusﬂé’ﬂumimmmLLUU

1804 Ao AR(1)-GARCH(1,1) Bsanansadoudy gULLwaumﬂmmu:

Y = O1Ye—1 + ay,
Gy = Ot€y,
€ N N(O, 1)7

2 2 2
o, =w+aa;_; + fo;_y,

v

a7 1.1 ( 10 AZKUYL) INWUUINEDI AR(1)-GARCH(1,1) asvaraavadnewuubiilheuly
VO a, YI0NENIDNULNIEY A 2911A1V09 Unconditional Expectation of a; :E(a;)
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a9l 1.2 ( 10 AZKBUYL) INWUUINEDI AR(1)-GARCH(1,1) asvaraavadnewuubiilheauly
Y04 y, WInaMDNULNils Av 29IAIUBY Unconditional Expectation of y, :E(y,)

a9 1.3 ( 10 AZUUL) NUUUTIEDY AR(1)-GARCH(1,1) aemarAutususivuwuulaid
Woulv 984 @, 30NaNBNTenils Av 2IM1AI989 Unconditional Variance of a; :Var(a,)

wanssyyteulvvesdmsfiwes Adndu wieli a1 a, lnueaudRves Weakly Stationary
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1o?1 1.4 (10 Azuuw) WnArNuLUTITIuLUUliRouly ves ¢, Wienandntlunis

fB 991A1984 Unconditional Variance of y; :Var(y;) Wiaunissydoulvvasrmmisniives
n9wdu el 1 y, TnuautRves Weakly Stationary
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o | . = 1 a o I | at
Yol 1.5 (10 AzUUL) 991 Kurtosis ¥89 o, Wsonaidndewils fie asmAwes o,
t

b2
%4 o

SLQJ =3 1 d' VL 2 2 [ a Y}
wieuakandliiaudn mnReuly 3 x o2 + 52 + 208 < 1 10WA39 JULUUNSNTEEMIVEA a4
wildnwauztdureeiu (Fat-Tail)
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499 2 ( 90 AZLHUL) ALWUUALR o

N33 veeaudideiAsygmans unInedesssumans (ERTC) ddoualulne spsoo.asc.
Fadudoyadviisnmu SsP500 sewinetuil 2 Weunnsiau 1990 fa Jufl 31 ieusune
2012 Tandioyatisdu 5,797 gadoya nTemewiiflemuuuusasadelilumsuszanue
MaATYEIRN IRz

naeedayai 2.1

setwd("/Users/wasinsiwasarit/Desktop/EC435")

cat(rep("\n",50)) #clear R Console

library(fGarch)

sp500=read.table("sp500.asc.txt",header=F)

plot.ts(sp500,main="S&P 500 stock market index from January 2, 1990 through December 31, 2012")

oA WN

LHUAINNA 2.1

S&P 500 stock market index from January 2, 1990 through December 31, 2012
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dafl 2.1 ( 10 AzUUY) INNFestoyai 2.1 uay UNUAIMA 2.1 vIuAad Yeyanvilsnan
W SeP500 HRudnuny Weakly Stationary v3sliingieinsla
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U9l 2.2 ( 10 AzUU) WeYIN1INAGRY Non-Stationary Uedtayasuis1A1vu SeP500

Mudnausiunidy ¥n1sase fmegeu Dickey-Fuller Test (1979) Yuun
AU JUkUUaNNslun1svageu Dickey-Fuller Test (1979) dfsUuuy 3a@sugUkuuman

W wazedunedeunnsievasguuuulunsnaaey Ml Iiinwawsuwus guwuuimangaul
Autinide wieunaesunemgnaUsenauy

)

ot 2.3 ( 10 AZLU) WOAUIIY TaUANANTEAYITENINFIMAgaU Dickey-Fuller Test
uay AINAaaU Augmented Dickey-Fuller Test
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naesdayain 2.2

> testl=adfTest(sp50@, lags = 1, type = c("nc"), title = NULL,
+ description = NULL)
> testl

Title:
Augmented Dickey-Fuller Test

Test Results:
PARAMETER:
Lag Order: 1
STATISTIC:
Dickey-Fuller: 0.621
P VALUE:
0.8143

naesvayai 2.3

> test2=adfTest(sp500, lags = 1, type = c("c"), title = NULL,
+ description = NULL)
> test?2

Title:
Augmented Dickey-Fuller Test

Test Results:
PARAMETER:
Lag Order: 1
STATISTIC:
Dickey-Fuller: -1.4151
P VALUE:
0.5318
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naasdayain 2.4

> test3=adfTest(sp500, lags = 1, type = c("ct"), title = NULL,
+ description = NULL)
> test3

Title:
Augmented Dickey-Fuller Test

Test Results:
PARAMETER:
Lag Order: 1
STATISTIC:
Dickey-Fuller: -1.973
P VALUE:
0.5898

naasdayain 2.5

Table A: Empirical Cumulative Distribution of 7

Significance level 0.01 0.025 0.05 0.10
Sample Size T The 7 statistic: No Constant or Time Trend (a, = a, = 0)
25 —-2.65 -2.26 -1.95 -1.60
50 —-2.62 -2.25 -1.95 -1.61
100 —-2.60 -2.24 -1.95 -1.61
250 —-2.58 -2.24 -1.95 -1.62
300 —-2.58 -2.23 -1.95 -1.62
o —-2.58 -2.23 -1.95 -1.62

The T, statistic: Constant but No Time Trend (a, = 0)

25 -3.75 -3.33 -2.99 -2.62
50 -3.59 -3.22 -2.93 -2.60
100 -3.50 -3.17 -2.89 -2.59
250 -3.45 -3.14 —2.88 -2.58
500 —3.44 -3.13 -2.87 -2.57
© —3.42 -3.12 —2.86 -2.57

The 7_ statistic: Constant + Time Trend

25 —4.38 -3.95 -3.60 -3.24
50 —4.15 -3.80 -3.50 -3.18
100 —4.05 -3.73 —-3.45 -3.15
250 -3.99 -3.69 -3.43 -3.13
500 -3.97 -3.67 -3.42 -3.13
© -3.96 -3.67 -341 -3.12

Source: The table is reproduced from Fuller (1996).
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dail 2.4 ( 10 AzuuY) INnaesteyan 2.2 2.4 \Wunan1svaaeu Dickey-Fuller Test
Toyanuiis1Aru SeP500 ArggUluuainTiuNSAaaUTIkAne1ail

frana Tivinudenldndesdeya iemilindes fviuAnindugunuvannsivanzandian
Tun3¥i Dickey-Fuller Test Fayaduiisnasfu SaP500 faaufgmulunts Test Aivanzas
uay asUnanInAdey i fuuali A Level of Significance (o) = 0.05. Taglildnnas
afAlunaestoyail 2.5 Usznaunsagunanisnagey

Jaaeulanenin 31 .435 LATYgHAN1aNSRuToIRU MASEUN 2/2559 w11



LAUNUIEDU e,
Jadaulansnin 2/2559 LAUNELTYUTINENE Y e,

Pai1 2.5 ( 10 azuuw) UnTelaindeyadviisnaviu SeP500 196U UIAUIUTIAING
MOULNUIIUTU (the continuously compounded daily percentage returns) &3 wanslaeae

aung vy = [In(P) — In(P-1)]. 9101 L3 plot graph Amaneulnuseiu dsuandly
WAUATNA 2.2

LHUNINA 2.2

The continuously compounded daily percentage returns of S&P 500 from January 2, 1990 through December 31, 2012

log_retum
0.05 0.10
1

0.00

-0.05

-0.10

T T T T T T
o 1000 2000 3000 4000 5000 6000

ADIU INUNUNNT 2.2 viudaunm iy wgRnssunisedeulmfdAylsznislatng ves A
NARBUWNUIIEIU (Stylized Facts of Returns)
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> modell=auto.arima(log_return)
> modell

Series: log_return

ARIMA(3,0,3) with non-zero mean

Coefficients:
arl ar2 ar3 mal ma2 ma3  mean
-0.0465 -0.4851 0.6626 -0.0124 0.4410 -0.6993 2e-04
s.e. 0.08069 0.0628 ©0.0836 0.0820 ©0.0584 0.0767 le-04

sigmaA2 estimated as 0.0001359: 1log likelihood=17580.85
AIC=-35145.7 AICc=-35145.67 BIC=-35092.38

Uaf 2.6 ( 10 Azuuw) viaeantu 1n3elald sUkuy aun1s ARMA(p,g) Tunisimuakuy
aes lng lanan1sussanamvinzay aglu ndesdeyad 2.6

naasdayai 2.6

AN NNABITRYAT 2.6 WeuNanITUTEnalugULUUaNNTT ARMA(R,Q) viNuAn
nsidenlduuudiaesil Ianuwanvauvseld dmsu Jeyaussimaineunnusig iy gadl

Stylized Facts of Returns asyilsadiusne Tute 2.5 waslvissyauyfgnuieniu Distribution
Y83iI5UNIU (Disturbance terms) lunguuwuuinassuseinn ARMA(p.q)
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LAUATNT 2.3

residual term from model
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naasdayadn 2.7

> Box.test(residualA2, type="Ljung-Box", lag = 10)
Box-Ljung test

data: residualA2
X-squared = 4410, df = 10, p-value < 2.2e-16
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dofl 2.7 (10 AzUYL) WNLUAWT 2.3 - 2.4 Wag naesdoyail 2.7 uandliifiufisnsiing e
A1 residual terms filsnuuudraeslundesdoyadl 2.6
A0 IATIZANGANTINVDI residual terms Waz squared residual terms 9e19azLEN
WazyiNNINAEB AL dependence ¥4 squared residual terms nansvaaeUTilaTawdaiy
au3AgIu LAeInu Distribution Wed F75UNIU (Disturbance terms) lunguuuudnaaausenm
ARMA(p.q) vi3ald ognsls
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naasdayain 2.8

> model2=garchFit(~arma(3,3)+garch(1l,1),data=1og_return,trace=F)
> summary(model2)

Title:
GARCH Modelling

Call:
garchFit(formula = ~arma(3, 3) + garch(l, 1), data = log_return,
trace = F)

Mean and Variance Equation:

data ~ arma(3, 3) + garch(l, 1)
<environment: 0x1099dc238>

[data = log_return]

Conditional Distribution:

norm
Coefficient(s):
mu arl ar2 ar3 mal ma2
1.4663e-04 8.2669e-02 -1.8729%e-01 8.2523e-01 -9.6878e-02 1.5954e-01
ma3 omega alphal betal
-8.4695e-01 9.8784e-07 7.3521e-02 9.1912e-01
Std. Errors:

based on Hessian

Error Analysis:

Estimate Std. Error t value Pr(cltl)
mu 1.466e-04 5.974e-05 2.454 0.0141 *
arl 8.267e-02 .96le-02 1.038 0.2991
ar2 -1.873e-01 .753e-02 -2.140 0.0324 *
ar3 8.252e-01 .775e-02 12.180 < 2e-16 ***
mal -9.688e-02 .778e-02 -1.246 0.2129
ma2 1.595e-01 .515e-02 1.874 0.00610 .
ma3 -8.469e-01 .323e-02 -13.395 < 2e-16 ***
omega 9.878e-07 .815e-07 5.443 5.24e-08 ***
alphal 7.352e-02 .404e-03 11.481 < 2e-16 ***
betal 9.191e-01 .812e-03 134.919 < 2e-16 ***

Signif. codes: @ ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 <’ 1

AP O N O N

Log Likelihood:
18781.04 normalized: 3.240346

Description:
Sat May 27 00:32:00 2017 by user:
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Yot 2.8 (10 Azwuw) tevazunlulemi 399 Dynamic Dependencies Tu Conditional
Volatility vespmanauwnusieiu dn3dedavasunuuinasstieiy undy wuuiaeslungy

ARMA(p,q)-GARCH(1,1) unu Tngnanisussanauiuuingsd uansegly ﬂﬁ@ﬁ“ﬁ@yja‘ﬁl 2.8
A0 WsUNansUsEINalusULUUaNNTS ARMA(P,Q)-GARCH(1,1) viuAnd1nisidenty

wuudnaesdl danumangauviselyl §1su teyaussianenauunusedu Fai Stylized Facts
of Returns fsnlaefiusne Tude 2.5

Jagulanenia 331 A.435 LATYgaN1aN1sRuloy MASeun 2/2559 w17



LAUNUIEDU e,
Jadaulansnin 2/2559 LAUNELTYUTINENE Y e,

naasdayain 2.9

Description:
Sat May 27 00:32:00 2017 by user:

Standardised Residuals Tests:
Statistic p-Value

Jarque-Bera Test ChiAZz 1013.056 @

R

Shapiro-Wilk Test R W NA NA
Ljung-Box Test R Q(10) 7.946147 0.6340973
Ljung-Box Test R Q(15) 29.26162 ©.01488093
Ljung-Box Test R Q(20) 30.44316 ©0.06298405
Ljung-Box Test RAZ QC10) 20.34375 0.026164
Ljung-Box Test RAZ QC15) 23.92157 0.06643744
Ljung-Box Test RAZ Q(20) 26.44987 0.1514628
LM Arch Test R TRAZ  20.16651 0.06400093

Information Criterion Statistics:
AIC BIC SIC HQIC
-6.477241 -6.465742 -6.477247 -6.473240

Foi 2.9 (10 ATuL) TUiiLwIMnglUNITIIEDUANLIINIZALVDILUUT 1803 ARMA(p,q)-
GARCH(1,1) wﬂﬁvmmmﬂé’luﬂaawamw 2.8 wuls Iwwmhmamiuﬂaawamw 2.9 9599
aauLmumammﬂmnmmmmmuammaiu :uﬂiumuaulwum%mimlmmmlumiam
WUUIapIseld agals
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LAUYNUIEDU. ......
LAUNLLUYUTNANE. ...

$o%t 3 (40 AzLUY)

av v
AZLUUNLA

Wesoaeiufians 1nus¥nide dausnniummn lnihdeyalulvd quarterly.txt 1vinsasng
wuuaedilefnwinansenulLuunaln senine Msidsuwlataenifiuvesniviinaningn-

@11N33U (the logarithmic change in the index of industrial production (indprod)) %!ﬂﬁﬂ
WIUlAA clip, = In(indprod,)- ln(mdpmdt 1) waz 9n518uUe (the inflation rate (cpi)) GR
ALAN inf, = In(cpiy)-In(cpiy 1) mumumaﬂumﬁamwmaua LUuVLUmmaawauaw

3.1 A9

naasdayad 3.1

> da=read.table("quarterly.txt",header=T)
head(da)
Date CPICore indpro

v

1 1960Q1 30.57 26.78
2 1960Q2 30.63 26.20
3 1960Q3 30.60 25.77
4 196004 30.77 25.15
5 1961Q1 30.83 24.77
6 1961Q2 30.93 25.75
> Xt=da[,2:3]

> xt=log(xt)

> rt=diffM(xt) ### differecing all series
> cem(rt)
[1] "Covariance matrix:"
CPICore indpro

CPICore 4.54e-05 -2.24e-05
indpro -2.24e-05 2.26e-04
CCM at lag: ©

[,11 [,2]
[1,] 1.000 -0.221
[2,] -0.221 1.000
Simplified matrix:
CM at lag: 1

+ .
-+
CM at lag: 2
+ -
-+
CM at lag: 3
+ .

CCM at lag: 4
+ .
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ol 3.1 (10 AzuuY) Nndasdoyail 3.1 9se5UNBAN Cross Correlation Matrix (CCM) 71
ALY lag 0 ezl CCM Msuns lag 1
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naasdayai 3.2

Summary table:

p AIC BIC HQ M(p) p-value
[1,] © -18.5633 -18.5633 -18.5633 0.0000 0.0000
[2,] 1 -20.3268 -20.2592 -20.2994 318.5820 0.0000
[3,] 2 -20.3987 -20.2634 -20.3439 19.7746 0.0006
[4,] 3 -20.4658 -20.2630 -20.3837 18.7305 0.0009
[5,] 4 -20.5121 -20.2416 -20.4025 14.9553 0.0048
[6,] 5 -20.5057 -20.1676 -20.3688 5.9168 0.2054
[7,] © -20.5292 -20.1235 -20.3649 10.8126 0.0288
[8,] 7 -20.4939 -20.0206 -20.3022 1.0090 0.9084
[9,] 8 -20.4743 -19.9333 -20.2552 3.5508 0.4702
[10,] 9 -20.4861 -19.8775 -20.2397 8.5473 0.0735
[11,] 10 -20.5906 -19.9144 -20.3168 23.1371 0.0001
[12,] 11 -20.5918 -19.8480 -20.2906 6.6760 @.1540
[13,] 12 -20.6077 -19.7962 -20.2791 8.8503 0.0650
[14,] 13 -20.5864 -19.7073 -20.2304 3.0759 @.5452

#adl 3.2 (10 Azuuw) Mndoya CCM Tundeatoyadl 3.1 Yosessduiiens dadulad s
UTENNANAN ITNULUUNATH AI8LlUUINa8d Vector Autoregressive Model: VAR(p) wnld
foya Tundestouad 3.2 iuszuusioosfuiisns Hendiunu lag iuls st Thden lag 7
winzay Tnewnast AIC uaziden lag fmnzaudnada @aeinasst BIC
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naasdayain 3.3

> varfit=VAR(rt,p=3)
> summary(varfit)

VAR Estimation Results:

Endogenous variables: CPICore, indpro
Deterministic variables: const

Sample size: 190

Log Likelihood: 1416.046

Roots of the characteristic polynomial:
0.9293 0.5662 0.5662 0.4687 0.4687 0.3012
Call:

VARCy = rt, p = 3)

Estimation results for equation CPICore:

CPICore = CPICore.ll + indpro.ll + CPICore.l12 + indpro.12 + CPICore.13 + indpro.13 + const

Estimate Std. Error t value Pr(>Itl)
CPICore.11 0.6121629 0.0720920 8.491 6.89%e-15 ***
indpro.11 ©.0729225 0.0200905 3.630 0.000368 ***
CPICore.12 ©0.1763004 0.0874061 2.017 0.045154 *
indpro.12 -0.0414065 0.0231376 -1.790 ©.075176 .
CPICore.13 0.1758309 0.0763792 2.302 0.022457 *
indpro.13  0.0420004 0.0183724 2.286 ©.02339% *
const -0.0001868 ©0.0005408 -0.345 0.730222

Signif. codes: @ ‘***’ 9.001 ‘**’ .01 ‘*’ 0.05 ‘.’ 0.1 <’ 1

Residual standard error: 0.00314 on 183 degrees of freedom
Multiple R-Squared: 0.7877, Adjusted R-squared: 0.7808
F-statistic: 113.2 on 6 and 183 DF, p-value: < 2.2e-16

Estimation results for equation indpro:

indpro = CPICore.1l1l + indpro.11 + CPICore.12 + indpro.12 + CPICore.13 + indpro.13 + const

Estimate Std. Error t value Pr(>ltl)

CPICore.11 -1.293162 ©.260792 -4.959 1.6le-06 ***
indpro.11  ©.550492 ©.072677 7.574 1.73e-12 ***
CPICore.12 ©.146986 0.316191 0.465 0.6426
indpro.12 -0.076790 ©.083700 -0.917 0.3601
CPICore.13 ©.622406 ©0.276301 2.253 0.0255 *
indpro.13 ©.036530 ©0.066462 ©0.550 ©.5832
const 0.009286 0.001956 4.747 4.16e-06 ***

Signif. codes: @ ‘***’ 9.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 * ’ 1

Residual standard error: ©0.01136 on 183 degrees of freedom
Multiple R-Squared: ©.4238, Adjusted R-squared: 0.4049
F-statistic: 22.43 on 6 and 183 DF, p-value: < 2.2e-16
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Joi 3.3 (10 AzLUY) Usseesduisns lasnaulalden lag MvngaulazyinNsUTEUNU
wuud1ae9 VAR(p) Aenuandlundestoyan 3.3

AU REURANTUTENNALUTULUU VAR(p) sz as wiauviaesunenansenuues inf,
010 clip, AT NANTENUVDN clipi_y D inf;
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WHUN W 3.1: Orthogonal Impulse Response from Inflation

0.002

indpro
0.000

-0.002
|

-0.004
|

Tof 3.4 (10 AZKUL) D5UBAUMIIBVBILNUAING 3.1 Orthogonal Impulse Response
from Inflation
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ol 4 (45 Azuuw) AU o
Toyalulnd stock-dividend.txt Usznaumedeyaseibion auisnan SeP500 wazdoyatiu-
Huna (Dividend) fausid a..1871 Wou unsiau 868 A, 2017 Woununwus $1uw 1754
YAUoya
MAUALA s, Ao aONIATINVDIRBHEIIAT SeP500 (the log of stock prices) wag d, Av asnia
Auweduiuma (the log of dividends)

naasdayai 4.1

library(fUnitRoots)
library(quantmod)
stock_dividend=read.table("stock_dividend.txt" ,header=T)
head(stock_dividend)
Date P D
1871.01 4.44 0.26
1871.02 4.50 0.26
1871.03 4.61 0.26
1871.04 4.74 0.26
1871.05 4.86 0.26
1871.06 4.82 0.26
st =log(stock_dividend$P)
plot.ts(st,main="S&P 500 Stock Price Index")
dt = log(stock_dividend$D)
plot.ts(dt,main="Dividend™)
ml=adfTest(st, lags = 3, type = c("ct"), title = NULL,description = NULL)
ml@test$p.value

VVVVvoupwmNneEeE vV V V YV

vV Vv

0.6583257
ml@test$parameter
Lag Order

3
> ml@test$lm

v

Call:
Im(formula = y.diff ~ y.lag.1l + 1 + tt + y.diff.lag)

Coefficients:
(Intercept) y.lag.1l tt y.diff.lagl y.diff.lag2
1.030e-03 -2.731e-03 1.322e-05 3.044e-01 -7.510e-02
y.diff.lag3
-2.102e-02
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naesdoyai 4.1 (sa)

> m2=adfTest(dt, lags = 3, type = c("ct"), title = NULL,description = NULL)
> m2@test$p.value

0.5448925
> m2@test$parameter
Lag Order
3
> m2@test$lm

Call:
Im(formula = y.diff ~ y.lag.1 + 1 + tt + y.diff.lag)

Coefficients:
(Intercept) y.lag.1 tt y.diff.lagl y.diff.lag2 y.diff.lag3
-2.890e-03 -1.266e-03 4.814e-06 2.187e-01 3.377e-01 1.594e-01

> m3=adfTest(diff(st), lags = 3, type = c("ct"), title = NULL,description = NULL)

Warning message:

In adfTest(diff(st), lags = 3, type = c("ct"), title = NULL, description = NULL) :
p-value smaller than printed p-value

> m3@test$p.value

0.01
> m3@test$parameter
Lag Order
3
> m3@test$lm

Call:
Im(formula = y.diff ~ y.lag.1 + 1 + tt + y.diff.lag)

Coefficients:
(Intercept) y.lag.1 tt y.diff.lagl y.diff.lag2 y.diff.lag3
-1.109e-04 -7.605e-01 3.184e-06 6.496e-02 -8.138e-03 -4.429e-02

> m4=adfTest(diff(dt), lags = 3, type = c("ct"), title = NULL,description = NULL)

Warning message:

In adfTest(diff(dt), lags = 3, type = c("ct"), title = NULL, description = NULL) :
p-value smaller than printed p-value

> m4@test$p.value

0.01
> m4@test$parameter
Lag Order
3
> m4@test$lm

Call:
Im(formula = y.diff ~ y.lag.1l + 1 + tt + y.diff.lag)

Coefficients:

(Intercept) y.lag.1l tt y.diff.lagl y.diff.lag2 y.diff.lag3
1.627e-05 -2.427e-01 8.055e-07 -5.612e-01 -2.741le-01 -1.489%e-01
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daf 4.1 (15 azwuw) Widndnwlideyanlvlilundesdeya 4.1 m seav I(p) vosdaya
s¢ WAE d;
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naasdayai 4.2

> fit <- Im(st ~dt)
> summary(fit)

Call:
Im(formula = st ~ dt)

Residuals:
Min 1Q Median 3Q Max
-1.07695 -0.19837 ©0.01338 ©0.21131 0.81566

Coefficients:

Estimate Std. Error t value Pr(>ltl)
(Intercept) 3.13636% ©0.007250 432.6 <2e-16 ***
dt 1.196288 0.004387 272.7 <2e-16 ***

Signif. codes: @ ‘***’ 9.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 * ’ 1

Residual standard error: ©0.2951 on 1752 degrees of freedom
Multiple R-squared: 0.977, Adjusted R-squared: 0.977
F-statistic: 7.435e+04 on 1 and 1752 DF, p-value: < 2.2e-16

> error=residuals(fit)

> ml=adfTest(error, lags = 3, type = c("ct"), title = NULL,description = NULL)

Warning message:

In adfTest(error, lags = 3, type = c("ct"), title = NULL, description = NULL) :
p-value smaller than printed p-value

> ml@test$p.value

0.01
> ml@test$parameter
Lag Order
3
> ml@test$lm

Call:
Im(formula = y.diff ~ y.lag.1 + 1 + tt + y.diff.lag)

Coefficients:

(Intercept) y.lag.1l tt y.diff.lagl y.diff.lag2 y.diff.lag3
4.397e-05 -1.377e-02 -5.008e-08 3.229e-01 -5.263e-02 4.615e-03
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of 4.2 (15 Azuu) Munnuinnslu log dividend-price ratio & qgildnuaizidu doya
UseLan 10) 39 NaMdNtuntAe aan1aNuUIRYlsInl SeP500 (the log of stock prices)
wag d, Ae asn1anuvesduduna (the log of dividends) ianudunusiuluszezeny wie

4

Cointegated fiu 141l Tupaennszuze1 aunsalisunuduiug lasl

s¢ = Bo + Pudy + €

Tindnwdenlddeyalunassdeyain 4.2 negeuliiiuii aendiiuvewudsian SeP500
(the log of stock prices) wag d, Av asn1a7NvesRuiluna (the log of dividends) fAa1u
duiusiulussuzenn wise Cointegated fu Mellvosuy wWuIMsluNsNAdaUUIENBUNIS
MBUAEY
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naasdayad 4.3

diff.st.L.1l=Lag(diff(st),k=1)

diff.st =diff(st)

diff.dt=diff(dt)
diff.dt.L.1l=Lag(diff(dt),k=1)

error.L.1 =Lag(error,k=1)
error.L.l=error.L.1[2:1754]

fit <- Im(diff.st~diff.st.L.1+error.L.1)
summary(fit)

VVVY V VYV VY

Call:
Im(formula = diff.st ~ diff.st.L.1 + error.L.1)

Residuals:
Min 1Q Median 3Q Max
-0.28189 -0.01871 0.00216 ©0.02178 0.38447

Coefficients:

Estimate Std. Error t value Pr(>ltl)
(Intercept) 0.0025343 ©0.0009343 2.712 0.00675 **
diff.st.L.1 0.2900093 0.023093%9 12.558 < 2e-16 ***
error.L.1 -0.0063927 0.0031804 -2.010 0.04458 *

Signif. codes: @ ‘***’ 0.001 ‘**’ .01 ‘*’ 0.05 ‘.’ 0.1 * ’ 1
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Pa9 4.3 (15 AZLUY) FUURTTLUUINEDY ECM 21319 apn1a7iueee9auilsnan SaP500
(the log of stock prices) az d, v aon1a7uveIRutlung (the log of dividends) ansla
il

Asy = ag + Vs(st-1 — Bo — Bidi—1) + a1 Asi_y + €5

Intndnw diedeyananisuszanauuudnaes ECM lundesdoyai 4.3 11lgusgau
wa Tugukuuivgad wagedutensusumves aenanuvensiisnan SaP5s00 (the log of
stock prices) nsflnkuuIaesliaglunaenin (Disequilibrium)
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