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da 1 ( 50 AZKHUL) AU oo,
Sﬁamaaummnmﬂi“Lﬂwé’umﬁmiwﬁﬁawmﬂ ( !\/\acroeconomic time series) LLay ﬁﬁaua@u—

NIUNAUIELANA1SRU (Financial time series) uﬂmmaﬂwmvm mmmLLUﬁUi'guLmeauiﬁu
13t (Time-varying conditional variance) sl ‘Viuﬂ‘tﬁﬂLLUUV]NﬂuEJ?,ﬂﬂumiﬂ’muﬂLLUU

1809 fip AR(1)-GARCH(1,1) Bsanansadowdy gﬂLLwammﬁlmmu:

Yy = P1Ys—1 + ay,
Ay = Ot€y,
€ ~ N(07 1)7

2 2 2
o; =w+aa;_4 + fo;_q,

a7 1.1 ( 10 AZWUY) INWUUINEDI AR(1)-GARCH(1,1) a9maianvungkuulididouly
V04 a, ¥30NENDNULNII AD 2991A183 Unconditional Expectation of a, :E(a;)
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Fof 1.2 ( 10 AZKUY) IINLUVIIED9 AR(1)-GARCH(1,1) asvaraavunsuuliiiteouly
V4 y, NIDNAMDNUUNIL AB 2INIAIVBY Unconditional Expectation of y, :E(y;)

P89 1.3 ( 10 ATLUY) INLUUIIEDY AR(1)-GARCH(1,1) 29va1Aanuwlsusuwuu kil
Rouly 199 a, I9NEMBNUENIN Ao 29AIUBY Unconditional Variance of a; :Var(a,)
wiounsszuRaulavesandnes 1910y weli 1 ¢, dnuaudfives Weakly Stationary
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o 1.4 ( 10 AZLUY) 9 AIANNLYSUTIBUU LT EoulY U89 v, sena1Idntenil

Aa 991A1984 Unconditional Variance of y; :Var(y;) WiaunssyRoulvvasnmisiives
90w el A1 y, Inantfves Weakly Stationary
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a 1 . = 1 a o oA 1 at
Yol 1.5 (10 AzUUL) 991 Kurtosis ¥4 o, Wsonadntewils Ao asmAwes o
t

b2
¥ o

WaNvuAnIbAILI1 MNReUl 3« a2 + 42 + 208 < 1 10U JULUUNINITZERIVRA o
eidnuwazumedy (Fat-Tail)
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do9 2 ( 90 AZKUL) ASWUUALR o

o 1%

1N veeaudideiAsygmans unInedesssumans (ERTC) Wloualulne spsoo.asc.
Fadudoyadviisnmiu SsP500 sevineiuil 2 ieunnsiau 1990 S fufl 31 Weusunau
2012 Tandioyatisdu 5,797 gadoya nTemeiiflemsunuusasadeldlumsuszane
mMaAswsTiAnsRumnyay

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

catCrep("\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")

U WN

BUATNA 2.1

S&P 500 stock market index from January 2, 1990 through December 31, 2012
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Yy o 1 ¥ A = ! a 1 v v A
Uail 2.1 (10 ATUW) INNADITELAT 2.1 hag UHUNINT 2.1 MuAnd1 Jeyaduiisan
U SeP500 HRdnuniy Weakly Stationary viseliimssinsla

Yaapulanenia v /.435 LAsugian1an1skulesiu naseuil 2/2559 w7



LAUNUIEDU. e,
Jadaulansnia 2/2559 LAUNEL DU NANEN

U9l 2.2 ( 10 AzUU) WBYIN1INAaRY Non-Stationary Uedvayasuis1Avu SeP500

Mudnausliinide ¥n1sass svegeu Dickey-Fuller Test (1979) Fuan
AU JUkUUaNNslun1svegeu Dickey-Fuller Test (1979) dfsUuuy 2a@suguuuuiman

1 wazedunedeunnievassuuuulunisnagey sl iinuaueuur suwuumanzaul
Autinide wiouniesuremgnaUsenay

)

1 U

Fofl 2.3 (10 AzLUY) 290AUTY VounnAdIALIEINNRIaday Dickey-Fuller Test
way FnAEeU Augmented Dickey-Fuller Test
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naesdayai 2.2

> testl=adfTest(sp500, 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

naesdayai 2.3

> testZ2=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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naesdayain 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

naesdayai 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
© —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
o -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 -3.41 -3.12

Source: The table is reproduced from Fuller (1996).
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dail 2.4 ( 10 AzuuY) INnaesteyan 2.2 2.4 \Wuran1svaaeu Dickey-Fuller Test
Toyanutis1ATu SeP500 A8 FULUUANNITIUNSNAABUTNIKANG1aTY

A Bivinudenldndesdeya ismilindes fviuAnindugunuvaunsivanzandign
Tunn3¥i Dickey-Fuller Test Fayadiismiiu SeP500 daausfigluns Test fuangay
way asUNanIIVIAFEU Yt fuuali i Level of Significance (o) = 0.05. Taglldnnes
afAlunaesteyail 2.5 Usznaunsasunanismagey
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dai1 2.5 ( 10 azuww) UnTelaindeyaduiisna1viu SeP500 196U UIAUIUMIAING
MOULNUTIIU (the continuously compounded daily percentage returns) &3 wanslanig

aung vy = [In(Py) — In(P-1)]. 901U Y13 plot graph Awanauunuseu dauansly
WNUATNG 2.2

LHUAINNA 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
! !

0.00
!

0.05

-0.10

T T T T T T
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AU INUWNUNINT 2.2 viudans iy waRnssunmaadeulmfdAgyusznslatng aes A
NARBULNUTIEIU (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. 0.0869 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

Uafl 2.6 (10 AzUUL) Nt Un3elAlY JULUU aun1s ARMA(p,g) lunisivuaiuy
aes lng lanan1sussnaivianzay aglu nassdeyad 2.6

naesdayai 2.6

AN INNERITENAT 2.6 WeUNan1sUTTINalusURUUENNTT ARMA(P,Q) vinufin
Insdenlduuudiassil Innuwanvauvseld dwmsu Jeyausziameinauwnusie Iy gadl

Stylized Facts of Returns fafilaafiusne lude 2.5 waglvissyauyfguieaiu Distribution
Y83iI5UNIU (Disturbance terms) lunguuuuinassuseinn ARMA(p.q)
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LAUATNT 2.3

residual term from model
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=
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BNUATNN 2.4
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Time

naesdayain 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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doil 2.7 (10 Azuww) wHUWA 2.3 - 2.4 waz naestieyail 2.7 uandiifufsnisises
/1 residual terms filsarnuuudraedlundesdoyadl 2.6
A0 INATIZNGANTINVDY residual terms Waz squared residual terms 9e19azLBEN
LAy IMAEUA21U dependence 984 squared residual terms nansnaaeuilddnudaiu
du3Ag1U 1Reliu Distribution Y84 fI5UNIU (Disturbance terms) lunguuuudnaeslszinm
ARMA(p.q) 3ol ognsls
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naesdayai 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 -1.872%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(>ltl)
mu 1.466e-04 5.974e-05 2.454 0.0141 *
arl 8.267e-02 .961e-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 0.0610 .
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

O O NO 0N

Log Likelihood:
18781.04 normalized: 3.240346

Description:
Sat May 27 00:32:00 2017 by user:
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dof 2.8 (10 Aazwuw) tevazunlulemni 399 Dynamic Dependencies Tu Conditional
Volatility vespmasnauwnuseiu dn3deiavasunuuinasstney undy wwuiaeslungy

ARMA(p,q)-GARCH(1,1) unu Tngnanisuszanauiuuingas uansegly ﬂaiaﬁa;daﬁ 2.8
A0 WsuNansUsEInalusULuUaNNTS ARMA(P,Q)-GARCH(1,1) iudnd1nisidenty

Wuudnaead deanumaneauviseldl dmsu doyaussiana1nauunusieiu Fad Stylized Facts
of Returns Asnlaefiusie Tude 2.5

TaapulalenIn v A.435 LAsuglin1ansdudesiu naseui 2/2559 w17



LAUNUIEDU. e,
Jadaulansnia 2/2559 LAUNELDHUTNANE e,

naesdayai 2.9

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

Standardised Residuals Tests:
Statistic p-Value

Jarque-Bera Test R ChiAz 1013.056 @
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 ©0.01488093
Ljung-Box Test R Q(20) 30.44316 0.06298405
Ljung-Box Test RAZ Q(10) 20.34375 0.026164
Ljung-Box Test RAZ QC15) 23.92157 0.06643744
Ljung-Box Test RAZ2 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

ot 2.9 ( 10 AzUUY) IWAETiLLINITLNITITIADUAIUIINZANTBILUUT 1883 ARMA(D,Q)-
GARCH(1,1) mﬂiymmmﬂéﬂuﬂaawamam 2.8 wuls Iwwﬂuiﬂjﬁuauaiuﬂaaqmamam 2.9 9539
aamwumammﬂmnmmmmmuawsalm mjizLmuaﬂiwum%&Jﬂlmlﬂmuﬂumiaﬁq
wUUIanasell agdls
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ol 3 ( 40 Azuuw) AU oo
tpsopuruiians anuTTmise dousnnuum Iiihdeyalulid quarterly txt uvihmsaing
wuudasafiefnuinansznuuuunain sewing msidsunlasaenaiuvesiuilnandngs-
@11N33U (the logarithmic change in the index of industrial production (indprod)) 53!\‘1?’7’1
WUlAn clip, = In(indprod,)- ln(mdprodt 1) waz 9n318uUWe (the inflation rate (cpi)) R
mmmlmmﬂ inf, = In(cpi)-In(cpi,1) Feitunaulumsadsyadoya itulunundesdeyadi
3.1 dadl

naesdayai 3.1

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

11960Q1 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
>
>
>
>
C

v

xt=da[,2:3]
xt=1log(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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Uaf 3.1 (10 AzwU) INNEBstayai 3.1 205U1EA1 Cross Correlation Matrix (CCM) 7
FLLULA lag 0 tazAl CCM MsLnug lag 1
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naesdayai 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 ©.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,] ©6 -20.5292 -20.1235 -20.3649 10.8126 ©.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 ©.0001
[12,] 11 -20.5918 -19.8480 -20.2906 6.6760 0.1540
[13,] 12 -20.6077 -19.7962 -20.2791 8.8503 0.0650
[14,] 13 -20.5864 -19.7073 -20.2304 3.0759 0.5452

Foil 3.2 (10 azuuw) ndoya CCM lunaesdoyadl 3.1 teseesiudions dadulad az
UTZINUNAN TENULUUNAIR fBUUUIIaee Vector Autoregressive Model: VAR(p) vnlaf
Toya Iuﬂdaﬁauuaﬁ 3.2 yihuavuuztheesiuiiens @onswau lag wuls il Ihden lag 7
wanzay Tnawnas AIC uaziden lag Mvanzaudnase @aewnast BIC
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naesdayai 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.1l + CPICore.12 + indpro.12 + CPICore.13 + indpro.13 + const

Estimate Std. Error t value Pr(>Itl)
CPICore.11 ©.6121629 ©0.0720920 8.491 6.8%e-15 ***
indpro.11 ©0.0729225 0.0200905 3.630 0.000368 ***
CPICore.12 ©0.1763004 ©0.0874061 2.017 0.045154 *
indpro.12 -0.0414065 ©.0231376 -1.790 ©.075176 .
CPICore.13 ©.1758309 0.0763792 2.302 0.022457 *
indpro.13 0.0420004 ©.0183724 2.286 ©.023396 *
const -0.0001868 ©.0005408 -0.345 0.730222

Signif. codes: @ ‘***’ 0.001 ‘**’ 9.01 ‘*’ 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.ll + indpro.1l1l + CPICore.12 + indpro.12 + CPICore.13 + indpro.13 + const

Estimate Std. Error t value Pr(>Itl)

CPICore.11 -1.293162 0.260792 -4.959 1.6le-06 ***
indpro.11 ©.550492 0.072677 7.574 1.73e-12 ***
CPICore.12 0.146986 ©0.316191 0.465 0.6426
indpro.12 -0.076790 ©.083700 -0.917 0.3601
CPICore.13 ©0.622406 0.276301 2.253 0.0255 *
indpro.13 0.036530 ©0.066462 ©0.550 0.5832
const 0.009286 ©0.001956 4.747 4.16e-06 ***

Signif. codes: @ ‘***’ 9.001 ‘**’ .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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49 3.3 (10 AzuuY) Yesopuiuiiens Wwanduladen lag Mivunzaulazyinn1sUseNie
LUUT1889 VAR(p) seitkandlunaeadayain 3.3

AU REURANTUTEUAUTULUU VAR(p) Mvisnzau w3auviaesunenansenuued inf,
10 clip, LAY NANTENUVD clip,_1 9B inf;
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LLNumW‘ﬁ 3.1: Orthogonal Impulse Response from Inflation
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Fofl 3.4 (10 AZKUL) DSUNYAIUINBVDILNUAINT 3.1 Orthogonal Impulse Response
from Inflation
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ol 4 ( 45 Azuuw) AU oo
Toyalulnd stock-dividend.txt Usznaumedeyasneipiou auisnan SeP500 wazdayaNu-
Huna (Dividend) sausid a.¢.1871 Wou unsiau 868 A, 2017 Woununwus $1uw 1754
YAUoya
MAUALA s, AD aON1ATINVDIRBTEIIAT SeP500 (the log of stock prices) wag d, Av asnIa
Nuveduiuma (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
1871.02 4.50
1871.03 4.61
1871.04 4.74
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

VV VVvoupwmNneeE 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.1 + 1 + tt + y.diff.lag)

Coefficients:
(Intercept) y.lag.1 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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naesdayai 4.1 (sia)

> 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 -4.429%e-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.1 + 1 + tt + y.diff.lag)

Coefficients:

(Intercept) y.lag.1 tt y.diff.lagl y.diff.lag2 y.diff.lag3
1.627e-05 -2.427e-01 8.055e-07 -5.612e-01 -2.74le-01 -1.489e-01

Paapulanenia 30 A.435 WAsygiian1en1sRulesiy MAseun 2/2559 wi---26



LAUNUIEDU. e,
Jadaulansnia 2/2559 LAUNELDHUTNANE e,

daf 4.1 (15 azwuw) dndnwnlideyanivlilundesdeyan 4.1 m seav I(p) vosdaya
St LS dt
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naesdayai 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) 3.136369 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: ©.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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dofl 4.2 (15 Azuww) muvguiinisidu log dividend-price ratio % axilfnvaziy deya
Uszunn 1(0) vide nandnitienilefe asnafiuvesiuidsnn SeP500 (the log of stock prices)
uag d, Ao asn1aiuveslutuna (the log of dividends) fanuduniusiulusyezeny wie
Cointegated fiu 131 Tunasnmszazen annsaduauduius 6

st = Bo + Bud + €

Tiinfnwidenlideyalundestoyad 4.2 nageuliiiuii aenidfiuvesiudsian SarPs00
(the log of stock prices) wag d, Av apn1d7NvesRuTuNG (the log of dividends) fiAa1u
dunusnulussuzen %3e Cointegated Au vielllesuy wwwslunisnegeulsznaunis
AOUME
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naesdayai 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.1l+error.L.1)
summary(fit)

VV VY 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(>Itl)
(Intercept) 0.0025343 0.0009343 2.712 0.00675 **
diff.st.L.1 0.2900093 0.0230939 12.558 < 2e-16 ***
error.L.1 -0.0063927 ©0.0031804 -2.010 ©0.04458 *

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

TaapulalenIa v A.435 LAsugiin1anstudesnu naseui 2/2559 w30



LAUNUIEDU. e,
Jadaulansnia 2/2559 LAUNELDHUTNANE e,

da9 4.3 (15 AZLUY) AUURTALUUINEDY ECM S¥1719 a8n1a7uve9auisnan SeP500
(the log of stock prices) uag d; Ao asn1auvesiutuna (the log of dividends) uansla

14
U

il

Asy = ap + Vs(51-1 — o — Prdi—1) + a1 Asi_ + €g

inAnw dedayananisuszanuuuudnass ECM Tunaesteyadl 4.3 ullsusiganu
wa Tugukuumzay wagedurensusumves aenanuvenvilsnan SaPs00 (the log of
stock prices) nsdlnwuuIaesliaglunasnin (Disequilibrium)
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