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X, Y Ll
1615 1243.5 2002
1795 1390 2003
2015 1559 2004
2315 1781 2005
2660 2046.5 2006
2990 2311 2007
3280 2551 2008

Jleszay L) B Je Fet (s aad ol M 4G by CJ:A\ zosed) B
RATS 5.04 5 seeaSdl sl
Linear Regression - Estimation by Least Squares

Dependent Variable T
Annual Data From 1994:01 To 2008:01

Tsable Chservations 15 Degrees of Freedom 12
Centered R**Z 0.999930 R Bar **2 0.999977
Uncentered R¥*2 0.99999¢8 T x R**2 15.000
Hean of Dependent Variable 1257.2000000
3td Error of Dependent Variable 663.6160083
Standard Error of Estimate 3.1985455
Suw of Sgquared Residuals 122.766832042
Regression F(Z,12) 301313.11:259
Significance Level of F 0.00000000
Iurhin-Watson 3tatistic 0.673643
Variable Coeff std Error T-3tat Signif
o e e e e e e R R T R e Rl R Rl e i i e el e e il e il e i i e e i e
1. Constant -7.204279236  1.829761263 -3.93728 0.00157257
2. T{1l} 0.222825530 0.036615691 6.08552 0.00005455
3. X 0.623202236 0.025194776 24,73537 0.00000000
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Linear Regression - Estimation by Least 3quares
Dependent Variakle DY
Annual Data From 1995:01 To 2008:01

Usakhle Chservations 14 Iegrees of Freedom 11
Centered R*#*2 0.999234 R Bar *#*2 0.993095
Uncentered R¥%2 0.599546 T x R*#*Z 13,995
Mean of Dependent Variable 146. 50000000
Ztd Error of Dependent Variabhle 76.39497567
Standard Error of Estimate Z.29304607
Zum of Jgquared Residuals 58.091173217
Fegression F(Z,11) 7177.8245
Significance Lewvel of F 0.00000000
Iurbin-Watson Statistic 1.969185
Variahle Coeff Ztd Error T-3tat Signif
b e i ol i Bl e i ol B e il Bl Bl il Bl e i el i ol B i i e e i ol
1. Constant 2.584415850605 1.3577456151 2.09479 0.0e6014044
2. D¥{1} 0.23878555659 0.0251813152 9.45265 0.00000125
3. DX 0.59961558163 0.0193807615 30.93871 0.00000000

DoVl o, 1 e DB g dll 5 b e Wsstl ol i) eias g ALl sda oy
Mo ale B 5,08 Z3gadl Wb OF LS (n-2) dtalie 14 e

-138-



Ry Shal) oo Lsme WIS (il (of alax| &gme LWl ek 5 R7 =0.9992
T A Al e L ST Ll a5 aalll) acdll Cosgie vb OV 5% s
Oyl gmim > adlam] OF V) 5% &gime e g 11 & B pdy Cidgin )53
IRV IOV PR - (S (PR P,

o Bl ol ol ey gl 23 sl SBlae o B OF L3
(0.59 50.62) 5 J oY Leleadd 2wl (0.23 50.22) : k> J oY 5 (oY) a )l
s Wsde JoV1 235l 3 Lede famdll el lael S g1 Jolaold 2l
A b Jlenzaly G5y cllan V1 cp GV BLEYI o 23 sed) mmnan ook 23
'RATS 5.04 ol ol 2 e ooy il a8 Cochrane-Oreutt

Fegression with ARl - Estimation by Cochrane-Orcutt
Dependent Variable ¥
Annual Data From 1995:01 To Z008:01

Usable Chservations 14 Degrees of Freedom 10
Centered R¥%2 0.399357 E Bar *¥2 0.933594
Unoentered R¥*2 0.595355 T x R**2 14,000
Mean of Dependent Variable 1311.2857143
Ztd Error of Dependent Variable £53.4583359
Standard Error of Estimate 1.3070776
Zum of S3quared Residuals 17.0584519108
Durhin-Watson 3tatistic 2.278697
213-1) 4.371054
Significance Lewel of Q 0.11241350

Varishle Coeff std Error T-5tat Signif
b Ol O Ol Ol Ol Bl ol B ol e Ol
1. Constant -3.170642272  1.343751037 -2.35955 0.03995422
2. Tily 0.232100312 0.015792767 14.6%9662 0.00000004
3. X 0.615141751 0.010986171 55.99237 0.00000000
b2 Ol el Ol el Ol i Ol Bl Bl e e Bl el e il e e
4, RHO 0.3910458353 0.121682865 3.21367 0.00927417
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Dependent Yariahle: LOGC
Method: Least Squares
Date: 05/2203  Time: 03:09
sample: 125

Included observations: 25

“ariable Coeficient  Std. Error t-Statistic . Prob

C 2480712 0128732 1927042 0.0000

LOGL 0257384 0026933 9.5355866  0.0000

LOGK 0640170  0.034761 1841612 0.0000
R-squared 0.941473  Mean dependent var 4375637
Adjusted R-squared 0936152 S.D. dependent var 03652597
=.E. of regression 0.092304  Akaike info criterion -1.8152593
sum squared resid 0187440  Schwarz criterion -1.663023
Log likelihood 2569117 F-statistic 176.9458
Durbin-\Watson stat 2545210 ProbiF-statistic) 0.000000
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Nonlinear Least Sguares - Estimation by Gauss-Newton

Convergence in 41 Iterations. Final criterion was 0.0000042 < 0.0000100
Dependent Variable C

Ouarterly Data From 1947:01 To 1995:03

Uzable Chservations 195 Degrees of Freedom 192
Centered R*%2 0.299019 E Bar #%2 0.299009
Uneentered R¥%2 0.999341 T x R#%2 194,969
Mean of Dependent WVarisble 1974, 4145752
Ztd Error of Dependent Variable 870.2600021
Standard Error of Eztimate 27.3989774
Sur of Zcuared Residuals 144135, 16055
Fegression F(Z,192) 07763, 0676
Significance Lewel of F 0.00000000
Durhin-Wat=zon 3tatistic 0.597398
Varisble Coeff 5td Error T-3tat Signif
e i i i i e i e i e e i e il i i e i i e e il i e e i ol i e ol ol el el e
1. &40 2B6.33157074 16.71186748 15.33830 0.00000000
2. 0.195199587 0.02109505 0.25335 0.00000000
3. Az 1.17895089 0.01283515 03.38638 0.00000000
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sda 03| S5 .Cross validation &k h, sLLl ik o3 Olus psl
3lg S J=l e Cross validation jlas jx.as Gy sl Cle e ag L)
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5 5:) 44 ke Cross Validation dls 5 6L i 1(4) J gt

Kernel form 5l ) S

;Ua_nml" f . . .
=" Triangular ‘_;Ll\ Epanechnikov Gaussian Gmld\

Rectangular

cr h cv h cr h crv h

n n n n

0.2946 | 0.005 | 0.3104 | 0.005 | 0.2703 | 0.005 | 0.2792 | 0.005

0.2759 | 0.010 | 0.2836 | 0.010 | 0.2619 | 0.010 | 0.2669 | 0.010

0.2587 | 0.05 | 0.2603 | 0.05 | 0.2658 | 0.05 | 0.2596 | 0.05

0.2588 | 0.075 | 0.2589 | 0.075 | 0.2882 | 0.075 | 0.2654 | 0.075

0.2683 | 0.015 | 0.2742 | 0.015 | 0.2590 | 0.015 | 0.2625 | 0.015

0.2626 | 0.020 | 0.2690 | 0.020 | 0.2585 | 0.020 | 0.2605 | 0.020

0.2601 | 0.035 | 0.2626 | 0.035 | 0.2599 | 0.035 0.258 | 0.035

0.2594 | 0.08 | 0.2589 | 0.08 | 0.2945 | 0.08 | 0.2672 | 0.08

0.2589 | 0.065 | 0.2592 | 0.065 | 0.2700 | 0.065 | 0.2624 | 0.065
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declare vector[series] yHat _wec (7]
compute [vector] bandwidth vec = |(0.005,0.01,0.05,0,075,0.015,0.02,0,035,0.08,0,065|
do 1i=1,9
fkernreqg (kernel=gaussian,bandwidth=relative) v / yHat_wvec(ii) eps
g w
# bandvidth_vec(ii)
display "relative bandwidth:™ #.### bandvidth vec(ii) §
"; cross-valuation function:" #.HSEHHE sov
end do
scatter (header="Kernel Regression Results",§
subheader="yith different bandwidths",§
style=dotline, key=helow, klabel=| | "obgerved"”, "h=,55", "h=13","h=53"||] 4
Wy i1
w yHat_wvec(l) / 4
w yHat_wvec(2) /6
w yHat_wvec(3) [/ 2

HeoH: He He

tamplall 8l o) Jleazaly Dae L2l 26U e aLY)

Alkernreg (kernel=gaussian,bandwidth=relative] v / vHat re=sids
H ow
# D.035

da) g aedl Wl

Blernreg(kernel=triangular,bandvidth=relative) = / zHat eps
# xTrue yTrue
# 0.10 o.10
seatter (header="Eernel Regression Result", style=dots, §
hmin=-1.0,hwax=1.0,vmwin=-1.0,vmax=1.0, §
key=helow, klabel=| | "observed", "crue®, "ficced™| ] 3
# xTrue = i1
# xTrue zTrue [ 2
# xTrus zHat [/ 4
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Y, s X, Y, oY, - Jastas Y ol D) Jaak

1t

Xt YZt Ylt G

200 -26| -14| -30]| 1992
-30 5 10 -4 1 1993
41 36| -19| -19]| 1994
-19 -6 | -11 -6 | 1995
-6 -13 6 -9 | 1996
-9 25| -12 11| 1997
11 5 10 91 1998

9 32 11 19 | 1999
19 14 19 29 | 2000

1- Bourbonnais (2003), p. 213
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Y, =X,y e T
1—ab l—ab ~ 1—ab
ab c &, +beg,
l—ab™ " 1—ab "' 1—ab

]
Ylt = alXt + ﬂlYl,t—l +1,
Y, =a,X, + IBZYI,I—I +17,

:L}L:Jlf & Ll 6l ol M a5 Loy 0 ol

A

Y, =0.717X, +0.19Y,

-1
(4.93)  (1.0)
R*=0.78
n=9
Y,, =0.355X, +0.1397, |
(1.92)  (1.0)
R’ =036
n=9
9D gt V'33 () &
PSS el S e 5 sadl il ol 3
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Y=-B'CX+B'¢e=A4AX +n

3 ikl J o) (Sl d s B ghens » A=-B7'C xs
BA=-C  :03 L

1 —a)0.717 0.19) (a 0 ‘
(—b 1}(0.355 0.139}[0 cj i
llesy )

3

0.717—ax0.355=a
0.190-ax0.139=0
—-bx0.190+0.355=0
—bx0.190+0.139=c¢

0=0045 5 h=0495 com & 5 b i eV bl P e Ss
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Y,, = 0.495Y, +0.045Y,

+ &,

L1
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R*=0.36
n=9
3 Jls

Pindyck and Rubinfeld < b s Jaall 5 LU L;LQ\ 2LaYl 5 gl S
L el of (Ko g S el a sela ) Al el n ey 01 ((1981)
1Y) OVsleald Lawl ys W)
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fe et bl 6 orall ol M dg ey Wsles ST aa pob 2

C, =-9.45+0.05Y, +0.92C,_,
(-2.01) (3.20) (36.73)
R*=0.99, n=144, DW =157
I, =-31.80+0.571,_, +0.19R, , +0.09Y, —5.65i _,
(-5.00) (12.18) (3.70)  (8.90) (-5.83)
R*=0.98 , n=144 , DW =1.85
i, =—0.55+0.0005Y, +0.013R, —0.085V M, + 0.42is, ,
(-1.83) (2.24) (431) (-5.75)  (16.72)

R*=093 , n=144 , DW =136
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H
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4 Jls

Sl Al s O aie o 23 geil) OF ST Ll JUWUI Sldans b

sl ot £ e 9 1981 Rl ) 23 el pii Salel psl (3 ged) 1A 3 5l
1985 5 1982 (pw zall 3 2l JY

5l S, el s Jaw W) J sk

U Jotes MAE (%) | MSE (%) h il ol
0.49 10.23 12.50 1

0.26 12.01 12.90 2 C
0.13 11.32 13.82 3 !
0.18 10.75 13.33 4

0.68 18.70 24.82 1

0.41 18.81 25.25 2 Ji
0.29 18.42 26.13 3 !
0.23 19.08 25.32 4

1.14 0.74 1.14 1

0.67 0.78 0.93 2 i
0.37 0.82 1.22 3 !
0.54 0.65 1.18 4

0.50 19.73 27.25 1

0.26 19.74 27.69 2 Y
0.18 20.19 28.07 3 !
0.14 19.62 28.94 4

0.64 0.74 1.14 1

0.37 0.78 1.18 2 is
0.28 0.82 1.22 3 !
0.17 0.65 0.93 4

0.84 19.73 27.25 1

0.48 19.74 28.94 2 R
0.56 20.19 28.07 3 !
0.61 19.62 27.69 4

e 2 e o b ey 358 B35 5,08 5 el O sy (il Lol 3 e

Al o OB o o el U Jeles o8 O ool Jaaay 3L Jies climaly
or M Ll g A ) Jims ol ) OF V) ) sl (3 Uy LIS
s & e Jgadl @il e OB ) fane OF U eiand (il Jo
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sl
Jlasz b gl 3 5 J5¥ W @ - il Y1 300l s il sllael i .1

T AW el )l 35 RATS

cal 1992 1 1

all =2000:1

data (org=obhs,unit=input) / vl vz = 1y
-30 -14 —-26 20
-4 10 5 -30
-15 -19 -36 -4
-6 -11 -6 -19
-9 & -13 -6
11 -1z 25 -9
= 10 5 11
19 11 3z =
29 19 14 19

Ao ) el ST e Y, e ) gl aem (Y1 albleddd 2y
ty2hat Leaes 3 Ty, - 15,080 il Ol o5k &z 3sadll

linreg w2 / resl
#x 1y

Linear Regression - Estiwation by Least Scuares
Dependent Variahle T2

Usable Chserwvations 9 Degrees of Freedom 7
Centered R#¥%2 0.3669587 E Bar *%2 0.276556
Tncentered RF%2 0.366957 T x R*%Z 3.303
Mean of Dependent Variable 0. 0oooooaoa
Ztd Error of Dependent Variable 13.874436926
Ztandard Error of Estimate 11.800970015
Zum of 3guared Residuals 974.54025353
Durkin-Watson Statistic 3.010054
Variahle Coeff 3td Error T-5tat Signif
e e e e e el e e e e el e e e o e e e e
1. I 0.3553575307 0.1849568379 1.92130 0.09614568
2. LY 0.1396826098 0.2431053326 0.57458 0.58356267

zet y2hat / = w2 (t)-realit)
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OTL & do¥a Ll 3 7, ool & ¥, ol il aysnn badsy a5
dle s 7, 2T paes lags se Jlbial Sasd  bolall i b X, 5 ¥, oo il
tda Y Al us

set z / = y2hat(t)+x(t]

linreg vl / residsl
iz

Linear Regression - Estimation by Least 3gquares
Dependent Variable Y1

Uzakble Chservations 9 Degrees of Freedom o]
Centered R*%2 0.773287 R Bar *%2 0.773287
Uncentered RF%2 0.773287 T x R*%2 6.960
Mean of Dependent Varishle 0.000o0aooo
td Error of Dependent Variable 18.701604203
Ztandard Error of Estimate g8.904647556
ZJum of 3quared BEesiduals 634,34203186
Durhin-Watson Statistic 1.638155
Variable Coeff std Error T-3tat Jignif
bl il e S O il el el il B B Bl i il e B el i Ol el e ol Ol i e i
1. 2 0.5355007515 0.1025138470 5.22369 0.000795599

F S ke Y, e N el UL a s sl dsleadd adl ¢ )l i
ylhat\@ﬁmj j}lz . 53).,\.5.&-\ V_cﬂ\ uLw.; f)'a"(‘;“C)}A"HC}E"-‘-}JL;\ Q\}\;&L\
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linreg w1 / res:z
#x 1y

Linear Hegression - Estimation by Least Squares
Dependent Variable ¥1

Uzabhle Ohservations 9 Degrees of Freedom 7
Centered R**Z 0.784723 R Bar **2 0.753970
Uneentered R¥*2 0.784723 T x R¥%2 7.063
Mean of Dependent Varishle 0.000000000
Std Error of Dependent Variable 153.701604203
Gtandard Error of Estimate 0.27RZ6775E
Surm of Scquared Residuals 602 . 34400467
Durbin-Watson 3tatistic 1.557471
Variable Coeff 3td Error T-5tat Signif
o i i i i B o ol el il B ol e il Bl i el el i B O il ol i e i Ol
1. X 0.7174437379 0.1453871292 4.93475 0.00168516
2. LY 0.1909747828 0.1910053214 0.99337 0.35090145

zet wihat / = yvi(t)-reszit)

FRE RN PN RPN SIPPNET SR ERRV RPFENRNEINE

linreg w2 / resids2
#yilhat ly

Linear Regression - Estimation by Least Jquares
Dependent Variahle V2

Usahle Chservations =] Degrees of Freedom 7
Centered R¥%2 0.366987 R Bar *#2 0.276556
Uncentered B¥#%2 0.366987 T = R¥#2 3.303
Hean of Dependent Variable 0. 000000000
3td Error of Dependent Variable 13.8744369:26
Standard Error of Estimate 11.50058700158
Sum of Squared Residuals 974,84025353
DIurhin-Tatson Statistic 3.010054
Variable Coeff std Error T-3tat Signif
e o e e el Ol O O O O e e i il O O O O e e
1. T1HAT 0.4953072072 0.2577979835 1.92130 0.09614565
2. LY 0.0450915135 0.2455180452 0.18122 0.861325830
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AN Ol pre N g Lo s Y1 gland (i g deadan 39 a5 Ll ol Jlerzul,

LW s e
&js}“ Z.S.:\:LL\ -
INSTRUOMENTS X LY
LINREG [ INST) T1
g7z X
gl sl —

INSTRUMENTS X LY
LINREG(IN3T) Yz
#¥1 LY

eI JU (3 il G 23 sedl il s s 2

open data pramall.xls
cal 1947 1 4

all 1985:1

data (format=x1s,o0rg=oks]

P el Blana VL G5 g Bl ol i) lslin ST WLy b

SPGRAPH(HFIELDS=3 ,VFIELD3=2)

DOFOR SERIES = CONS INVEST RATE R I3 ¥
GRAPH(EEY=LOLEFT) 1
# SERIES

END Do

SPGRLPH (DCNE)

W) (6 ral Sl M as e LoV alShl aslal) s
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LINEEG CONS 1950:1 1985:4
HCONITANT GNP CONZ{1}

Linear Regression - Estimation by Least 3quares
Dependent Variable CCN3I
Cuarterly Data From 1550:01 To 1555:04

Usable Chservations 144 Degrees of Freedom 141
Centered R*%2 0.939475 E Bar **2 0.939468
ncentered R#%2 0.939945 T x R¥%2 143,992
Mean of Dependent Variahle 1411.1625000
3td Error of Dependent Variable 486.7321052
standard Error of Estimate 11.2309913
Sum of Scquared Residuals 17785.058456
Fegression F(Z,141) 134221.4051
Significance Lewvel of F 0.00000000
Durbin-Watson Statistic 1.573354
Variable Coeff 3td Error T-53tat Signif
e o o il e ol e Bl el e il e il i Bl el e e i e
1. Constant -9.454363868 4.703227512 -2.01019 0.04631886
2. GNP 0.054095564 0.016565400 3.20749  0,00165727
3. CONS{1: 0.925963960 0.025206774 36.73473 0.00000000

gl Aslaal) Al ¢ 2l s

LINREG INVEZT 1950:1 1985:4
# CONSTANT INVEST{1} R{1} GNP RATE{4}

Linear Hegression - Estimation by Least Squares
Dependent Varishle INVEST
Cuarterly Data From 1950:01 To 1985:04

Tsable Chservations 144 Degrees of Freedom 139
Centered R¥*2 0.924317 R Bar *%2 0.983866
Unzentered R*#2 0.998372 T x R*#2 143,766
Mean of Dependent Variahle 383.83541667
3td Error of Dependent Variable 131.09401018
Gtandard Error of Estimate 16.651475819
Sun of Squared Residuals 38540.769925
Regression Fi4,133) 21581.0786
Significance Level of F 0. 00000000
Iurhin-Watson 3tatistic 1.556569

Varishle Coeff 3td Error T-5tat Signif
i o i e e e il ol e e el e e e e e el ol e e el
1. Constant -31.50043760 £.35195259 -5.00638 0.00000165
Z. INVEST{1}: 0.57520823 0.04719432 12.18808 0.00000000
3. R{l; 0.19929317 0.05354506 3.70125% 0.00030837
4. GNP 0.095541585 0.01077263 g.90605 0.00000000
5. PRLATE{4} -5.65550354 0.96966562 -5.83243 0.00000004
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LINEE: FRATE 1950:1 19585:4
# CONSTANT GNP R NDIFF IS{1}

ok LS ) sl

Linear Begression - Estimation by Least 3quares

Dependent Variahle RATE
Quarterly Data From 1950:01 To 15955:04

Uzable Chservations 144 Degreezs of Freedom 139
Centered R##2 0.933654 E Bar *%2 0.951776
Uneentered RF%2 0.951067 T x R*#2 141,274
Mean of Dependent Variable 5. 1534027778
Ztd Error of Dependent Variable 3.268914332¢6
Gtandard Error of Estimate 0.3538311114
Sur of Scquared Residuals 101.33483178
Fegression F(4,139) 439,2595
Fignificance Level of T 0.00000000
Durbin-Watson 3tatistic 1.367418

Variable Coeff std Error T-3tat Signif
e i e e e e e e e TR e Rl e e e e e e e e e e el i
1. Constant -0.556221382 0.303526543 -1.83253 0.08501zZ62
2. GNP 0.000512001 0.000228540 2.24031 0.02665742
i. R 0.013453448 0.003117356 4,31483 0.00003012
4, MNLIFF -0.05852452591 0.01453220458 -5.75152 0.00000005
5. IZ{1 0.425933085 0.0254651587 18.72609 0,00000000

Slprn M ik b et arde s 8 5ote Ol a5 Jaw 3k ) sda O LY LS
Lol ol > Al ) e B oVl s il S Y
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INITRUMENTS CONSTANT CONZ{1} R{1l} GNP{1l} INVEST{1l}: & MDIFF RATE[1} RATE{4}

LINREG (INST, FEML=CONSEQ) CONS 1950:1 1955:4
# COMNSTANT GNP CONZ{1}

Linear Fegression - Estimation by Instrumental Variables
Dependent Variahle CCN3
Quarterly Data From 1950:01 To 1985:04

Tsahle Chservations 144 Degrees of Freedom 141
Centered R¥%2 0.9994 44 E Bar **2 0.999457
Uncentered R**2 0.95999435 T x R##*Z 143,992
Nean of Dependent Variahle 1411, 1625000
3td Error of Dependent Variable 456.7321052
Standard Error of Estimate 11.3436150
Sum of Squared Residuals 15143.554646
J-Gpecification(6) 57.925273
SGignificance Level of J 0, 00000000
Iurkhin-Tatson 3tatistic 1.630761
Variable Coeff 3td Error T-3tat Signif
o o e i e i e O Ol e i e B Ol il el e el e e i e o
1. Constant -3.17955658% 4.955717513 -0.64165 0.52213954
Z. GNP 0.025662686 0.0181946110 1.41034 0.16054182
3. CON3{1: 0.965332903 0.027155647 35.61927 0.00000000
LINREG (INST, FEML=INVE3STEQ) INVEZT 1950:1 1935:4
# CONSTANT INVEST{1} R{1} GNP RATE{4}
Linear Fegression - Estimation by Instruwental Variahles
Dependent Variable INVEIT
Quarterly Data From 1950:01 To 1985:04
Uzable Chserwvations 144 Legrees of Freedom 139
Centered R¥%2 0.954052 E Bar *%2 0.983634
Uncentered B¥%2 0.995349 T x R¥%2 143,762
Mean of Dependent Wariable 383.83541667
3td Error of Dependent Variable 131.09401018
Standard Error of Estimate 16.7706516%
Sum of Scquared Residuals 39094,411355
J-Specification(4) 25.495441
Significance Level of J 0.00003999
Durbhin-Watson Statistic Z2.004856
Variahle Coeff 3td Error T-3tat Signif
i e e e e e el el el Ol O i O e O e e Ol e el
1. Constant -25.50z282772 G.43431018 -3.96354 0,00011761
2. INVEST{1} 0.63725350 0.04301265 13,2722 0,00000000
3. ER{1} 0.21449446 0.054255583 3.9533% 0.0001z2218
4. GNP 0.05071954 0.01097636 7.35394  0.00000000
5. RATE{ 4} -4, 666592375 0.95255518 -4,74575 0,00000501
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LINREG (INST, FEML=RATEEQ) ERATE 1950:1 1955:4
# CONSTANT GNP R MDIFF IS{1}

Linear Regression - Estimation by Instrumental Variahles
Dependent Variable RATE
uarterly Data From 1950:01 To 1985:04

Tsahle Chservations 144 Degrees of Freedom 139
Centered R*#2 0.923342 B Bar *%2 0.921136
Incentered R*%2 0.975115 T x R*%2 140,549
Mean of Dependent Variable 5.1534027778
Ztd Error of Dependent Variable 3.268591433Z6
Gtandard Error of Estimate 0.9179997089
Zum 0f Scuared Residuals 117.13856171
J-Specification(4) 56.214044
Zignificance Level of J 0.o0oooooa
Iurbin-Matson 2tatistic 1.4505861

Variahle Coeff Ztd Error T-3tat Signif
b3 ol ol O B il O e e i il B O i i il O O e i O il O O e el el i e e
1. Constant 0.273120392  0.342410955 0.79764 0.42644042
2. GNP -0.000434251 0.000276510 -1.5658858 0.11895023
3. B 0.022534344 0.005134064 4,34685 0.00002650
4., MDIFF -0.079425302  0.017715078 -4,45349 0.00001523
5. I={1} 0.541757141 0.031239423 17.34306 0.00000000

L2 Ll Jemis (V) 23 sad) (3 Al Ol i) i 5l BelisT By
:%;tﬁU§-‘}b CEAUJJ\ 9 bﬁajij\‘Jj>I{}\1fs
THEIL (3ETUF, MODEL=FRZMALL] & 4 1955:4
D TIME=19::1,1955:4
THEIL TIME

END» Do TIME
THEIL (DUMP, WINDOW="'Forecast Ferformance')

ch=4 e s ozl sds 4 5 moadl 3 Vol sds 8 6 Eo
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3L S 3 e pT I Jgle fad) e 3 bl 3Ll ada 32l 248
e lea Jda bl ge el B b 3 s g aded) a ) Lol
O el e (3 b zagy  adl sl sllex Y1y aoll) ollasSlal) a1 ol gl
WL aax] Ol o) bde dor gy dsds e ddeal) o @i L3 e 2ludld) 0SS
sk = v jeeedl pgiie gul) Box-Jenking asmge ) & kil 13 .2l oz
AR, MA, ARMA, ARIMA, 2 ol | Sldla Ll 230 ol e o6
.SARIMA

TBLS po g Ao P At Gy .1

Foed e e e Jlam] gl ) e B s o A ) Al
& s Ak s o gl Bnde B0 e B 88 ST s (3
Lol L3 30 ) e 22 lanll o G ez p T

Ol L ST o b Y gl o el (3 Lz L3y cin ) a5y s
Ty 25 Ty B ol il bl Bos pay ey Wb el A6 B s
L wdB) O el g ccmn OIS Rl Aded) O st o 0655 OF b 22y a3 55
i g e ) ALl Sl g ok ) B 055 0y “ e o B
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Sample: 1969 2008
Included ohservations: 39

Autocarrelation Partial Carrelation AL PAC Q-Stat Prob

0.893 0893 33.539 0.000
0.867 0.347 B6.057 0.000
0.789 -0.148 93.707 0.000
0.710 -0.184 1675 0.000
0.630 -0.052 13533 0.000
0.551 -0.008 150.11 0.000
0.473 -0.018 161.283 0.000
0.395 -0.034 169.47 0.000
0.322 -0.065 174.85 0.000
10 0.250 -0.046 175.42 0.000
11 0.183 -0.011 180.34 0.000
12 0.7 -0.035 181.15 0.000
13 0.054 -0.054 151.32 0.000
14 -0.004 -0.052 181.32 0.000
19 -0.055 -0.022 181.55 0.000
16 -0.115 -0.065 18245 0.000
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Dependent “ariable: DLOGLAT

Method: Least Squares

Ciate: 010103 Tirme: 01:10

samplefadjusted): 1972 2003

Included observations: 37 after adjusting endpaints
Convergence achieved after 3 iterations

“ariable Coefticient  Std. Error t-Statistic Froh.

C 0071838 0015091 4760274 0.0000

AR 0472218 0085937 -5.491744  0.0000
R-sguared 0462854  Mean dependent var 0.052003
Adjusted R-squared 0447507 5.0, dependent war 0181224
=.E. of regression 0134704 Akaike info criterion -1.118942
surm sguared resid 0.635077  Schwarz criterion -1.031866
Log likelihood 2270044 F-statistic 3015925
Durbin-YWatson stat 0.535745  ProbiF-statistic) 0.000004

Irverted AR Roots - A7

:MA(I) CJM ML’ -

Dependent “ariable: DLOGLAT

Method: Least Squares

Date: 010103 Time: 01:41

mamplefadjusted): 1971 2003

Included observations: 38 after adjusting endpoints
Convergence achieved after 7 iterations

Backecast: 1970

“ariahle Coefficient  =td. Errar t-Statistic Froh.

C 0.084791 0.0103:0 5184140 0.0000
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F-squared 0424908  Mean dependent var 0.092054
Adjusted R-squared 0408933 5.0. dependent var 0257565
=.E. of regressian 0198018  Akaike info criterion -0.349717
=um squared resid 1.411607  Schwarz criterion -0.263529
Log likelihood 8644632  F-statistic 25 559563
Durbin-YWatson stat 1.339223  ProbiF-statistic) 0.000004

Imverted MA Roots |
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Sample: 1971 2003
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Included obserations: 39

Q-statistic probabilities adjusted for 1 ARMA term(s)
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Sample: 1971 2008
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[-statistic probabilities adjusted for 1 ARMA term(s)
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}A’T(h):(]+é)l+ﬁ)f+....+é)f")Ci>0+Ci)fYT
ST D) 50 OY 8 Al ) Jop 86 ALY L U A g Lk
A oo s g pgas e g &y, =Yy, — Y () 3 Uasty b0
2, =MI M+ MIM +..+M, 3
o) Al Breay gt M, o

min( p,i)
L i=12, M, = YO M,
j=l
M():] 9

L
M =0 ;M,=dM +d,M, =02+, ;
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A

M, =0 M +D,M,+ DM, =0 +D D, +D,D, + D,
ro 5 ey %, Bl g S s S0 gl Ll
Loy e 1—a /2 G
Yy €| (h) =2, vartey )., () + 2, varGey, )|
) sl o A s 2

02 Jue

g3 dlemal 7, i) Ogpd) o Y (Yl by U Al
i3l (SJ.2005 ) 1965 o abad oLkall VAR

[Yj:(qéHcé ¢](Yj++(¢ ¢J(YHEJ

YZt ¢2 ¢21 ¢22 Y2t—2 ¢24 ¢24 Y2t—4 ‘92t

Al 87 Je bl el ol M s b gbi (VAR CSJM.:J\ éb.» JEREL
(3= ) &5, Jo| oo Schwarz 5 Akaike opjlabl Blaxw¥U ooV =35l L

3 AIC bl jray ) mosadl iy ddlz 23U )l B 4 1] 0 o0 paw
RATS 5.04 4.2 » > &)l \ib Lexzus (Schwarz
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DISPLAY
DO LAGS=1,4
SYSTEM
VARIABLES V1 V2
LAGE 1 TO LAGS
DET CONSTANT
END(SYSTEM)
ESTIMATE (NOPRINT, SIGMA)
COMPUTE SCHWARZ=%LOGDET H4*LAGE*LOG% NOBS)/ %N OBS
COMPUTE AIC=%LOGDET H2*4* LA (SN OBS
IF LAGS==
DISPLAY @4'LAGS @20 'AIC" @35 'SCHWARZ
DISPLAY @35 ##88 LAGS @20 4884 ##48 AIC @35 3CHWARZ
END DO LAGS

LAGE AT SCHWARS
1 -1541 -15.86
2 -15.42 - 1554
3 -14.87 -1503
4 -14.75 -14:54

Gﬁpﬂ.pzl.u>6}¢\~éOU>LSdmmmﬂgAdeJ¢U&7£>i

NS AN E POl RV SNV
COMPUTE LAGE=1
A YA TEM
VARIABLES ¥1 Y3
LAGE 1 TO LAGH

DET CONSTANT
END(SYSTEM)

ESTIMATE (B1CGMMA, RESIDE=REIID3E

W S e S Ul VAR(D) 3 sedl

Y, =0.096+0.28Y,_, +0.005Y,, ,,R> =0.99
(1.76) (50.93)  (1.06)

A

Y,, =-0.166+0.032Y, , +0.29Y, ,,R> = 0.99
(-2.55) (2.75)  (70.54)
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t ol daall pld-ld) Bsdae weo Bges £,y £, A Sl
) 5 109.54 45.13
T % T 4503 10137

var(¢,,) =109.54 ; var(¢,,) =101.37 ; cov(¢,,&,,) =45.13

Y, (1) = 0.096 +0.28Y,, +0.005Y,,
Yyr (1) = -0.166 + 0.032Y,, +0.29Y,,

>

+(2) =0.096 + 0.28Y,, (1) + 0.005Y,, (1)
1+(2) =-0.166 +0.032Y,, (1) + 0.29Y,, (1)

>

>

+(3) = 0.096 +0.28Y, . (2) + 0.005Y,,(2)
1 (3) = -0.166 + 0.032Y,,.(2) + 0.29Y,,(2)

>

Y, (4) = 0.096 + 0.28Y,,(3) + 0.005Y,, (3)

V,(4) = -0.166 +0.0327,,(3) + 0.297,, (3)

109.56  45.14 ;
Ll ch=1 ol -
(45.14 101.38} =l

o zlmal A 10138 (ol V(1) - ) g U 5y 109.56 5 gl
%695 ozl sy 5l) 2 1 3 sy S8 call ) et
Structural Analysis g_;KJ:\ kot 2

:Causality duwd) 1.2

dl G 3] @slasVl 23kl joo bdd (3 gl ol e el S e
Al e amll § Al et Lagd s aslasYl sl Olul e el
b sjwfi\ iz

Vp) - ) b s 3, =

T+1

:Granger 39 &) jlax) 1.1.2
D e S & Ed) B 4uS Lae Granger (1969) 3
UERTSECE BN SETID ARCH T H U ISty W B OV TP S SVIERY
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S5t Y, il STy o e e il Gmslad) sl gl e Ol
DLkl ods (3 Y, Akl il b ol pnd (S U el Slelal) e
Slashan o g gd o 18] B Wl 800 0I5k 03 o), o ¥, OF s
6l bl @ et e asls

Bl il 9l 55 0 AR BOe 35 g (ke e STWI (3 Granger jlas) pdsieg
gy A DUy s g Al 3 8y (e O BI3LS BYe of Feedback

LS Lo il B ) Al SUly OF AW o & 2 5 ) ISTLEL g
M T sleza g opn ) pe dslsl il o o 315 BLi ) ds s sl el e 055
Aol S gmdll r sia) ) el i 03 218w oy O @MU BLY
) o sl G L Ola) dewld S L B BMe (3 RS Ol paneS
OF Jlasl 3y (bl s Ol pineS e I Ol gmdll o 308 2V (S prannid)
P 3 el B )

1o izl VAR(D) 3 sadl oS

YO () (4 AYha) (4 &) e 4, o (N (&
Y = + | ) Y + | ) Y +....+ ) ) Y +

2% ¢, by o N\ by P Nois ¢2p ¢2p 2p &y
Ol Bdl Gt OlpraeS e Y, LY e Yy, Jedld
8).\25\ e L g u*““; Yy Y, s CALY Bl L DT (PR ’Ymp

Restricted " RVAR & 4k 3lai cdls VAR 7350l ¥, ol pizeld 2 sl
15 (Schwarz 5 AIC (p el 2aul gy o2 & ) Ol gmdl) Ll "VAR

Hy:dh=¢h =026, =0 Lol <8 Bl Y, com YV 7, @
4 g.2n

Hyihy =@y ==y, =0 &> dl <35 13 Y, o YV Y, @
) g
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s . "Feed Back effect’ . 2 o Lo o8 bd St e (pinis ) LS 13
o dslag Walas (Dalall el Lt ea g LWL pldl i dglas] Jlesia
RVAR Ll VAR 35edls UVAR il & VAR 7368 o &)k 3,50
7 55 68 & L =[x (InfS ] - TnfE ) Ao s s
e 2xp R Al
il 3 gl Jlsd 8 2all e ) B ghan D
Al 5 3l 31 8 nal i ) B phan T
coldalal) sue i T
Al p 3 gl Wslas JST (38, LW sue e

Bn ol gl 3gomg B3 jab s AWl oda & (L' > y7(2p) <SS 1)
.Granger (329 o

:Sims (39 L) Hle) 2.1.2

) ST Wl e S e Loy il =] | Las) Sims (1980) - 3
Ll Y, o 1, OB Yy TR B 2l e S R

p P P
0 1 2 2
Y, = ¢1 + z¢1iY]t—i +Z¢1iY2t—i + Zﬂz Y. +é&,
i=1 i=1 i=1

AW SED YA MRS WA MRS
dgdo Hy:fl =y =B, =0 iz il S35 13 Y o Y T,
dgdo Hy: Bl =5 =By =0 ko dl 381 Y, e N Y, @
(L plasil Ly SeadISU 2 Ll oY) slas Ling
ol Gebn aod (Ll JW 3 ud) VAR(D) zisedl oo Bl
i) Sims ¢ Granger
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:Granger Lo —
er e Y HO Y2t :

1) RVAR 3 UVAR 3 5ol i
UVAR: ¥, =0.096+0.28Y,,_, +0.005Y,_,,R> =0.99,

URSS =1128.54
RVAR: ¥, =12.57+0.58Y, ,, R* =0.69, RRSS =1986.85

(V) Jolas pliaily ics ,La=Y RATS 5.04 42 Lenzed

LINREG Y1

# COMSTANT ¥1{1} ¥2{1}
EXCLITDE

#72{1}

f:\.g 3~¢5L¢>-l w& W) sda L}
[ (RRSS —URSS)/c _ (1986.85-1128)/1

_ =122.58
URSSIT —k—-1)  1128/(164—2-1)

T T Y, H, pall Lo 3 28 LFT CF" > Fys oF L3
.Granger (3§ i Hla of &~ Ida o
NEISIGURS-S) R UNPSUSSIPS (VD (N I SUOVON R I8 X 9
Y —iN Y, 1 H,
et 1Ay Granger b9 Gl LY i siall ds Joans (s A by jT
QU el Il Bz )
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SYSTEM(MODEL=UNRESTRICTED)
VARIABLES Y1 ¥2 Y3

LAGS1TO 1

DET COMSTANT ¥{1} ¥{2}
END(SYSTEM)
ESTIMATE(RESIDS=UNRESIDE)

*

SYSTEM(MODEL=RESTRICTED)
VARIABLES V1 Y2

LAGS 1TO1

DET CONSTANT Y141}
END(3VSTEM)
ESTIMATE(RESIDS=RESRESIDS)
*

RATIO (DEGREES=2)
# UNRESIDS
# RESRESIDS

£

!
L = (T =)x (102 =102, 00) = (164-1D)(©0.21-9.11) = 1630 > 22,5(2) = 5.99

:Sims jla>) —

W) Relad) Jlemionly 3 5l s o G Cpoe3 el i

LINREG Y1
#OONSTANT Y1{1} ¥2{1} ¥2{-1}
EXCLUDE

#72{-1}

Ylt L~"°'”‘“5\J]_[0Y2r:

UVAR:Y, =-1.025+0.25Y, , —0.18Y, , +0.29Y, . ,R> =0.65,
URSS = 2428.65
RVAR:Y, =0.278+0.48Y, , —0.22Y, ,, R> =0.43, RRSS =3779.85

[ (RRSS —URSS)/c _ (3779.85—2428.65)/1
URSS /T —k—-1)  2428.65/(164—3—1)

s - Vi Jlxl\ b sne CJ":‘“‘» Vo -Hy 255 L.gi ‘F*>F0A05 of a3

Y, eed N Y, tHy 2 sl Je WSl oY) (3 ddl Lyl

=89.07
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:Impulse analysis &briw¥) J1939 Clodall |J4E.2.2
Slodl ol r degaz A8 SUM Ziey VAR #3456 (ol LS
STy o oYl g3y bkl Lbd 0 aols dsladl 5l Lo )
P Al 23 sl sl el ol e e Bms Bas
[YltJ: ¢le + ¢21111 ¢;121 (Ylt—lj+(f’:1tJ
Y2t ¢2 ¢21 ¢2| YZH &
\;l‘_e ‘Y2t+1 L};(‘: Ylt+1 J le LSLC w ‘d L::u 2\'3'"‘) SJ':'; JNJ_ éll L..B Jl&?
QU 05 La ST 0L 1 Soled &, o1 i)l § deds o

vy, (1 o

(EH) s

Tl E]L) s

VY, o\ .

(W"”J:{@ll @zlj(w"”) EVARTHIN

VY,..) (4 ¢ \VY,, :

&\

Cled LVl Jlgs dh b fen Bl Wy Lyt ) oda Ies
Sl S ¢ se2 Jlas¥l e dol L sl Al Slislal)
IR TXWERCIPR PRI R T AP RV ISP E R U SRR P { JCIPI PPN
o 3 erliag dom g PS5 Bl W) 1gs OB eager o g sl Y
Slod O 25 W) ada @ 0BV ST 3 plladl Sl pine S ey L
e Ll a5 Wl 3 OV iz 055 b )b R i) sda ST Al
b dedo OB (g, 5 &, Gseke p 58 b3l dla O 13 LAl gaall slasY)
A g LU Jules AU 0l 3 L gy, o ez 2o gm0 L g, Lo
Al O AL 583 Y Sy 8y 5 8, s cp 8 pel ikl e
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o5 el Fla B L e Jo el STy cllas U S 22l DLW (S O

1T el i (g Led dlizes) Orthogonal & 3L iz, sla I Lz
L=PP

o Y 3 e Bgias s P i Choleski e L U1 lay

AW Sl e VMA(0)  dnpeall BUST (S8 d 50 & ki)l b olie
Y, :lu_FZCiPP*]gH :/J"‘ZMiVH‘
i=0 i=0

v, =Pg, s M, =C,P :ps

giall S olud & zie pl5—ul5 Bshas v, sl OF o ST feudl o
U o dmeb 5 dlites doda) el ol Gloanl 8 M, sdesl 20
.131;»)' 8,5 1 dm Lo pais

Y, ¢y P \ Yo €y

cov(g,,&,) =k # 0. svar(e,) = o7 , var(s,) =0, p

e ot ¥, = (02 /K, et

Y, = (k/ofl )Ylt + (¢211 _¢111 X k/O'gzl )Ylt—l + (¢221 _¢121 X k/o-jl )YZt—l + &y —(k/o"fl )51t

Hpd .v,=<92,—(k/c7&_21 e
cov(e,,v,) = E(g,v,) = cov(e,,&,)—k/ o} E(s;) =k -k =0
ol e ol LE Sy (@ ilay dbag e g slexY) ol
ton)

.Sims (1981) ki -1
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Y, = ¢111Y1:71 + 21Y2H + &y
=(k/c? ¥, + (8, -, xk/c? )Y, , + (g - & x k12 ), (k/o? )
er_ O-gl lt+¢2l_¢llx O-gl 1H+¢21—¢“x O-gl 21 T €y~ O-g, 1t

:Variance Decomposition &1\.,:5‘ J-;l;- 3.2

Lt b 3 Weples e ady Ol ) sl e s WS Oug,
IS o) Bl s ANy e S50 gl o ) ST pland (ol
S ol W ey 5Bl IS A L s 5T Op B aky i s
LSS g U s

1S el Aol g Bl W) LE o i Ble 5tk Sleall sl Ly

Y, =pu+ Z My,
i=0
I ML em A 3V 3 g L
Bl
Yt+h - Et (Yr+h) = zMiVHh—i
i=0

el Y el e Y, S e IS T e gl Tt it 08

h—1
Y/',t+h -k, (Yj,r+h) = Z(mjl,ivl,wrhfi T Vo i T + mjm,ivm,thi)
i=0
i o we gadl S8 M, Bsiall s () el e omy,, e

gl

Y, —E X, )= Z(mjk,lvk,Hh T + mjk,h—lvk,Hl)
=1
Clam Ll o (1 Golur 2 wlby bLs ) ol [Kas ¥ v oo O

E(Yj,t+h - E[(Yj,l+h))2 =
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Gk o) U 2lls o s gy b1 Bghadl i o3, sgeadl 2 e, o
The decomposition Jul=dl Je Jsasl) j i) 1 @Y 3 gl Lox o5
(JSad) e 5 lall ad oy sl adlly

n h-1 5

22 M

k=1 i=0

th WS K Y, - ) s U s il VAR(D) 350l 250 U

Ma")““‘u ole & My
Yy A ey sl b (Y, e V) sl s LW o @Y1
aealy o (Y], e

o2 [ (0) + 3 (1) + oot % (B = 1)
o 3 (h)

2 [m2,(0) + m2, (1) ot 2, (= 1))
oy (h)

b Sl Ve s e SE Y g, e des o OIS 1)
ST I3 (s Seg Wit g, 9 1, OF Jlael oyl pane 1, OF e
L3 e e YN 0B Y, e s o 1S ST g e s el
04 Jle

(1) S8 @ el aslad) olbes 0 B3ily VAR(Q2) g358 sond
B g Blane YU Blane ) L plal) S g Bl ¥ Jlgs Ol 255 Y

1t
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B Ol pinal) 3Lt Jsad (1) @By SN

.20 .06
15 .05
.04 4
104
.03+
.05 .02
.004 014
.00+
.05+
-.014
104 _024
-15 ; ; ; ; -03 ; ; ; ;
1960 1965 1970 1975 1980 1960 1965 1970 1975 1980
—Y1 — Y2
.05
.04
.03
.02
.01
.00+
-.01
-02 T T T T
1960 1965 1970 1975 1980

Gl s (1) J g

Response of ¥2: Response of ¥1:
Petiod V1 ¥2 ¥3 Petiod Y1 2 Y3
1 0001476 0011045 0.000000 1 0043880 (0000000  0.000000
(0.00130)  (0.00091)  (0.00000) (0.00363)  (0.00000)  {0.00000)
2 0002435 0000333 0.002084 2 0011369 0006122 0006944
@003y (00127 00017 (0005217 (0005013 (0.00460)
3 0001193 0000843 -0.000637 3 0000241 DO04840 0003002
000129)  (D00127)  (0.00112) (0.00521)  (0.00515)  {0.00456)
4 215E05 0001351 0.000865 4 0004708 0001983  -0.002947
(0.000B9)  (D.00074)  (0.000GS) (0003307  (0.00305)  (0.00330)
5§ 0000170 -B53E05  579EDS 5 00039 0001425 0001887
(0.00048) (0.00058)  (0.00044) (0.00191)  (0.00207)  {0.00171)
E 0000357 0000456 -BE3EDS f -0000793 0000419 0000482
[000032)  (D.00D40)  (D.00027) (0.00140) 000168 {0.00106)
7 109605 E.28E-05  0.000199 7 0000518 DODM0BS  -0.000349
0.00014)  (0.00027)  (0.00018) (p.000677 @.omoy o 0.000s7)
5  301E05 276E-D5 -249E05 & 0000288 9.87E05 0000271
{00011y @00017)  0.00013) (0.00047)  {0.00040)  {0.00032)
9 4B4ED5  960E05  B35E06 9 3BOEDS -3A5EDS 1CMEDS
{E.1E05)  (D.00010)  {B.BE-05) (0.00034)  (D.00035)  (0.00026)
10 O ERE-O5 -4 O4E-0F 2 SEE-05 10 2.11E-05 0.000173 1.62E-05
(33E-05) (73E05)  (4.BE-D5) 0.00012) 000019 {0.00013)
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Responsze of ¥3:

Perind 1 Y2 Y3
1 0002539 0004692 0.007224
(0.00103)  (0.00093)  (0.00060)

2 0000445 0001245 -0.001807
(0.00108)  (0.00104)  {0.00095)

3 0002646 0003397 0000795
(0.00113)  @0.00108)  (0.00090)

4 G20E05 0000856 0.000BS7
(0.00071)  (0.00076)  (0.00071)

5 0000312 0000860 -0.000114
(0.00058)  (0.00067)  (0.00055)

§ 0000113 000032 0.000231
(0.00030)  (0.00038)  (0.00028)

7 0000149  200E05  3.17EOB
(0.00022)  (0.00032)  (0.00022)

8  5O1E-05 0000147  2.18E05
(.00010)  0.00017y  {0.00010)

9  BEEE-DE  251E05  468E0S
7.OE-05)  0.00013)  (B.6E-05)

10 2EBE-D5  251E08  -1.07E05
(4.0E-05)  (B.8E-05)  (4.7E-05)

Cholesky Ordering: ¥1 Y2 ¥3
Standard Errors: Analytic

L) J195 1(2) (.5) Jﬁ.ﬁ\

Response of Y1 to Y1

Response of Y1 to Y2

Response of Y1 to Y3
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0044770

Response of Y2 to Y1

Response of Y2 to Y2

Response of Y2 to Y3
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Response of Y3 to Y1

Response of Y3 to Y2

Response of Y3 to Y3

o1 1
008 0084 \
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ol L 1 2) J ik

“Yariance Decomposition of Y1

Petind SE bl V2 3
1 0043580  100.0000  0.000000  0.000000
2 0046264 9599557 1751092 2252935
3 0046523 94856487 2802134 2632994
4 0045595 9407918 2536115 2984708
5 0047072 9384637 3018058  3.1355G8
B 0047083 9383084 3024575 3144584
7 0047100 9377844 3073651  3.147905
B 0047101 9377511 3073382 3.151008
5 0047101 9377607 3073924 3151009
10 0047102 9377379 J07E22B 3150973

“ariance Decomposition of Y2

Perind  SE kil V2 3
1 0011143 1753616 9324636 0.000000
2 0011600  BO24526 9074685  3.228490
3 0011709  B959247  B957624 3464512
4 0011819  BB31280 8923110  3.936621
5 0011820 BBS0095 8921200 3937900
B 0011835 B924321 8914084 3934843
7 0011837 B922243 8911580 3961954
B 0011837 BO22776 8911489 3962333
=l 0011837  B923867 8911408 3962050
10 DOD1M837  B9238%5 B9.11361 3962497

Wariance Decomposition of ¥3;

Period  3E il 2 W3
1 00o0asa 799502y ZFZ9A10 0 B4.71283
2 000975 7724763 2758483 G4.89040
3 00057 1257288 3356411 5366301
4 0010299 1287033 3349575 5363092
5 0010341 1283881 3352442 5321677
B 0010345 1283218 33596299 53.18483
7 0010350 1287021 3355619 5317360
g 0010351 1287041 3356E2! 5316133
g 0010351 1287013 335678 53.16193
10 000351 12687062 3396801 5316157

Cholesky Ordering: Y1 Y2 Y3
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o) S 23 oy S

Variance Decomposition

Percent Y1 variance due to Y1 Percent Y1 variance due to Y2

Percent Y1 variance due to Y3

100 100 100
80 80 80
60 60 60
40+ 40 40
204 20 204
0 T T T T T T T T 0 T T T T T T T 0 T T T T T T
1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 10 1 3 4 5 6 7 8 10
Percent Y2 variance due to Y1 Percent Y2 variance due to Y2 Percent Y2 variance due to Y3
100 100 100
80 80 80
60 60 60
40 40 40
20 20 20
0 T T T T T T T T 0 T T T T T T T 0 T T T T T T
1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 10 1 3 4 5 6 7 8 10
Percent Y3 variance due to Y1 Percent Y3 variance due to Y2 Percent Y3 variance due to Y3
70 70 70
60 604 60
50 50 50
40 40 40
30 30 30
20 20 20
10 10 104
0 T T T T T T T T 0 T T T T T T T 0 T T T T T T
1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 10 1 3 4 5 6 7 8 10

Y, b (S 0Y, 5 Y, e gly Al K0 S5V Y, e b L O e

OF s Lo ¢(2) ISl IS g Yy, - ) 2l o 2 iy Y, e T
J (0.043 L“SJLMJ Ylt u.l.‘«b-@‘ CL“QJ\.;&L\ Uz';-\ SJA L“QJL.J Ylt u.lﬁbw‘ e
Cims ek DY Sl g pdl S oSa ki)l sda Bty B 8,3 4
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Syl o 3 any oSaiy BT Ak Y, e S Y, e dd) (k)
ATk V), e e 2V A5 Y, e il Of LaS™ L2l

JSa Lyl iy (2) sl 3 ond) Decomposition Variance ool Juld
o sllosl 0 %94 L &5 Jsle ¥, - 0 o) sl e 5 OF ) e (3)
Yy, o s ded El e %3 9 Y, - p dakedl S5 e %2 9 Innovations el
Aol S e %6 5 Y, slantl e %90 Gy paley ¥y, - gl Last ol
o %54 Sl V) sl e s ULy, s ailedl B e %3 5 Y,
Y, slaxl e %11 g Y, L s Aol G e %32 5 aillax]

Cointegration and VECM/Ua.*-! zeoedd 3 gh g & pidl JolSI1 .3
Concept of Cointegration & il Jo\S) ps¢de 1.3
9 Granger (1983) & e olslal Lolgl (3 2 el UL v RIS
Sl gyl B2 b des Jo o o3 ST 4B sk SO))s Engle (1987)
S A iy i oSy W n e Bles o 3L ay e
s A e e aaidl eds SO b a3l ((Selull)
Sl JolS 550 g 65 A Lt Lok @) akad) OLST 3 05ST e 3 66 axd)
odp o LS (Sl Rl e il (g ) A Sl LS
Lol ol g o o il T S i LSS sy o ST e ol LY
e
18 il oS b g ph g Loy s oSS ys 2l (1.1.3
d i, e el dae aae) dede 055 (@l Ladl 3 Wl LS
8 s Al o ol 0 50 d OBy ) Ol 613) (X, — I(d)
e ) e dllSan X, T alde g 8 X, R Al (S
X, — 1(0)
X,, > 1(1)
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3 s oY) ke ot Led WY S i p8 ¥ =X, + X, ikl e
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Linear Regreszion - Estimation by Least 3quares
Dependent Variashle T

Uzable Chservations a0 Degrees of Freedom 28
Centered R¥*2 0.625319 R Bar **2  0.611938
Uncentered BF%2  0,994564 T x R#%Z 29.5846
Mean of Dependent Variable 10. 445666667
Std Error of Dependent Variahle 1.252880054
Jtandard Error of Estimate 0.780477128
Sum of Jquared Residuals 17.056047331
Fegression Fil,28) 46,7303
Jighificance Level of F 0. 00000020
Durbin-Watson Statistic 2.290778
Variable Coeff std Error T-3tat Jignif
e i o il e ol O el el i e e el e ol i il i Bl i i ol
1. Constant 9.1414465012 0,23584793065 38.33216 0,00000000
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B Lo ¥ Ss 8 aall LISl SBe sae ass Johansen Lt e
At ey 358 Lt dus Of pe .Cointegrated variables WSkl ol pazl)
RETRCET &l il
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oo S el LS Gt Gallall LY LY, LY, el dold] oolleal) S
P J bl (S VECM 398 5f VAR 7358 sy ool padl o

Y,.Y,,.Y, sdalall wlbkall 1(5) J g
Y, Y, Y, st
30.00 20.00 20.00 1
31.40 17.05 21.39 2
32.71 18.32 20.95 3
32.32 19.22 20.62 4
30.87 19.12 20.88 5
30.67 19.36 22.42 6
33.03 25.44 25.89 7
32.59 23.46 23.83 8
3391 23.81 24.78 9
32.65 24.27 28.37 10
31.20 22.85 25.06 11
29.48 21.59 21.40 12
28.49 22.62 21.33 13
28.52 22.62 22.29 14
31.02 23.25 22.14 15
28.38 21.08 18.97 16
26.52 21.32 20.59 17
28.12 22.38 22.96 18
28.04 22.36 23.36 19
28.57 22.32 22.98 20
27.28 22.58 21.91 21
26.61 22.98 19.33 22
25.49 22.27 18.70 23
28.10 21.21 19.30 24
29.57 22.69 22.86 25
29.19 22.15 23.85 26
3391 24.40 23.85 27
30.53 22.36 23.46 28
31.84 24.61 26.04 29
32.22 23.25 26.70 30

1- Hamilton (1994), p. 648-651 23.83
2- Bourbonnais (2003), p. 295
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Sample: 1 212
Included observations: 210

Autocorrelation Partial Correlation

AT PAC

Q-Stat

Frob

LiuJua Rt Rny & B AR S

s
r =0

13
14
15
16
17
15
19
20
21
22
23
24
25
26
27
28
29
30

-0.354 -0.354
-0.055 -0.244
0.051 -0.0524
0.025 0.025
-0.067 -0.035
-0.031 -0.075
-0.010 -0.088
0.065 0.022
-0.085 -0.063
0.028 -0.016
-0.001 -0.032
-0.047 -0.076
0.044 -0.004
-0.0158 -0.025
-0.015 -0.029
0.015 -0.017
-0.015 -0.029
0.034 0.015
-0.0587 -0.053
-0.001 -0.045
0.041 -0.009
-0.080 -0.085
-0.016 -0.093
0.140 0.080
-0.018 0.078
-0.0587 -0.004
0.012 -0.027
0122 0101
-0.146 -0.065
0.054 0.033

26.708
28.360
28.758
29.908
30877
31.083
31.106
32.113
33.844
34.036
34.036
34.526
34.970
35.054
35.103
35.178
35.232
35.4596
36.260
36.260
36.648
38.181
358.242
42,938
43.019
43.801
43.838
47.453
52.675
53.357

0.a0a
0.000
0.a0a
0.000
0.a0a
0.000
0.a0a
0.a0a
0.a0a
0.a0a
0.000
0.a01
0.001
0.a01
0.00z2
0.004
0.008
0.008
0.010
0.014
0.018
0.017
0.024
0.010
0.014
0.016
0.021
0.o12
0.005
0.005
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Ao 3 o 1 B 3y e 05 OF (S BN pas ((8) o3, Sl
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(ARCH x0)
S i e 1(B) by JSH)
70
Series: DDPI
60 - Sample 3 212
Observations 210
501
Mean 1.64E-05
40 Median 0.000108
Maximum 0.011760
304 Minimum  -0.011760
Std. Dev. 0.001945
20 Skewness  -0.253667
| Kurtosis 14.60806
107 Jarque-Bera 1181.289
0 Probability ~ 0.000000

-0.010  -0.005 0.000 0.005 0.010
A e bsae il p(l) BLYI Jelee OF 30 ((7) S ) et
bgme pdas G LU Y oSllas ST k> 1 ol ag (A8 J2 2 ) ok 8)
r(1) S BV e OF Ll a3 LS (MA(L) 358 G155 &) ALH) s
pdas S5 LY oMl ST k> 1 Jol ag sl e Lsms 0Lk 1(2)
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ARIMA(0,2,1): VY, =5 +(1+6,L)e,
ARIMA(2,2,0): (1= $L)VY, =5 + &,

“ ;:;jswigimjémf)w\ T35 06 (s ) pda i A

kAl pde peas L;i «Schwarz «Akaike el oy

Jo 3 sadl L) 21y gk

AIC / Schwarz ,La oM pisedle s
-9.814/-9.766 ARIMA(0,2,1)
-9.826 / -9.794 ARIMA(2,2,0)

9 A bl B Sl e ST e eI 25l OF LS
‘RATS 42 5 Jlewials s 1331 ils  ARIMA(2,2,0)7 3 5

boxjenk (noprint,ar=||1,2]||,diff=z2, span=4,ma=0] v / resids

Box-Jenkinzs - Estimation by Gauss-Neuwton

Convergence in 2 Iterations. Final criterion was 0.0000000 < 0.0000100
Dependent Variable ¥

Quarterly Data From 1945:01 To 1999:04

Uzshle Ohservations 208 Degrees of Freedom 206
Centered R##2 0,599571 R Bar **2  0.999970
Uneentered R#F#2 0,5999992 T x R#*Z 207,595
Hean of Dependent Variable 0.5350945529
std Error of Dependent Varisble 0.3260923534
dtandard Error of Estimate 0.0017714179
Swun of 3quared Eesiduals 0.0006464115
Durhin-Watson 3tatistic 2.016620
Qi3n-2) 22.573872
Significance Level of Q 0.93285454
Variable Coeff std Error T-3tat Signif
i e i e i ol i Bl e i il i i B e i el Bl B i el il i el i e e e i ol o
1. LR{1} -0.445685680 0.067680563 -6,58514 0,00000000
2. AR{Z} -0.246697565 0.067673202 -3.64510 0,00033542
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; . -1.96 +1.96 :
[« 2 [ ﬁ: q; } J>' { . J

b A el £ ade glay ARCH(T) jlast OF V) csllast Y o 200 200zl s

oo b oal ST (LM =12.516) ARCH-LM #slax| Of & el b, 2))
H, (b 2dl ol (ol a3 03] 2 5 o] & oy g7 9 Wgast) el
AL e e 5 OF sy UV GARCH 3 5ad i 310l OF am Mia g
'RATS pliscnly 1JU) sl oS

set sgr lag resids S = resida{l1r¥*2

Set sSgr resids £ = residav+z

linreg(noprint)] sSgr resids S

foonstant sgqr lag resids

compute arch lw stat=3snobs*sragquared

display arch lm stat

12 .51680

plasial ARIMA(2,2,0-GARCH(1,1) z3sedl pii oz (A dmess
m&x;@hi\ﬂbcfud\g ﬁbﬁd‘g‘d}d\6¢>igﬁﬁ BHHH 4. )\ s>

12) Jed) 3 andl AU ) e Jeamid (@A) s o e )

ARIMA(2,2,0)-GARCH(1,1) z3sed) a5 1(2) J gt

55 gees Al B )il 0 JInt
-4.9703 -0.3858 é,
-3.2432 -0.2142 ,
2.6353 0.1267 a,
2.5721 0.2172 B,

-333-



C3 g Al 8yl ol b
587.8510 0.0000019 a,
0.9999 R?
0.00064 D8 g et
2.0371 O gl g3 Ala|
1041.2977 3,0l 3 aall 2is
-9.8599 /-9.7643 AIC / Schwarz
0.0014 White astax|
0.1014 ARCH-LM #ita>)

A pixedl U5 S5 (@) Jad) e Leds Jeamdl el IS
U ool Lo els

By Aoty i)l o Lgme Gl Ul adlam] Lgme JLU ok -
ekl sl B A A e Ll ST S gne o8) H, 235 0.0.05
«(1.96

Ll 5 O B s @ O GARCH 34 Sule -
(32 i aa bos of F @ + B =0.1267 +0.2172 = 0.3439 < 1

sy ((R” =0.999) 14> ale & s 5,45 ARIMA-GARCH 350l -
S laily 5ual Gl e oY AL pilles Y e el Lo
“«©®)

O gdl 9=t > Adlam] dms Mt (o paid) Jlg o U D) s -
2.0371 s 5bes &

ARIMA- z5sed) elaxy auldl Ul OF () White afla>) 25 -
s Waadl aadll e LU T LM a8l O & wilnis GARCH
(8 &y > by

&) ARCH-LM aslax| O jlael juibmze cllox§) odd b2l ol -

S R By el Aadl il e LU 10,1014 (s 5ls
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112

0.96

0.80

0.64

048 4

0.32
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ARIMA(2,2,0-GARCH(L,1) g 35 s 15 :(10) o, JK2J1
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Sl Sl b G 5 G DL Y1 Al (1) 0B, S

Sarnple: 1212
Included observations: 210

Autocorrelation  Partial Corelation AT PAC Q-Stat Prob

I 0.022 0022 01043 0747
I 0.011 -0.011 01290 0938
I 0.023 0023 02393 0571
I 0.020 -0.021 03241 0983
I 0025 -0.023 0.4559 0.894
I 0.022 -0.022 05659 0997
I 0016 -0.014 061585 0299
I 0.013 -0.012 06570 1.000
I 90018 0.3 0.7344 1.000
I 10 0.026 -0.026 0.5312 1.000
I 11 -0.025 -0.028 1.0512 1.000
I 12 -0.014 -0.015 1.0983 1.000
I 13 -0.029 -0.030 1.28585 1.000
I 14 -0.030 -0.031 1.4857 1.000
I 18 -0.026 -0.028 163583 1.000
I 16 -0.015 -0.018 16916 1.000
|
I
|
I
|
I
|
I
|
I
|
I
|
I

0~ 00 M o= L b —

17 -0.025 -0.028 1.5339 1.000
18 -0.024 -0.028 1.9685 1.000
19 -0.012 -0.018 2.0044 1.000
20 0.031 -0.035 22302 1.000
21 0.025 -0.034 24103 1.000
22 0027 -0.035 25316 1.000
23 0.025 -0.036 27643 1.000
24 0.005 -0.015 27703 1.000
25 0.023 -0.034 289258 1.000
26 0.033 -0.045 31563 1.000
27 0.014 -0.028 32038 1.000
25 -0.004 -0.019 32082 1.000
29 0.021 -0.036 33161 1.000
30 -0.011 -0.028 33485 1.000

Ll bl Ll e s S
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Asymmetric ARCH or § 5L =\ » & ARCH / GARCH ¢3¢ .1.4

:GARCH Models

Ol (3 dol g Sl 2kl 12 ARCH g3bed) i g oL Ul sl e 0]
L i pas () Jgmie OF on 2lan 555 o STy 3 bledl s 8l bl
o U sat A L (Wl ol g Ll L) 55L8) 065 e Ln il
Exponential Generalized AutoRegressive EGARCH z3s¢ 73l ods
25 skdl wzal &> Nelson (1991) k> ) &) Conditional Heteroskedastic
Threshold AutoRegressive Conditional " TARCH 3y pldl bl
Engle and > 3 &l 4zl <13 ARCH z3layy O Lo o "heteroscedastic
Cb\.«d\ sJd» Rabemananjara and Zakoian ('.:»& 1991 4w (3 sBollerslev (1986)
Threshold Generalized " TGARCH Tisen Whed e HINP

."AutoRegressive Conditional Heteroscedastic
107 13) Lad 5 13) EARCH(p) z35% ¥y &, 8,9 OF J58
p
logh, =a, + X a,l¢n, . +7(n,.| - E(n,.)]
i=1

Nn.i=¢&./h
E(n,[1,)=0

AU e e sl M 3 e gl Bl e ud
St 5 Blaze oy 5 ke 2 w8 3 g(m,) =, + 72| - E(n,2.])
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t sk ST 55 EGARCH(p) 8 5 el

V4 q
logh, =a,+ Y a,l¢n, . +y(n..|-E(n_)+>. B, logh,,
i=1 =

J st o &, oF Lose el L] ol Al Nelson (1991) jeéu
BLY 390 1S Lok sl dhns B )il by 8 e
73589 TARCH zisen ood 3 BLll j8 23kl o 2l gty
U298 ha ) dreall G~ Zakoian (1991,1994) < b e i~ il TGARCH
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107 13| kb s 15 TGARCH(p.q) 73503 332 &, 8,9 )

P p 9
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ht =Q,+ z ,ai Ei ™ z ,ai &t 2 ,ﬂjht—j
i=1 j=1
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9 a; 20 20, «a;>0, =~ g =min(,0) 3 & =max(e,0) o>
Vj Vi, 20,

eyl sed W) Se L bl el GUAV B dd e Syl ods SO 5
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o QUL Ay 0T L UL & gl 5 esll 3 b 0T ) Robins (1987)
S ade famn Ul o sadl OF ol ol o AIW LSl lond Zelis 8
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5 FIGARCH £3L w , oY) glan 3 and) o olygpd) p T ¢ 5 Jla
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9 1986 Ly e Om sdiell 528l (3 SP500 ,a5e w3950 o0 Yl Jl
AGARCH(L,1) 73U pin psi (13 o3, JSad sy 1996 seas
i) )9 329 RATS 5.04 22 » Jlexisl GIR-GARCH(1,1) s EGARCH(1,1)

(@53 Lo gl W b oadl Wl e Y s ¥ akolld) ol O 5 25 .BFGS
Anl g J&«gkébjid

cal 19536 1 12

all 1996:1:2

open data returns.x1ls
datal(format=x1s,o0rg=cals)

*

compute gstart=:2,gend=1996:1:2
et ¥ = sSp500

*

nonlin{parmset=meanparms] b0
frml resid = yv - b0O

declare series u :* Besiduals
declare series h ¥ Variances

SP500 &5 &3 95 o ddo 1(13) 95) Ji‘ij\

-10
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-20

25 T e e
1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996
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IGARCH 5 soil) ddls —
2ol anl) B e Jsamdd B e 339 2550l

NONLIN (parmset=garchparms) VC Wi VB Vi+VE==1.0 Vix=0.0 VB>=0.0

FRNL HF = VC + VATH{1} + VE*U{1}+%%2

FRML LOGL = [(H{T)=HF(T)), (U{T)=RESID(T)),-.5%(log(h)+u**2/h)

LINBEG(NOPRINT) T / U

# CONSTANT

COMPUTE EO=%EETA (1)

COMPUTE VC=%3EE3Q, VA=.50,VE=.50

SET H = %3EERQ

MAZINIZE (parmset=meanparws+garchparws, METHOD=3IMPLEX, ITERS=5,NOPRINT) LOGL GSTART GEND
MAZINIZE (parmset=meanparms+garchparws, METHOD=Efgs, robusterrors, ITER3=100) LOGL GSTALRT GEND

MAZINIZE - Estimation by BFG3

Convergence in 11 Iterations. Final criterion was 0.0000003 < 0.0000100
Monthly Data From 1956:02 To 1996:12

Usahle Chservations 131

Function Value -254,375935831

Variable Coeff 3td Error T-3tat 3ignif
i o i i i i il i
1. EBO 1.737398 0.305473 5.68757 0.00000001
2., Vo 10.349904 2.113347 4,85740 0,00000097
3.oVh -0.000000 0.000000 0.00000 0.00000000
4, VEB 1.,000000 0.000000 0.00000 0,00000000

fb el b s WL

graph 1
H#H

IGARCH(1,1) b 230 ol (14) o3 S
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'EGARCH g3 yold declly -

NCHNLIN (PARMSET=GARCHPARNS) VC WA VE VD

FEML G = AB3(U(T)/3QRT(H{T)}) - SQRT{Z.0/3PI) - WD*U(T)/3QRT[H(T))

FEML HF = EXP(VC + VA*LOG(H{1}) + WVE*G{1l})

FEML LOGL = (H{T)=HF (T}, (U{T)=RESID{T}},-.5%{LOG (h)+ur*2/h

LINREG (NOPRINT) T / U

# COM3ITANT

COMPUTE EBO=%EETL(1)

COMPUTE VC=LOG (%3EE3Q),VAi=.05,VE=.05,VD=,05

SET H = $3EEZQ

MAXINIZE |parmset=meanparms+garchparms, METHOD=SINPLEY, START=INIT, ITERS=5, NOPRINT|] LOGL GSTART GEND
MAZINIZE (parmset=meanparms+garchparms, METHOD=Bfys, robusterrors, 3TART=INIT, ITERZ=100) LOGL G3TART GEND

MAEZIMIZE - Estimation by BFGE

Convergence in 29 Iterations. Final criterion was 0.0000021 < 0.0000100
Monthly Data From 1986:02 To 1996:12

Usable Chservations 131

Function Value -244,77402295
Variahle Coeff Std Error T-3tat Signif

Ee o o o o ok o o o o ok o ok o o b o o o o o o
1. EO 1.1804506467 0.3279196724 3.59934 0.00031829
z. Ve 2.4116589911 0.5251836946 4,56595  0.00000497
I.oVi 0.1285267503 0.2037656011 0.63075 0.52820697
4, VE 0.2917150437 0.2240524457 1.30199 0.19291828
5. VD 2.06907938052 1.2584821692 1.59346 0.11105695

pab ) ) W Ll

EGARCH(1,1) b 0! ool :(15) o8, S

500

400 +

300

0 L e R S T T
1986 1988 1990 1992 1994 1996
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K3H{(LXRC}IG§)MASLMJQ -

MONLIN(PARM3ET=GLRCHPARNZ) WC VA VE VD

FRML HF = VC + VA*H{1} + VE*U{1;%*2 + $IF(U{1;<0.0,VD*U{1}*%2,0.0

FRML LOGL = (H(T)=HF(T)), [U(T)=BEZID(T)),-. 5% (LOG (L) +u**Z/h)

LINREG(NOFREINT) T / U

# CONITANT

COMPUTE BO=%EBETL(1)

COMPUTE VC=%3EE3Q,VA=.05,VE=.05,VD=.05

SET H = $3EESQ

MALEIMIZE (parmset=meanparms4garchparms, METHOD=SINPLEX, START=INIT, ITER3=5, NOPRINT) LOGL GSTART GEND
MAXINIZE (parmset=weanparws+garchparms, BETHOD=Efgs, robusterrors, START=INIT, ITER3=100) LOGL GSTART GEND

MAXINIZE - Estimation by BFGS

Convergence in 22 Iterations. Final criterion was 0.0000000 < 0.0000100
Monthly Data From 1986:02 To 1996:12

Usahle Chservations 131

Function Value -247,30359439
Variable Coeff 3td Error T-53tat Jignif

L i A i A i o
1, EO 1,55125492  0.66332438 2.33861 0.01935579
2. WC 13.06310540  Z.69443921 4,84817 0.00000125
3. VA -0.13180774  0.12710628 -1,036599 0,29974125
4, VB 0.22127433  0.20535603 1.07438 0.28265395
5. WD 0.92419573 1.13644414 0.81323 0.41603354

GIR-GARCH(L,1) b 11 o\l :(16) o3y JS2J)
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0 e e e T e e e
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i gt 8l e aESI Ol jlast 2.1

:Correlation Dimension Test LY day sl 11.2.1

S LU Y asy & Lean |Le) Grassberger and Procaccia (1983) Cj:B\
Hausdorff jLe=Y duy jam

O3 e Y1 =12, T) LGl e gaz jondy i) dde {Y) S
Ld 7,7, | owbi dxby Chaotic jssie pladl O3l Of 528 . Attractor
28 Ollaadl OUls aSnY) by il Lagred 15 ool (3 e LA
B s Al o g B aSaYl dbadl ey et pro L OY LS > Cpikes o
35 SVl b2l dadl) OF Jlzely ddlain el ol Gzl (i) alaiil] il
e o DU SS U8 ot 5 g cliab (3 LU s wish c3delze Oyl 3509
NESEE

:Correlation Integral Ll &y Sladl LY e ek

‘Heaviside 4> > H o GBI Ll ||Y,|| :maxq}’i|) T, =T-m+1 &>

Hle |1, -v))=

ClemT) = (T ZH(

1 osiz|r-v)|<e
0,

15) Wliad Glas o ¥, 5 ¥, Ollaidl (LU oSS Wolas fiad 3i2 pn LS

oo s) i Sead BLA 2 5l eds e e BT Ry Ll oS

Bl 1 ) Lsbos memars 5SS Cle,m,T) ce - 3ol o)l =T e L)
(0<C(e,mT)<1)y B Ko 35S & 0 Jam oo
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o 4 Brock and Dechert (1988a) s Denker and Keller (1986) .o |S™ o 5
Cle,m,T) &Yy T —0,C(e,m,T)——>C(e,m) iz by all LT 1]
Ll L(Clem) d) Jes i Jss
C(e,m) =[C(e.)]
5 DYV Vi) ol Zlg5l e e LY LIS ks
& or S gz ) STt (3,300 )
D T O A 51 QCC Pt R o N

<&

H(yiaymr“-a Yisme1)s (yj’y_j+1""'3 yj+m+1)‘ = max ]‘

me[0,k—1

Yiem =Y jiom
(Fhad L)l s ) Cle,m,T)=1 0B «
OF sm Mg (Ll iz e b2l of et e g 08 13 e
Dy dis LI 03 L Cle,m,T)=0
P ST Lo, LU ey O

D, = Jim -2
c—0 ln E

b i Sl e (=1, T e Y ey Al L) 387 13] (Liales
ke o 2 (3 plad s )om sl Al
V=Y Yin)
.Embedding dimension - ; cows m G
pobe sdm g g Al o yem e Cle,m) LY BISS Oles o
Grassberger and o2 & . J spall Al S Jl e um g leadl Vs
tiew] dias Ll 5n C(e,m) O Procaccia (1983)

03cd, = lim LEEM
c—>0 lng

InC(g,m) =~ dnlne < InC(e,m) ~ Ing” < C(s,m) =g

1- Brock and Break (1991)
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'"Embedding Dimension" m Al xS Ldis Lg% 550 Cle,m) 4 g
s S dm cW\oJﬁ:dy\}.dm .kx)\ul.ccm. 5%3&5&?@4&,&.4

:"Correlation dimension of attractor’ 3kl Ll | day 8 a5 2lls ‘;’c Lod)

d = limd,,
c;’C = lim[—d InC(z, m)} :jT
m—e dlne

59 O ) ol e Lpslionzad S Al 3151 (SCas bl Y ey dy b O)
R T SR S

5oVl e OB it B she Ol phie penas Akl S 13 L A 3 L]

m e B D aS sl b eliad S v (A By g 6 Ae U

SN ddlyte Sygpm Wl L limd, =d, =00 BVl o e

2 sm sSS bks g Y d, O cSaturation ¢ Layl e Lad Of

"Embedding dimension" x| o ddly a0y e LU A of
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Al g 839 d d, 1(1) By SN

oo
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s d, cdeterministic suds pllay dlie olball Cl87 15 L A 3 2

o d, AT e e e e ety m 5SS i d, (S g i

ozt G ol a5 T o m22T+1 ol o m e it
tolleall

s 89l d, 2(2) By S

:"Lyapunov Exponent Test" Lyapunov sl ;a1 .1.2.1
Mo 4y 3 L e B ol O )W ol 4sl Lyapunov el e
Agey ol Ve B gl 5 ,ud)) Ol U] i (Ohld) Aels) dor ge el 34 g
O™ gy g el Wi Mo (g 3 ol G SRV AN OIS 13 A
L oS e el ) e pllal) el g0l 2 By Lolie JlanV) b2l
& o8 AR RRAL Rl OF jlae) (S Rl By B ,me ARV Aaid) O
JE s el IKe Jug g ) ola h bl ods abaw 5 p ol JI2
oy ISy bl atflas dih g g Rime Eisj 8,5 D op Lasas Gl

. A=y (3 Ellipsoid 236 ot (] Initial sphere  SlazY) J Je= ((3)
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t?5 o 3" contracting" 9" stretching " :(3) o) Jsad

o C
B
A B
* B /
D
D

3 0Vl & Ll lagiams o Ot 3 Gl e ol &% "stretching” J:\ ol
C ) b Ll OF o G e Ll Olaely o sw Original Cycle koYl
s iy 55 " contracting " T LT (i) (ke AelS & esk Lyapunov
ke Bgte 8,3 day Ol L el Cpzleadl O
S ey ol K s o) e Gy BLL Sl 13 (A s
Ay 25 «2UdST chaotic character _plsé iiw Jla OB (@Yl by 2l
t AW Lall Ll (Lyapunov o ST
A <0 O 15l )
A >0 0815 pled
;) slal) Jlarzely Lyapunov (el 87 Clas S5 ciale 2y

T (r)
A= }1_1)130 Flog{ﬂ"i }
.Uzl (Jacobian Matrix) & 55 Ukl 2 giaell 251001 ) Jud T o

(T — o) Asymptotic limit 4. & &S 3 2 Lyapunov uj Of ba L=
. s» Lyapunov . J 4>1, U‘“T Jf}{\ P Hla O}gg
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Wolf and al, Wolf &»j )5 alaszuly U3y Lyapunov el cles S&

Nycka and al sl Schreiber (1993) @l 558 (5 =1 Wbl s> Lial 5 (1985)
losd (The noise (i sid) 350 g 1 (3 5 Alabg &8 wils ael ) (1992)
< x Hausdorff dad s 21 aol ) i Llon OF Ll -S4 Lyapunoy e

kWS D,y d e sddly Lyapunov Ay

m

S

i=1

d, =m+
[

m+l

DA <0 9D 2, >0 055 of b
i=1 i=1
;W B Ll bl S (63 psde O3l Wl (3

d, =2+£

4]

.Hausdorff 4= (s slu 5 RS ST Lyapunov da cisle dia;

Sl (b jlast Al (39 s jlas) S8 Y (S b B3l P I S E
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se S\ dauly (- 31 Wof and al (1985) OF cn (3 .5 it s U] 5585
35l Gty (s i)l SUL Lo e Wdelans e dsl 3
ALl J 0 %10 o OF g Y il G 6 gl DL —
Bl e %10 a5 Bl e aale diw 5l cubi o LAl BLL -
.S gl
S ol i) 3l i axld ) e ) el s L W

.Lyapunov ufﬁ L 8 e 08 L&) Ay OV 92 iy oL

01 Jie

SJ. ) JB)\J- SP500 439> e ledw LSLC' Q:’-JL?:’.'Y‘ U-JM &izw: LJ\.:':L\ fda L}
Correlation LU, W) day iz Vol o585 .1996/06/12 5 1968/01/02 (v 34zl
r AW J gkl 3 el il g dimension

LUV dny o il 11 J gk

15 10 5 2 m
3.21 231 1.25 0.52 CD

Embedding " dadl ao Ll BLY an OF (1) Jadd) IO n S
s Of x M "Embedding dimension” tad\ - ds e 31 .Sy "dimension
(R e By 39w g (8T) 8 s Rad oE OB Y ol Al

A 0T i SN g day plaill OF e o2 0 &T ) Ls 5 yLay) ud
An 3 b O e o2 U Lyapunov o & Gedd s (Rbsie 89 3han
Y S VT 8 5y g ) Bl pie o ad B sy L5 5Ls] s DL
Lo i pllad) 058G SIS Yy by, b s
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Embedding " 4adl sax Lyapunov s Lo FE Q) Jod)
Les 40 ?lﬁi 10 o5 24l I3 10 4 3 -+ "dimension

Lyapunov o ;ST olus 12) Jsid!

m=10 m=>5 m=4 m=73 G 5 6 24
0.0105 0.0242 0.0241 0.0174 10
0.0022 0.0072 0.0065 0.0047 40

dL 8L (rsie O3 39y (55 A 9o Lyapunov - JS 0f Vil Ll
dealed gl 3,000 OF ) 5,La) lias L se Lyapunov o ST e (2U3
sl e 5,08 5SS 508 Lyapunov o aed <ilST LS ciimd 2,39 U
sl e Aol g Ld 5 3t Lyapunov o ded OF 6 =0 agm oo Lo
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ST BB e 055 ) Lde Juamadl) 0l 56 (bl 55l apad O 13
1
e Gmssdl 9 Mackey-Glass . J &gl 48 oLl gbla) dslas o C“';"
2L LS S el i e b8 s 0,5, 35 sl (s

Y—r
Yt :a1+tY2 _§Yt—1 +é,
-7

(Sl Wkl ga g 5 bl s e 7 Eom
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2- Kyrstou and Terraza (2002)
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Mackey- ¢35 &S S &b e go Ol i e BJW Al o7 13
1
Dk LS 2 sH Glass

Y, :aL(l+sinw(t—r))—5Yt_] +¢&,
1+Y°

-7

B M) L) O 3yl 3 2;” SN O 55 U 0t e

5 5=2 gl Al D 3 s=1) 50 b S e wzﬁ&w
: G
() s ST s =12 dhad OSTIY s =4 delis Al Gl

02 Jus

D= CACH0 50 a595 L G gl aldl) 3 el gl el s greed
Al odd L 5 gedll aE £ 1999/05/28 5 1987/09/07 (s dzal) 8 il

4390 L) aledo P BDS L C?LU 13) okl

ol¢
1 0.5 "
5.6170 42522 2
7.3283 5.5562 3
8.9349 6.9679 4
10.235 8.7084 5

LLyL e CACA0 350 03930 dhades OF LS5 ((3) Joadl D e

gl iedll o L ST BDS wlbilax] OF Ll iid awbp 2bj o>
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1- Kyrstou and Terraza (2008)
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LU ey 25 w315 1(3) J gkl

10

9

8 7

6 5

4 3

2

m

6.522

6.244

5.878 | 5.477

5.091

4.562

3.794

2.928

1.918

C.D

< 7% Y s "Embedding Dimension" AxJ| & M BLOY s O Ll e

OF Lyl Lo 51 gl 39 ) ailiad addl (3 me g § dtens dad po

5 Bh Aske Syspe O e 03 cmall b e wi e DLV Ay ke

e Lyapunov o olat psi (CACA0 2hdd STA) Sl dasd
-2 e b e S5 5 &) Gengay and Dechert (1992) &5l s 3adat 21395 1)

."Feedforward Neural Networks"

.CAC40 345 L Lyapunov el a5 1(4) Jsid!

sic | <10 7() MSE A(2) A(1) m
[17.0686 | 038150 20.96070 20.0183 I
[17.3208 | 029336 1105136 0.01341 2
J17.1031 | 0.36092 -1.10709 0.04474 3
[17.3284 | 028511 J1.04743 0.05352 4
[17.3266 | 0.28264 104877 20.01775 5
[17.3155 | 028279 2104815 20.01860 | 6
[17.2871 | 028791 1102332 0.05006 7
[17.3030 | 0.28042 1105714 0.01201 3
[17.2862 | 028217 106187 001789 | 9
(173145 | 027146 20.99168 20.01933 | 10
[17.3076 | 027047 20.95933 0.01551 I
[17.2627 | 027993 2106067 0.00218 2
(170423 | 028272 -1.04814 20.00096 | 13
[17.2388 | 028076 -1.05972 000197 | 14
[17.2584 | 027242 20.95444 000182 | 15
[17.2625 | 026850 20.97029 0.00295 16
[17.2122 | 027938 2105679 0.00215 17
[17.1994 | 028004 -1.05949 000227 | 18
[17.2267 | 0.26964 20.963569 0.00313 19
[17.1847 | 027827 104317 20.00155 | 20
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A Je (SIC) Schwarz jlas 5 (MSE) Uad! w s Jaus s2a Olbamy Ol
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OF sa (Sl il Y o et 21 sie 89l oda OIS 13 Lo UL eian Y
DY et b b8 s old R gde B e OF (S W Sl
[ & sl a2l (MG) Mackey-Glass 358 iz p ki cded jdll o
CAC40 &350 &5 93 0 aluds Je GARCH(1,1)

Ol > (Eviews 5.0 sliszel (7=1) Mackey-Glass T35 Ay
¢ 9ld & ARCH-LM &ilax| OV ulmie o byd s ofd il Sy
03 .0.05 Bgine Gy 1 & Gyl 77 mojsd Wgdd 2adll e LU 4STT39.44
AW (5) Jgdl (3 ds ldl . MG-GARCH(1,1) g3 5ol A&

MG-GARCH(1,1) 35 245 i(5) J skl

JRUONEY Juald
187.46 .
(145.10) a
187.38 -
(145.20) g
0.0000792 3
(1.8874) 0
0.14999 .
(4.2839) !
0.5999 -
(7.607) b
12332 ARCH(1)
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Hy %o Al a5 e 3lax| & yins MG-GARCH(1,1) &35 OF o>
OV 0.05 & sinn Ao i) o bgins Gl s 201 Ll g w353l S¥alas O (6
BLo| 196 el mj sl ot Al o LU ST w8 G ) 53 gm0
Sl bl U OF b Al s Sl ol e Ak (U5
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ole
1 0.5 "
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Mandelbrot and Van Ness. (1968) oo S ;b &l el sde o iy 3
i S Brown i > <lLw Hurst 5 Mandelbrot and Wallis. (1969) 4
ekl el ol psad G5 a4 "Fractional Brownian Movements'
OlS o Db Ol gl ods e ."Fractional Gaussian Noise" (s !
OF Jlael by glall 3 ST &S 0 5 s dhekes e W8 Lie ) dhedid sl alysb
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:ARFIMA 5 9yl i o5 1.2

LS 3 s 2 uS) Brown 34 abaidl el & A 5 23l sda e
w2t V=12, T Akl OF Jo8 adds b el SV o o
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A e g s p i
P .
¢,(L)=1-> 4L
i=1
q
6,(L)y=1-> 6.I
Jj=1
(0l iy e 2, B 50 el sl g
Il G 33y S ) (6 S LIS Llag (1= L) one

L d(d —1)...('61 —ntl)
n:
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fd 3 Akl Al g G5y 5y ) ods ailas sllacl p i
T o 0, (L) sl 2sidl 8 el S5 d>-1/2 05713
.invertible <&l LB {V } 5,45l OB s> 5l
T & (L) e s9adl ST el IS0 d<—1/2 05 15 @
3 e {7} 530l 05 i )
anti- sseall Lo {V} 5 el OB (—1/2<d<0 O 13 e
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dogb 3510 SEws Syape (V] OB 0<d<1/208 13 e
Al Jigb 3 sanal) dordad Lgaliszal (S (Al Alsb a ) aza))
Pk S0 A e a D G LUV A el W) el 3
e N mdl) sae 5SS Ladis (W1 wlas IS Jey il
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AL ailadl ods dul s (Sl Agb 45T ey ARFIMA(p,d,q)
p(k) = y(k)/ y(0) @ LLs N dls . ARFIMA(0,d,0) & SV 83 o) Wl
e ST b 5 el

_T(k+d)(1-d)
CT(k—d+D)I(d)

p(k)

U 4 )l arally S g

F(l_d) 2d-1
ky~——k
p(k) )
e 59 ndl 0dd Spectral Density 4l LS Wis
wel0,z] J=l o f(o)=[2sin(w/2)]*

pk WS i e Al @h,ﬁsgsj

f@) =™, |o|—>0
Frequency sl s (pick) 83Ls all= aadall BUS alls [ glaf caalal) L) (3
I ol S e a3y 0
3 Jus
ARFIMA(D, 0. 5 55l s e Al sl o sllall GUS41 225 Jlamtaly
23, 0)

(l_L)dYt =&
:T=1000 ~ a5l dlee (3 RATS 5.04 a2 s

ALLOCATE 1000

FREQUEMNCY 1 500
SOURCEMOECHO) XGAMMA SRC
SOURCEMOECHO) ARFAIM.ZEC
COMPUTE d = 23

COMPUTE T =300

CLEAR Y

EARFSIL AT ¥

GREAFH

Y
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ARFIMA 3 9y 352 :(5) o3, JS2I

T T T T T T T T T T
LI 1 O IV I 1 N N [ /|

to2 A 1 GAUSS 22 pldsan) Laf S«
nEw;
library tsm, optrmurmn, pgraph;
mdseed 123454,
d=0.23
Baobz = 1000;
{wretcode} = END arfimaid, 0,0,1,1000,Mohbs, 13,
t=seqall,1,Mohs);
graphzet;
_pdate =", _prum = 2, pliype = 6;
title("Fractional processes"y;
_plegetl= {271 1};  plegstr ="d=-0.23\";
slabel{"time"),
=y (L),

1y shall 8 S @dre s B b 2.2

‘Heuristic methods &2LiSKawy! G,k 1.2.2

Y sz (H Auto-similarity I ala) olre iz Lo G bl oda e
Hurst o 3 R/S asla>l L

Lo g0 o aludldl o bl £ 45 4 trloell slelS” R/S Lila>| 2
1Ak WA e bgede gL
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BYL wldaall L2f Sl sda 3. LY g s de ) uSlad) Gy

U
1 H
Ris=(37)
2
17 ~ log(R/S) L 03]
logT

ok Cpy Hurst b Lol € sl Josb B b il oS
Aland) olblall boge 5 (S Lol olelel) boge oo bLY
I Al 2 il ok LY LGS
C, =2"""-1
tHurst _oF oo 83 92U 2l 33g 2 LSl Canas OF Sk
(sl fisb Lo 6l en Y Gygndl OB (H=1/2 05 13 e
&ly95 31 White Noise eVl Jisid Yo pgdns €, L,V
.Short Memory processes s ywaill & 514l
LY eMulas dlyob 5 S0 es aladldl OB 1/2<H <1 08713 @
(LA B ) 8 i)l (ST L s day a8l A ga LdST 31
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Ssenall Ao WU sda (3 juwi dye el OB O<H <1/2 O 13 @
Cy LI oLl |15 dsgae ¢ W)l J>) - :Anti-persistent
S Lgb s seall iy s WY e (Il
LT s @ Jten L SSCiw |58 R/S aflax] oda 1) Lo (1991) jLal 4il
ki (5 gaad 3 ST e Al Aldldl ST 03] ALl sull ad LU YL
R/S #la] Lo (1991) z 31 cpd) 11y 1imie R/S Jold Jlamsuly Hurst of
r AU K Al gy aaal)

0, R/GT(q)—O_Yl(q {maxZ(Y ~-Y,) - man(Y Y)}

1<k<T

Gr(q9)=R/S; = Z(Y ~Y)'+ {ZW(Q)Z(Y ~Y,)(¥, )}

i=j+1

W_;(Q)Zl—ﬁa q<T s

0590y g lsmdll AN (B o) Bigee A LLILYI S lles OF Lamdis
Andrews 3 (L Newey-West. (1987) Sk 1 Lros ¢ w;(q)

t AW L1 (1991)
3T 1/3 2/3 2/3
= k =| —
q [T] (2) (1_[)2
eV B e @ LY s Py ky - ) e b e [k,

alay 3 gl ws ol OF Jodll Ko, =1 Bl w () 01551 aw

T

m Mg i gb 3 ST I3 g el SIS I3 L aSlas Y eds ULy 5 Lk

Slgmd =l o H>1/2 Jof bt o J g Wlsie i g b Of
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g lsh 3,515 @3 5 g o B A (S Gld) KB e ity K, ST R
s 5 51 ol
4 Jo

w85l France Telecom agw %3950 Jo i il a3 bl gl »od
9 Hurst o pai o sllll 12005/02/29 5 1998/01/05 cr ddwel) 3zl o=
Alaal) R/ adlasY ol e

Tt Dt e AU hurst.sre "source file' _ils Js RATS =l s

Wl RS aila>| ¢ 9 Hurst V-lal e iy
SOURCENOECHO) HURST 2RC
@HURET DLOGY [

Lineat Regression - Estimation by Least Squares
Dependent Variable LOGES

Usable Observations 540 Degrees of Freedom 533
Total Observations 1973631 Skipped/Dlissing 1973091
Centersd R¥*2 0936641 E Bar ¥*3 0936523
Unecentered B*¥*2 0997530 Tx R¥*1 538666
Mean of Dependent Variable 1197aZE6025
Std Error of Dependent Variable 02414386612
Standard Error of Estimate 0.0605296081
Sutn of Bquared Residuals 19907207767
Regression F(1,53%) TR53.2643
Significanice Level of F 0.0000000a0
Drathin- W atson Statistic 0.053386
Variahle Coeff Std Error T-Etat Signif
bk e ok sk b bk o kb s bk b sk b sk ok bk s bk o kb b ek ok bl b bt b bk o ke o e ke ke ek b ek ok el b bk o ek s ek s kb b bt ke ko ok
1. Constant 0107111493 0.014262573 -7 20679 0.00000000
2. LOGNOBE 0. 5365696220 0.006343238 2012108 0.00000000
Hurst exponent = 0.56570

France g %2333 bl Ol Cn (Hurst (’l’“’ A Bl SR E
50 o oyse Hurst oY 5,0l i)l 0 alsh 55715 55 e Telecom
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LU O jlael dgime RS aflam] Of Eom ilill sda uST3 (6) JSS2N 0

S ) Slgmd ol a i bx J s Ul sie cais

R/S &ilax| pdds 1(6) o) JSE!

Ll s Zgj,\lal\ oLla>Yy) &) GAUSS iz Jlesza! L.p.ﬂ d_(.g
:L}L:J\ E»Uﬁjp

news;

libraty tatm, optmutm, paraph,
TR et

#hnclude hurst. sre;

load ¥[1,540]=ftelecom. dat;
{Hx} = HURST(,2.5);

N =x,1],

Q=z[4],

V=1x.5].

fit ==[.6];

print frosth, "Hurst exponent: %616 4,33,

1Al RS 5 RIS sl Ly Jaé
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graphset;
_pdate ="", _phum =2,
title"FSS statistic™),
abel"n"); ylabel"lo g/,
LOGE(N log{O)--ft);
title"V]n[ statistic™);
wabel{"n"y; ylabel{"V]n[");
Bound = ones(rows(V),2) *¥(0.809~1 86 2);
_pltype = 6~1-1;
(M, V~Bound),

:Semi-parametric methods dwlal) 4. @ Sl 2.2.2

e S5 Ledas 48 8 48 b Geweke and Porter-Hudak. (1983) - 3!
LY Bl s O Ol OMs on "Spectral Regression' b S
Sl =T e gtad Jaes jame e periodogram &9l Al 4 e )
L jlize | jdde jeom &bl (s aall Ol M 44 o @, = 27/T Fourrier - J 1Y)
(U AL slanll dadell LS Wis e GPH i b S5 5 .d eleal

i |2
f(wj.):‘l—e 1 @), @el0,7]
) ’ . o’lfe ’
SPSNUNE W I EN feo(w)=———5 S
Zﬂ‘p.eﬁ"’

(1-L)'Y, =&, ARMA
rde et aa bl B s e o el Jesl

log f(@;) =log f.(0) - dlog‘l _el 10gM
J 5 £,0)
Cperiodogram’ & B L) oS

-t e PR 1 = —i®
)L'.'}LU sl HM 7o 4.391.&5\ sdsll ﬂ,() & cIT(a)j)zz_ ZZ(hh,)yhe h

h=-T+l

Ll il e ad oLl O Lpeel 13 L0<r(T)<T 0S8 &t
03] L) W] Ss log(, (@)1 £,(0)
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Y, =a+pX, +n,
Y, =logl,(@)) HGIvC
. 2
X, = log‘l—e_lwf
IT(a)j)

=1 - E

n, =log @) (m)

a=log f,(0)+E(n)
B =—d

& gM)=T" T—ow: b mT)/T—>0 &t sz T3 dls g(T)
200 R B R kad 5 W dlies p, 455k =Nl 0<m<1
.W\sbu\ww;vaﬂf&fg

I Al e (6 el Slay M 3R by (6 WS IS eles is
>(x, - X, -7)

C?GPH _ =l

1

Z(Xi _)?)2

i=1

L (logT) /m—0 ¢utom e Sl 13) 9 —1/2<d <1/2 08 13

t el ) B Ahay an OLS )die OB (T —> 00

T o0 Jol o d o5 N| d,— Y200

Z(X -X)

T" L O Crato et Lima (1994) s Porter-Hudak (1990) s 5 o

m=050.6,07,08 s [ =T" &t ba el
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5 Jus
DN & e Al e alsbl 5 510 Jas i) GPH 4k sodey o5
log-differenced Oil Spot (oY) ax I o g i)l oIy w2l J g

2008 jeews> 3 1973 ) yé g o sdiedl 3 2all D Prices

oo bl Periodogram sl Al Uil e cpred JUN s (3 AT

gy el Al U] sde i Ledis juall &) gl dul > 98 Cpied Lol

e 4 0 U1 GPH.SRC "source file” cale Js RATS ol (s 32
:GPH 2% 3 sbal) 5 S0 b jude s

:m=0.8 J?j e
SOURCE(NOECHD) GPH.ARC
@OPH(POWER=08) DLOIL f

SOURCEMOECHD) GPH.ERC
@CPH(POWER=05) DLOIL /

GPH & b plasual (¢ Sl S Jalak calall s puzd) 1(7) J gt

olili=Y)
TO.S TO.S
0.274 035
(4.41) (2.32)

s o > e i3 G

23355 o OY GPH jlas) plisszaly #gide alglall 3 1001 5053 OF Lamd
LN WS (%5 4 gme (S ginn s 1.96 M\ GJ}:,U U}J.SL:\ w‘yb\j j\fi
b 5 515 3sm g et Al OT US 5 L2 0.5 50 (o st d s OF L
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Bartlett il sbU o =T aab b1y Jlaal Sooal s i
ciglal) B3l o) oda alsaalyy d d gkl 8 SIAN (e 0@ L (Tuckey «Daniell
'GPH ;o gl A3 e S Ll Sual) ay

& Jox omlol ISiw s gl GPH uis O Newbold and al (1991) o
(ol 10d 4, ) dizy estimated periodogram & ,0al) 4 el Al L s g
d &S S Jolas i Lo e dlgw 4 b Robinson (1995b) - 3!
(AN AL i (3l i glas 61 sllas] 05y

Y Ny b x5 15 7 il H odsed) 204 5230 Robinson (1995b) sen
RSTT OISR FIRRT EER iU REEYE T
B oae > R(H) oS Ol ad) om sloe] oo Yol LY (A §,Le Lisd
s B
R(H)=logG(H)—-(2H - 1)121og A,
Jj=1
aealy el G(H) - )1, G(H)
A 1 & B
G(H)=—> A",
mj:1
Bl 3o T T o M=%(T+1) 3o Tl o m:%T e
oof;.l:.au,:ﬁ.gmrlxl\ Ay Ll
H:argrlr}glR(H)
et Doy 0 ow &S ey WLl o Ay 5 A O=[ALA] &

0<A <A, <1

1- Chikhi (2001), p. 69.
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gq.l.«l\ g2 & H, . ) Gaussian estimator .l A H ol Jl b i
:guﬂ

f) =G A" A el-z,7]

b He[0]] 5 Ge[0,0] -} aaadl &l Cidl Lo o H) 5 G o
om'? s elas O de i)

16 Jls

Robinson 45 b b glall 5 ST 45 3 e (plldl JUl ollaas Jlerzsly
'RATS 42 s dedan BlazaYL

ALLOCATE 453
FREQUENCY 1 455

SOURCE(NOECHC) RGSESRC
COMPUTET = 454

SET X 1T =DLOIL

[@ROSE(FOWER=8 DLOIL 1 T DHAT DSE

1255 st Alam] Olem 3 (s Lall Loty . 15,08l 2 sl Lt o 53

DIZPLAY *DIFFEREMCED d ' # ### DHAT sids #5d DEE
DIFFERENCED 4 : 0290 0.040

COLIPUTE DHAT=0220

COLIPUTE DEE=0.040

COMPUTETETAT= DHAT/DSE

DIZPLAY “TETAT="

TaTAT=T7124

&g B Alax] Bgne d ol OF 455 OF K6 (il sda I3 s
sda OF gn 1oy 196 Faddl il o L ST cisgmn alax] OV %5
Algb 3 S e alllld)
Vo &l gl 5 Gl LY dlas ¥ Lg s ¥ d ) g s O
Gealall 43 G )l 03] 5o LARFIMA 859 el S siall Uasil) Jlox¥1 5 5L
o Al s 05K Laly 858" 5 A 90 MAY AR [lae 3905 Al (3 8 5o
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¢ S& UWag L ((over-estimation) &, ¢l sl alysb 35 A1 LuE (3 Sl
eV Sl o) 05 bitis alaall adsiall G b e o 21 3 b Jlanzal
Ay e

:Maximum Likelihood Procedures colaa) &Jsdall 3 b .3.2.2

B foy ade Joamal) JUAL om a0 o) Rl Asaal) Ws laen WY1 lan
o 68V L) Sowell (1992) Gk r 7 Al bl el 2 giall
IS S ke cles bt ) Spead S e sam g Al (3 A il o ual
L sSme g 37 22l Slyldl— Dyl B shian ) couland) Gl 52

i) dheded Ll ab sl e bl aJeaall @ls Sowell (1992) s
o Se B Vg e dlede Gy, S ST S 0l by 8 s
R R D e D e o B ol
PIECEEUENEU PR YR HREI VIR R LIV IRS)

S.3) = (27) " g exp(—%YT‘zlYTj

D AN EAURMI TR PPN ERY) 5 OIS
aally 255 W3 (2l e
L(Y,,0) = —glog 27 —%10g|2(6?)| - %Y;zl 0)Y,
LS e ol o5 aiany (gl By el 2iad) LI flad 52 0 o
Al Lo gl g N Ll 5 g Sl
glas Jo iyl s on g nhen 3y 0.1 0 Ll e Jsad)
:ggf I éb&\
0 1 0 0

.
O 1.0 =~ logls(0) -~ Y. -5 (O)Y
20, Fr.0)==274 g=(©) ST 5 O

J J

-380-



T PN P B I B U
3 R
—L(Y,.,0)=0
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U 0 0uneall e 2eld) ool alsiald 23 b aal 3l w5
O L dlel s Jog VT(0-0) 5 (LB 88T 2 sy T
i DT(O) Diia il g psdas st kel
1 o 8 5 |
D(O) = E_,Ir [a_ej log f(Y)J(g log f(Y)] dy

J
G ol sl Al il o & Jleazs] Fox and Taqqu (1986) A
iy all oyl O Sldaline sde o BVl Ab guias g dems O jdie  Jan
Lol Lol s kel O (3 558 gro axly Sy Al T
in ) gl 3lanll 25005 Y)
dlas Calid adlnl (b jlesl ) 2 laadl B )l plisin) dale G
W) o gl el gl 5 S 358 o)  ARFIMA(p,d,q) 556
g all ol Al Gla s 2@l ) Lo aledldl 4 )l aul s L1
(i ) Jo Dl T ) s 2,1
.Robinson s GPH R/S <lut5 Jlantwly d (s Sl J,el_{:ﬂ Jolee i
Ak s & (1-1)7Y, dsdlaldlldl cd . Jag 5 =l e 3
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S e @ Y ARMA z35ad 5,0il) Jlll gl o35 1 4
L Ssd
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G b e mmall AIC @lae pian 83 ARFIMA 356 2 .6
2
.Schwarz s Hurvich and Tsai (1989)'
7 e

6971 Jloxiwly 3UN) FAZ ,i 50 3355 L Gngd) alelldl Jo 3k odn 3.k
:ARFIMA(p,d,q) 7358 & gl LW Jgudl oy 3l

sl A saal) 8y i 1(8) J gk

Bl _olall 3 giall 3 b Ao i _palaal) 3 giel) 3 b
Sowell Fox-Taqqu
AlCc ,Lxs SIC ,Lxs AlCc ,lxs SIC Lxs
(3, 0.0859, 3) (2,0.0511, 0) (3, 0.0949, 3) (0, 0.0642, 2)
t;=24718 t;=2.9007 t;=2.5816 t;=2.8576
ML =22334.929 | ML =22329.824 | ML =22334.158 | ML =22328.879

idl 17 SIC 5 AICc jlas 335 Jll ARFIMA £345% elo Jo3) L)
Aelaal) A ghall o e g Aad fig I Ll L s st ALY st
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sk LS Ca 2 Schwarz Jbixe ?
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A oA 1 L,
A 2 & B =——— D &} JAR mdlanap s
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Inputs: xgrid (™2 ® 2) matrsz with x and v data

f= ond  (aoom™2 % 2) matrix with corresponding
function data

it character with title name

lahels

(3= 1) character vector with axes labels

with v-1abel first, z-label second, z-label
last

proc(l = plotgrid(zgrid £ xorid tit, labels);
local znum;

title(tat);

#ahelilabels[1]};

ylahel{lahels[ 2]},

#label{labels[ 3]7;

s = sgri{rows(zend));

f zend = reshape(f zond znum, xnum),

surface (zzgnd 1 anum, 2] merid] Lxnum, 2],f =zgnd),
endp,
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