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R=(1,1,0,---,0),r=1

O0000G =rank(R) =1

o000 F(1,T—k)
goooooobooooooo

good oboooooon

y=a+ a1 Dy + oD+ a3Ds + X5y +u

0D, = 0:0000 100000 000000
ogooo

000000 —m ap=a=a3=0000
B=(x,a1,02,a3,6)) 0000 k

01 0 00 0
R=10 01 0 0 01,
00010 0
0
r=10
0

00000G =rank(R) =3, 80 kx100
000

000 F3,T—k)
0000000000000

@:00000K, 0000L, 00000000
oboooooooo

log(Q:) = B1 + B2 log(Ky) + B3log(Ly) + ue,

000000000000 g+p3=10000
gobooooobooobooooooooboooo
oboooooo

0000 Hy: B2+ fBs =10
0000 Hy: B+ B3 # 10



ogooog

0ooooo
R=(0 1 1), r=1

0000000 (0o 2)0

nO0000 n4+1000000000000040
gboboboboobbooonooboobo
gooboooobooooooobooooon
oood

Y = a+ BXy +vydy + 0de Xy + uy,

good

0
dy = ’
b

ooooooooo n+10000000000
ubobobobobobboboooboba
goooboooobooo

t=1,2,---,n 0000
t=n+1,n+2---, 70000

0000 Hy: y=460 =00
0000 H - ~v#£0000006+#00

ooooa
0 0 1 0 0
R: s r =
0 0 0 1 0
O00o0oo0ooooooooon
2000000000000000000
Yi=a+ BX +7vZ: + ue,

000000000X,0 2000000V, 0
0000000000000000000000
0000000000000000000000
ooo

0000 Hy: 8=~ =00

0000 Hy: B#000000x # 00

googo

(oo 0) =)

1. Defineuvasu=y—X B . The coefficient of determi-

nant, R2, is

Ay~

uu

RP=1- ——
y' My’
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1
where M = I— Tii/7 Iis a T'xT identity matrix and 4

is a T x 1 vector consisting of 1, i.e., = (1,1,---,1)".
Note that
n-—y
Y2 =Y
. = My
yr — Y

M is idempotent.

. Durbin=Watson ratio, DW, is defined as

pw — Liallls — 1) @AT
YOHRRT wu
where u = (uy, Uz, -+, ur)’.
1 -1 0 0
-1 2 -1 e 0
o -1 2 -1 0
A:
0 -1 2 -1

ooogoood

.00 RB=r0000 (y—XB)(y—XB) 0000

O00LO0000000000000
L=(@y—XB)(y—XB)—2N(RB—7)

000000 B, A000 B84, A 0000

OL i any opiyk
55 = ~2X'(y = XB) 2B =0
oL .

dL/oB=0000

B* — (X/X)—lX/y+ (X/X)—lR/)\*
— B+ (X/X)flR/)\*

good

RB* = RB+ R(X'X) 'R'\*



r=RB+R(X'X)"'R\

gboooog

A = (R(X'X)"'R') " (r — RB)

gobooboooobobooooooobo

B* =B+ (X'X)'R' (R(X'X)"'R) " (r — RB)
ooon
() 00000
E(8%)
=E(B)
+ (X'X)'R(R(X'X)'R) " (r — RE(B))
=p
+ (X'X)'R(R(X'X)"'R) "' (r — RB))
=p
ooodn
(b)yoooo
(B =8)
=(B-8)
+(X'X)"'R (R(X'X)"'R)) "' (RB — Rp)
=(B-8)
— (X’X)"'R (R(X'X)"'R') "' (RB — RY)
=(B-8)
~ (X'X)7'R (R(X'X)'R) T R(B - B)
=1 (X'X)"'R (R(X'X)"'R) " R)(B - B)
W(B - B)

gboooboooo

V(5
=E((8* - B)(B" - B))
=E(W(3-B8)(B-B)W)
=WE((B - B)(B - B))W'
=WV( )W’

_ CTQW( /X)flwl
= 52 (1 (X'X)~'R' (R(X'X)LR) ™ R)
(X’ X)
(I (X/ ) lR/ IR/ 1R)/
:02(]_( X)~ 1R’ 1R’ lR)
(X’ X)
(1- R (ROXX)7R) T R(X'X))
— o2 ((X X)-!
_( )71R/ (R(X/X)flR/)*l R(X/X)71>
(1- R (REX'X)'R) T R(X'X) )
=0’ (X' X)™!
—(X’X)"'R' (R(X'X)"'R) " R(X'X)~!
—(X'X)"'R (R(X'X)"'R') "' R(X'X)
+(X'X)'R (R(X'X)"'R)) "' R(X'X)"'R’
(R(X'X)"'R) ™" R(X’X)*l)
((xx)
(X'X)7'R (R(X'X) " R) ™ R(X'X) )
(X'x)™
—2(X'X) 'R (R(X'X)"'R) T R(X'X) !
_ V(E) _ JQ(X/X)_lR/ (R(X/X)—lR/)—l R(XIX)_l
oooo
2. 000

() 00000000
oL

i — 2X'(y — XB*) —2R'\* =0
%:—2(Rﬂ*—r):o
ggd
X'XB* — R\ = X'y
RB* =r
gobooooo

(e ) (5)-(7)
()= 0 ()
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(b) DODOOD 6 FOO (ODOODODODDOOODOODOO

—1
(AB :(EF ooooooooooo)
B D F' G
E,F,GU0DO0OD0O0OOOO 1.0O000o0o
:(A—BD—lB/)— (RﬁfT)’(R(X’X)flR/)il(RBfT)
=A'+A'B(D-B'A'B)"'B'A™! _ _
(y—XB)'(y — XB)
= —(A-BD'B)'BD! T —k
=-A'B(D-BA'B)™! ~ F(G,T —k)
G=(D-BA'B)™! 0000000000000 00000

=D '+D'B(A-BD'B)"'BD™! . PP
(RB—r)(R(X'X)"'R')” (RB-7)

(©) £ F OO — (-8 X)(E-8)
E=(X'X)"!
— (X'X)'R/(R(X'X)"'R)R(X'X) ! ooooo
F=(X'X)"'"R(RX'X)"'R) Bg*=3
oooo +(X'X)'R (R(X'X)"'R) ™" (r — RB)
B =EX'y+Fr 0oooooo
oooo S
B* =B+ (X'X)"'R (R(X'X)"'R) " (r — RP)
(y— XB") (y— XB7)
oooo
d 0oon = (v = X(5" =) - XB)
(d) . v e x( — X(B* —ﬁ X@
— 52 _ YAy
v = () ==X X*,B)A
oooooo + (8 %?XXW B)
9 —(y—XB)X (8"~ p)
B(8) = 0°E SR
- (8" =B)X"(y - XB)
B — (y - XB)(y - XB)
V(8) + (8" = B)X'X (8" - B)
202<(X’X)_1
(Xa=00000000)
4X%W*RQ%WXYU&R@$@*)
oooooo
() RB=r0D000DO0DODO
V(B) — V(B (B =B)X'X(B* - B) - ~
_ 02(X/X)—1R/(R(X/X)—IR/)R(XIX)—I = (y _XB*)/(y _Xﬂ*) - (y _Xﬂ)/<y_ Xﬁ)
sfsisjsisfsislsisls}sls oooo
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vOu* 00000000000 DO0DO0Db0OO000DnDo 1979 127600.9 157071.1 76.0
1980 138585.0 169931.5 81.6
boboobbuobod 1981 147103.4 181349.2 85.4
1982 157994.0 190611.5 87.7
~ 3 1983 166631.6 199587.8 89.5
u=y—X

Yy s 1984 175383.4 209451.9 91.8
1985 185335.1 220655.6 93.9
. . 1986 193069.6 229938.8 94.8
=y —Xp 1987 202072.8 235924.0 95.3
1988 212939.9 247159.7 95.8
1989 227122.2 263940.5 97.7
ooooooooooooooo 1990 243035.7 280133.0 100.0
1991 255531.8 297512.9 102.5

o~ B 1 o~
(BB — ) (R(X'X)""R") " (RB —r) 1992 265701.6 309256.6 104.5
1993 272075.3 317021.6 105.9
_ _ 1994 279538.7 325655.7 106.7

!

(y— XB)(y — XP) 1995 283245.4 331967.5 106.2
T 1996 291458.5 340619.1 106.0
- 1997 298475.2 345522.7 107.3

-~ -~

k
x _ B\ x/ *
(8" = By X'X(5" = B) ooo0oo0oo0ooo0ooooOo (ooo)ooooo

= ACf — 000 (1000)d0000000000000 (1990 O
(y— XB)'(y — XB) =100)
T—k
~ ~, PROGRAM
(y — XB*)/(y — Xﬁ*) — (y — Xﬁ)’(y - Xﬁ) LINE  skokokorokokokokokokoskokokokoskokokokokoskokokokoskokokok ok skokokoskok ko skok sk okok skok ok ok kok ok
1 freq a;

smpl 1955 1997;
read(file=’cons99.txt’) year cons yd price;
rcons=cons/ (price/100);
ryd=yd/(price/100);

d1=0.0;

smpl 1974 1997;

d1=1.0;

9 smpl 1956 1997;

10 diryd=dix*ryd;

11 dcons=rcons-rcons(-1);

12 olsq rcons c ryd;

13 olsq rcons c¢ dl ryd diryd;
14 olsq rcons c ryd rcons(-1);
15 olsq dcoms c;

(u*'u* — W)/G

@a/(T — k)

0 N OO WwN

7T OO0 FODO (DOOODODDODOOO
O0o00Ooooooooon)

00000000 (cons99.txt)

16 end;
1955  5430.1 6135.0 18.1 EXECUTION
1956 5974.2 6828.4 18.3 sk sk ok sk ok sk ok ok sk ok sk ok sk ok sk ok ok sk ok sk ook sk ok sk sk sk sk ok sk sk ok sk ok sk sk sk ok ok ok sk ok ok ok ok
1957 6686.3 7619.5 19.0
19568 7169.7 8153.3 19.1
1959  8019.3 9274.3 19.7 Equation 1
1960 9234.9 10776.5 20.5 ====
1961 10836.2 12869.4 21.8
1962 12430.8 14701.4 23.2 Method of estimation = Ordinary Least Squares
1963 14506.6 17042.7 24.9
1964 16674.9 19709.9 26.0
1965 18820.5 22337.4 27.8 Dependent variable: RCONS
1966 21680.6 25514.5 29.0 Current sample: 1956 to 1997
1967 24914.0 29012.6 30.1 Number of observations: 42
1968 28452.7 34233.6 31.6
1969 32705.2 39486.3 32.9 Mean of dependent variable = 149038.
1970 37784.1 45913.2 35.2 Std. dev. of dependent var. = 78147.9
1971 42571.6 51944.3 37.5 Sum of squared residuals = .127951E+10
1972 49124.1 60245.4 39.7 Variance of residuals = .319878E+08
1973 59366.1 74924.8 44.1 Std. error of regression = 5655.77
1974 71782.1 93833.2 53.3 R-squared = .994890
19756 83591.1 108712.8 59.4 Adjusted R-squared = .994762
1976 94443.7 123540.9 65.2 Durbin-Watson statistic = .116873
1977 105397.8 135318.4 70.1 F-statistic (zero slopes) = 7787.70
1978 115960.3 147244.2 73.5 Schwarz Bayes. Info. Crit. = 17.4101
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Log of likelihood function = -421.469 RCONS(-1) .831071 .064959 12.7938

Estimated Standard

Variable Coefficient Error t-statistic Equation 4
C -3317.80 1934.49 -1.71508 ============
RYD .854577 .968382E-02  88.2480

Method of estimation = Ordinary Least Squares

Equation 2
============ Dependent variable: DCONS
Current sample: 1956 to 1997
Method of estimation = Ordinary Least Squares Number of observations: 42

Mean of dependent variable = 5908.77

Dependent variable: RCONS Std. dev. of dependent var. = 2734.81
Current sample: 1956 to 1997 Sum of squared residuals = .306647E+09
Number of observations: 42 Variance of residuals = .747919E+07
Std. error of regression = 2734.81
Mean of dependent variable = 149038. R-squared = .136129E-49
Std. dev. of dependent var. = 78147.9 Adjusted R-squared = 0.
Sum of squared residuals = .244501E+09 Durbin-Watson statistic = 1.30871
Variance of residuals = .643423E+07 Schwarz Bayes. Info. Crit. = 15.8925
Std. error of regression = 2536.58 Log of likelihood function = -391.470
R-squared = .999024
Adjusted R-squared = .998946 Estimated Standard
Durbin-Watson statistic = .420979 Variable Coefficient Error t-statistic
F-statistic (zero slopes) = 12959.1 C 5908.77 421.991 14.0021
Schwarz Bayes. Info. Crit. = 15.9330
Log of likelihood function = -386.714 ok ok ok ok ok ok ook ook o K oK o oK o oK ok oK ok oK ook ok K ok o oK o sk ok K ok ok o ok ok K ok oK o ok ok Kok oK ok K oK

Estimated Standard

Variable Coefficient Error t-statistic 1. Equation 1 vs. Equation 2

c 4204.11 1440.45 2.91861

D1 -39915.3 3154.24 -12.6545 0o0oooo0DbD (197400000000000000
RYD .786609 .015024 52.3561

D1RYD .194495 .018731 10.3839 ooboobooo)o

Equation 2 [I

Equation 3

RCONS = f; + (2D1 + B3RYD + (4RYD x D1

Method of estimation = Ordinary Least Squares

Hy: Ba=p4=0
Dependent variable: RCONS
Current sample: 1956 to 1997 0000 OLS = Equation 1

Number of observations: 42

OO0O0 OLS = Equation 2
Mean of dependent variable = 149038.

Std. dev. of dependent var. = 78147.9

Sum of squared residuals = .246205E+09 (u*/u* —»ﬁhﬁ)/(;
Variance of residuals = .631296E+07 TS T
Std. error of regression = 2512.56 u u/(]h k)
R-squared = .999017 _ (.127951E 4 10 — .244501E + 09)/2
Adjusted R-squared = .998966 - 244501E‘+'09/(42 474)
Durbin-Watson statistic = 1.25472 '
Durbin’s h = 2.62625 =80.43
Durbin’s h alternative = 2.44578
F-statistic (zero slopes) = 19812.0 “Jl?(2738)

Schwarz Bayes. Info. Crit. = 15.8510

Log of likelihood function = -386.860
F(2,38) 000 1% 0 =5.211<8043 0000

Estimated Standard
Variable Coefficient Error t-statistic H() : 52 = 54 =0000
C 3281.37 1002.31 3.27383
RYD .150357 .055212 2.72328 = 1974 0000000000000000
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2. Equation 1 vs. Equation 3

gboooobgn

Equation 3 [
RCONS = f3; + (B2RYD + ($3RCONS(—1)

H() : ﬁg =0
0000 OLS = Equation 1
0000 OLS = Equation 3
(u*'u* —u'u)/G
wu/(T — k)
(.127951E + 10 — .246205E + 09)/1

\246205E + 09/(42 — 3)
= 163.68

~ F(1,39)

F(1,39) 000 1% 0 =7.333<163.68 0000
HQZ BgZODDD

= RCONS(-1) O RCONS OO DODOOODOODOOODO
god

v/163.68 = 12.7938 0O OOO0O O RCONS(-1) O
t-statistic OO OO0

. Equation 3 vs. Equation 4
oooobooog

Equation 3 0
RCONS = (31 + B2RYD + (B3RCONS(—1)

H()S ﬁQ:Oanng,:l
0000 OLS = Equation 4
0000 OLS = Equation 3
(v'u* —u'u)/G
wu/(T — k)
(.306647E + 09 — .246205E + 09)/2
.246205E + 09/(42 — 3)

— 4.910
~ F(2,39)

F(2,39) 000 1% 0 =5.194>4.910 0000
Hy: Ba=0and f3=1
0o00oooooo
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8§ 0000D0OOOO (GLS)
1. Regression model: y = X3+ u, u ~ (0,02Q)

2. 0000 (Heteroscedasticity)

o2 0 - 0
0 o3 :
o0 = 72
' 0
0 0 o2

0000000 (First-Order Autocorrelation)

Ut = pUL—1 + €, € ~ iid N(0,0’g)

1 p p2 prl
, P 1 p pt 2
020 = ¢ _ p? p 1 pT—3
I—p )
pT=1 T2 ,T=3 1
2
1%
V(u) = 0% = —¢
1—p?

.pO0GLSODODO yOO0D0OO000O0O0O0OO0O0OOOO

mgn (y—Xp)YQ~ 'y —XpB)

GLSE of Bis b .

b= (X'Q7'X)7I1X'Q Yy

.gooooqQoOOo0oO0oooooQoOoOoOoooon

goooo
Q=AAA
ADDOOOOOOODOOOOOODOOO0ADOOOO

obooooooboooogn

QOD0000DOO0OODOO0AOOOOOODDOO
0000 (@o0o0U0ooo0oOooooooUO =0
O00002Qx>000000 QO0O0)

. There exists P shuch that Q = PP’

(take P = A'/2A).
Multiply P! on both sides of y = X3 + u.



We have:

Y= X6+,
where
y* =Py,

X* =P X, and
u* = P lu.

Note that

V)

= V(P lu)

=P WV(u)P'™!
=o?PlQP " =1,
because ) = PP'.

Accordingly, the regression model is rewritten as:

Yyt =X*B+u*, u*N(O,UQI)

Apply OLS to the above model. That is,

mgn (y* = X*B)'(y* — X*B)

is equivalent to:

mﬁin (y—XB)Q ' (y— Xp)

b= (X*IX*)—IX*/y*
—_ (X/Q—lX)—lX/Q—ly

b= 5_’_ (X*/X*)le*/u*
_ ﬁ‘i‘ (X*/X*)—lX/Q—lu

B(b) =5

V(b) = (X X*)!
— O_Q(Xlgle)fl
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6. 000000

y=XB+u, u ~ N(0,02Q),

Jooooooboooooooo
B:(X/X)—lX/y
=B+ (X'X)"'X'u

V(B) = o2(X'X) ' X'QX (X' X) !
GLSO OLSOOO0
() 0000000
E(B) =8
E(b) =8
000030 00000000
(by 00ODODODO
V(B) = o2(X'X) ' X'QX(X'X) 7!
V() =*(X'Q71X)!
000000000000000
V(B) = V(b)
=X’ X)) X'Ox(xX'Xx)!
—(X'Q X))t
- 02((X'X)*1X’ - (X’Q*X)*lx'frl)
x
X ((X’X)—lx’ - (X’Q‘lX)_lX’Q_l)/
=02 AQA

Q0«.00000000000O0O0OOOoOoOo

O000Q=I000000 AQA' 00000
O0O00s0 BOOOOO

7. If u ~ N(0,0%Q), then b~ N(3,0%(X'Q71X)71) .

Consider testing the hypothesis Hy : RS = r .
R:G x k,rank(R) =G <k .
RB ~ N(RB,0?R(X'Q1X)"'R) .

Therefore,

(R/B B T)/(R(X/Q_ ‘;()_ R/) (R/B B T) ~ XQ(G)

g



8.

9.

8.1

oo
=

oo

g

(y — Xb)Q" ' (y — Xb)

: ~X*(T - k)

o
We have:

(RB—r) (R(X'Q'X)'R)) " (RB 1)
G
(y — Xb)'Q~ (y — Xb)
Tk

~ F(G,T — k)

bO0ODOOOOOOOODODOOOy OODODOD
gboboboobobouooboboboooan
OO0 eder 0000

e =y — Xb, e =y— Xb"

obooOFO0D0OO0OO0OO0O0OO0OOOOODOOO0DOO

god

(e*’'Q le* —e'Q71e) /G
eQle/(T — k)

~ F(G,T —k)

OO0 0000 (Theil and Goldberger
Model)

gboooobooooooboo

ooooooo
r=RB+v, v~ (0,0)
y=XB+u, u~(0,9Q)

-0
()0 (2 2)

ggoooobooog
(e () ()
(e m(e) ()

=(X'Q'X+RUTR) TN X'Q Yy + RU )
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Vm_@ w(° g>1<§>)1

=(X'Q'X+RU R

9 000 (MLE)
000 = Maximum Likelihood Estimation (MLE)

1. The distribution function of {z;}~ ; is f(z;6), where

x = (x1,---,z7) and 6 = (u,X) . Likelihood func-
tion L(-) is defined as L(0;z) = f(x;0) . Maximum
likelihood estimate (MLE) of 6 is # such that:

max L(6;z).
0

MLE satisfies the following:

dlog L(0;x)
(a) — 0 - 0.
0?log L(0; )
(b) 0600’

is a negative definite matrix.

. Fisher’s information matrix is defined as:

92 log L(H;x))

1) = _E( 0000'

Note as follows:

(it

E(a logaLg(G; x) 0 1ogalégt9; x) )
ol 0,

oo

aoo
/L(&;x)dx =1

000000

/ OLO:2)

00

(x0000 0000 ODO0OOOOO 9L/ 00O
O0oooooooo)



gbooogooaoo

Olog L(0;x) B

ooogo

dlog L(0;x)\
p(2E0%) o

OoooeODOOOO

/ 02 log L(6; x)L(Q' 2)dz

0600’
0log L(6; x) OL(6; x)
- / a0 oo "
[ O*logL(O;x) .,
dlog L(0;x) Olog L(0;x)
+ / 20 50" L(0; z)dx
goon
B 02 log L(0; x)
0600’
_E dlog L(6; x) Olog L(6; x)
B 0 o0’
B 0log L(6;x)
(%)

ooog

3. Cramer-Rao 00O I(0):

00600000 s(z) 0000

B(s(z)) = / s(2)L(0: 2)dz

poOoooono
OE(s(z)) OL(6; x)
a0 —/s(x) 50 dz

= Cov (s(m), Olog L{B; z) 59(0; ‘”))

O00000O0O0s(x) 00000000000 0ODOOO

e
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~ (con (s, Dt

ACONMES S0y

<V (st v (FELE)

0log L(6; x)

gbooooood
00

O00O0p0O s(z) O
obooooon0o-1<p<1

- Cou (S(x% 610g§9(0;x))

- \/W\/V (alogaLa(G;x)>

good

(mﬁgﬂQQSV@@»v(a@§§“@)

goooo
(=)

V@@D>V<m%wWW»

06
E(s(z))=60000

1

B 02 log L(6; x)
062

V(s(z)) = = (1(0))~"

s(zxyJOODOOODOOOOODOOOOOOOOO

V(s(x)) = (1(0))~"

.gbooboobooobgan

TOOoooooooooao
~ T -1
VT —6) — N(O, lim (@> )
T—o0 T

gooood
ooooorooooooo

6~ N (0,(10)7")



gbooogogn

d@z&DDDDDDDDDTUDDDDDDV((»
0 (1(8)) "

googd
.oboobo
dlog L(0;x) 0
06 B
_ Olog L(0*; x)
B 06
02 log L(6*; x) .
opog %)
0o+ _ 92 log L(0*; x) ! 0log L(6*; x)
B 0600 06

Replace the variables as follows:

§ —s gUFD

0 — 0

Then, we have:

0(7§+1 0
9?log L(0W; ) - dlog L(6W; )
06006’ 00

= 00000o0oood

god

0?log L(0W); ) 82 log L(0; z)
om0 ¢ (aaaa)

goboobooooao

i1 — p(9)

(& 9% log L(6); z) - dlog L(OW; )
0000’ 00
, A\ ~1 dlog L(0W): 2)
— ) _ (i) 8 5T
=00 = (1) =5

= 0oono
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9.1 0000OO0ODOODOOO 200000
googood

Yt = o+ Bre + ug,
googno

1.w O0DODDODOOOOO0OO0O00000 u ~ N(0,02)
oood

2.4, 000000

1 1,
27-(-0—2 exp |\ — 202 Uy

flu) =

0000u,ue, ,ur 000000000000
000000000000000000000000
ooooo

f(Ul,UQ,"',’lLT)

= f(u1)f(u2)- - f(ur)
1 1 <
O (2m02)T/2 eXP 202 ;ut
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3.

Likelihood Ratio 0 0: LR = —2logA — x2(G)

A= ——=

For proof, see Theil (1971, p.396).

All of W, LM and LR are asymptotically distributed
as x?(G) random variables under the null hypothesis
Hy: h(6)=0.

Under some comditions, we have W > LR > LM.
See Engle (1981) “Wald, Likelihood and Lagrange
Multiplier Tests in Econometrics,” Chap. 13 in
Handbook of Econometrics, Vol.2, Grilliches and In-
triligator eds, North-Holland.

13.2 000000000

oo

1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991

000000 (cons99.txt)
5430.1 6135.0 18.1
5974.2 6828.4 18.3
6686.3 7619.5 19.0
7169.7 8153.3 19.1
8019.3  9274.3 19.7
9234.9 10776.5 20.5

10836.2 12869.4 21.8
12430.8 14701.4 23.2
14506.6 17042.7 24.9
16674.9 19709.9 26.0
18820.5 22337.4 27.8
21680.6 25514.5 29.0
24914.0 29012.6 30.1
28452.7 34233.6 31.6
32705.2 39486.3 32.9
37784.1 45913.2 35.2
42571.6 51944.3 37.5
49124.1 60245.4 39.7
59366.1 74924.8 44.1
71782.1 93833.2 53.3
83591.1 108712.8 59.4
94443.7 123540.9 65.2

105397.8 135318.4 70.1

115960.3 147244.2 73.5

127600.9 157071.1 76.0

138585.0 169931.5 81.6

147103.4 181349.2 85.4

157994.0 190611.5 87.7

166631.6 199587.8 89.5

175383.4 209451.9 91.8

185335.1 220655.6 93.9

193069.6 229938.8 94.8

202072.8 235924.0 95.3

212939.9 247159.7 95.8

227122.2 263940.5 97.7

243035.7 280133.0 100.0

255531.8 297512.9 102.5

1992 265701.6 309256.6
1993 272075.3 317021.6
1994 279538.7 325655.7 106.
1995 283245.4 331967.5
1996 291458.5 340619.1
1997 298475.2 345522.7 107.
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PROGRAM

LINE  skokokokokokokokskokoskokokok ko ok ook ook ok sk ook ok ok ok ok ook ook ok ok ok ook ook ok ok ok ok
1 freq a;
2 smpl 1955 1997;
3 read(file=’cons99.txt’) year cons yd price;
4 rcons=cons/(price/100);
5 ryd=yd/(price/100);
6 lyd=log(ryd);
7 olsq rcons c ryd;
8 arl rcoms c ryd;
olsq rcomns ¢ lyd;
10 param al 0 a2 0 a3 1;
11 frml eq rcons=al+a2*((ryd**a3)-1.)/a3;
12 1sq(t0l=0.00001,maxit=100) eq;
13 a3=1.15;
14 rryd=((ryd**a3)-1.)/a3;

15 arl rcoms c rryd;

16 end;

EXECUTION

ok ok ook ok ok ok ok o ok ok oK ok ok ook o ok ok ok ok o ok ok K ok ok ook sk ok ok ok o sk ok ok ok ook ok ok ok o

Equation 1

Method of estimation = Ordinary Least Squares

Dependent variable: RCONS
Current sample: 1955 to 1997
Number of observations: 43

Mean of dependent variable = 146270.
Std. dev. of dependent var. = 79317.2
Sum of squared residuals = .129697E+10
Variance of residuals = .316335E+08
Std. error of regression = 5624.36
R-squared = .995092
Adjusted R-squared = .994972
Durbin-Watson statistic = .115101
F-statistic (zero slopes) = 8311.90
Schwarz Bayes. Info. Crit. = 17.3970
Log of likelihood function = -431.289

Estimated Standard
Variable Coefficient Error t-statistic
C -2919.54 1847.55 -1.58022
RYD .852879 .935486E-02 91.1696

Equation 2

FIRST-ORDER SERIAL CORRELATION OF THE ERROR

MAXIMUM LIKELIHOOD ITERATIVE TECHNIQUE

0 (1990 O



CONVERGENCE ACHIEVED AFTER

Dependent variable: RCONS
Current sample: 1955 to 1997
Number of observations: 43

7 ITERATIONS

(Statistics based on transformed data)

Mean of dependent variable =
Std. dev. of dependent var. =
Sum of squared residuals =
Variance of residuals =

Std. error of regression =
R-squared =

Adjusted R-squared =
Durbin-Watson statistic =

Rho (autocorrelation coef.) =
Standard error of rho =
t-statistic for rho =
F-statistic (zero slopes) =
Log of likelihood function =
(Statistics based on original
Mean of dependent variable =
Std. dev. of dependent var. =
Sum of squared residuals =
Variance of residuals =

Std. error of regression =
R-squared =

Adjusted R-squared =
Durbin-Watson statistic =

13685.2
5495.11
.145807E+09
.355627E+07
1885.81
.885040
.882236
1.38750
.945024
.040839
23.1405
315.621
-385.419
data)
146270.
79317.2
.145826E+09
.355672E+07
1885.93
.999480
.999467
1.38714

Estimated Standard

Variable Coefficient Error
C 1672.37 5919.24
RYD .840011 .025263

Equation 3

Method of estimation = Ordinary Least Squares

Dependent variable: RCONS
Current sample: 1955 to 1997
Number of observations: 43

Mean of dependent variable =
Std. dev. of dependent var.
Sum of squared residuals =
Variance of residuals =

Std. error of regression =
R-squared =

Adjusted R-squared =
Durbin-Watson statistic =
F-statistic (zero slopes) =
Schwarz Bayes. Info. Crit. =
Log of likelihood function =

146270.

= 79317.2

.256040E+11
.624487E+09
24989.7
.903100
.900737
.029725
382.117
20.3798
-495.418

Estimated Standard

Variable Coefficient Error
[ -.115228E+07 66538.5 -17.3175
LYD 109305. 5591.69

NONLINEAR LEAST SQUARES

EQUATIONS: EQ

CONVERGENCE ACHIEVED AFTER 72 ITERATIONS

Log of Likelihood Function
Number of Observations

-414.362

t-statistic
.282531
33.2501

t-statistic

19.5478

Standard
Parameter Estimate Error t-statistic
Al 16544 .5 2615.60 6.32530
A2 .063304 .024133 2.62307
A3 1.21694 .031705 38.3839

Standard Errors computed from quadratic form of
analytic first derivatives (Gauss)

Dependent variable: RCONS

Mean of dependent variable = 146270.

Std. dev. of dependent var. = 79317.2
Sum of squared residuals = .590213E+09
Variance of residuals = .147553E+08

Std. error of regression = 3841.27

R-squared = .997766

Adjusted R-squared = .997655

Durbin-Watson statistic = .253234

Equation 4

FIRST-ORDER SERIAL CORRELATION OF THE ERROR

MAXIMUM LIKELIHOOD ITERATIVE TECHNIQUE

CONVERGENCE ACHIEVED AFTER

Dependent variable: RCONS
Current sample: 1955 to 1997
Number of observations: 43

5 ITERATIONS

(Statistics based on transformed data)

Mean of dependent variable = 23312.9
Std. dev. of dependent var. = 10432.7
Sum of squared residuals = .137718E+09
Variance of residuals = .335899E+07
Std. error of regression = 1832.75
R-squared = .970084
Adjusted R-squared = .969354
Durbin-Watson statistic = 1.44365
Rho (autocorrelation coef.) = .876923
Standard error of rho = .066300
t-statistic for rho = 13.2266
F-statistic (zero slopes) = 1319.94
Log of likelihood function = -383.807
(Statistics based on original data)
Mean of dependent variable = 146270.
Std. dev. of dependent var. = 79317.2
Sum of squared residuals = .140391E+09
Variance of residuals = .342417E+07
Std. error of regression = 1850.45
R-squared = .999470
Adjusted R-squared = .999457
Durbin-Watson statistic = 1.43657

Estimated Standard



Variable Coefficient Error t-statistic
C 12034.8 3315.11 3.63029
RRYD .140723 .275670E-02 51.0476
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1. Equation 1 vs. Equation 2
ooooDbooo

Equation 2 [0

RCONS; = 81 + BoRYD; + us,
g = pus_1 + €, € ~ iid N(0,02)

H()Z p:O
0000 MLE = Equation 1

0000 MLE = Equation 2
oooooo

log L(B, 02, p)

T T 1
=~ log(2r) — 5 log(0?) + 5 log(1 — p?)

T
1
—>—5 > _(RCONS; — 3, CONST; — 3,RYD;)

oooooooon

. J /1= pRecons, t=10000
RCONS] =
RCONS, — pRCONS;_;, t=2,3,---,T
. V1i-p2, t=10000
CONST; =
1—p, t=23,..., 70000
. [V1=p%RyD,, t=10000
RYD] =
RYDt_pRYDt,I7 t:273’7T|:||:||:|[|
0ooQ

e p=000000 MLE (Equation 1)

maxlog L(B, 02,0)

000000000 = 3, 52
Log of likelihood function = -431.289

e p=000000 MLE (Equation 2)

max log L(8, 02, p)
B,02,p

000000000 = 3,62, p
Log of likelihood function = -385.419

oooobooooon

—2log(\)
— olog (L(@ az,o>>
L(B.52,7)
=2 (log L(5,52,0) — log L(3, 5%, 7))

- 72<7431.289 — (—385.419)
—91.74

N—

000000000000000
—2log(A) ~ x*(G)

ooooGoOooOooooon

00000G=10000-2log(\) ~x3(1)0000
chi?(1) 000 1% 00 66350000

91.74 > 6.635

Ob00O0Op=0000000000
obooooOoboooobooboooooboobooon

. Equation 1 vs. NONLINEAR LEAST SQUARES

O000oooO (booooo)o

NONLINEAR LEAST SQUARES [0 [

RYD? — 1
RCONS; = al + a2——— +u;
a3
oooood
e3=10000

RCDNSt = (al - a2) + CI,QRYDt + Uy

UO0O0O0OEquation 1 O000000OO0OO
Hy: a3=10000(G=1)



e ¢3=100000 MLE (Equation 1)
Log of likelihood function = -431.289

ea3 = 100000 MLE (NONLINEAR LEAST
SQUARES)

Log of likelihood function = -414.362

oobooboooooo

—2log(\)
=2 (—431.289 - (—414.362))
= 33.854

0000 -2log(\) ~x%3(1)0000chi?(1) 000 1
%00 6630000

33.854 > 6.635

O000«3=1000000000
goooboooobooboooon

. Equation 3 vs. NONLINEAR LEAST SQUARES
000000 (Dooooooo)o
NONLINEAR LEAST SQUARES U

RYDYS — 1

RCONS; = al + a2
a3

+ uy
O0d00e3=00000
RCONS; = al + a2log(RYD;) + uy

O0O0O0OEquation 30000000000
Hy: a3=00000(G=1)
e ¢3=000000 MLE (Equation 3)
Log of likelihood function = -495.418

e¢3 = 000000 MLE (NONLINEAR LEAST
SQUARES)

Log of likelihood function = -414.362
oobooboooao
—2log(\)

- —2(—495.418 - (—414.362))
— 162.112

37

0000-2log(A) ~x3(1) 0000chi2(1) D00 1
% 00 6.635 0000

162.112 > 6.635

U000e«3=0000000000
obooooOobooooobooooooon

. Equation 1 vs. Equation 4

00000000 (0o)oooooo

Equation 4 U

RYDZ? — 1
RCONS; = al + a2— —— + us,
a

up = pug_1 + €, € ~ iid N(0,07)

Hy: a3=1, p=0

0000 MLE = Equation 1
0000 MLE = Equation 4
0)

PROGRAM O 13015000000«3 000 0.0100
oooooboooooogibe3=115000000
gbooobooboobon

gooobooobgon

—2log(A)
- —2(—431.289 - (—383.807))
— 94.964

0000-2log(A) ~x3(2) 0000chi2(2) 000 1
% 00 9210 0000

94.964 > 9.210

Ub000ae3=100 p=00000000O0OO
uboogoooooobobboobooboboan



14 00000 0000000000000 00NONNON0ON0D0N0NO

00000 (00000o0o0)0Do0oooUooooooo
ogooog

1. Yt :LL'tB—‘r’U,t, Ut NN(O,U?)
yr = a+ Py +u
t t t o2 0 0
00000000z, 000000y 000000w 00 0 o2
0000000000000000 (000000000 0’0 = ?
00)000MO0000000000000000 u, Z
us, -, ur 000000000000000 ¢20000 0 0 o7
oooooo , B
00000000000000000000000000 or 0 0
(0000%z)0000000000000w 0000000 0 o2
000 ¢2,200000000000000000000 : 0
00000000y =a+Bx+uw 0000000000 0 0 o2
0000000000000 000000 1 o\ /L 0
1 01 01
Yoty 1 1
Zt Zt Zt Zt O ; ;
1 T = 2 2
—a—+ 8= +uf
. 9 !
00000000000 »f 00000000 02000 0 - 0 0 L
000 (0O000D000000)0 ,
2. Yt :xt6+ut7 Ut NN(O7Ut)a
Ut 1
Ew)=E(—)=(=)Ew) =0
(u?) <2t> <2t> (u) o} = (z0)?
1\* T
V(u;)=V (ut> = (> V(u;) = o2 L= -3 log(27) — log(zta)
Zt Zt
T 2
w 000 V() =022200000000000 _é§:(%_xm>
1 — e
nooo?%. - Y ppoooooooooooooon t=1 '
A
0000000000 3. y=zB+u,  u~N(0,07),

2 _ 2 p
000000000000 o; = 0" (2:p)

0 =y + & 4. Ye = ¢ + uy, uy ~ N(0,07),
000000000 40000000000 (000 ¢ 02 = exp(z)
00)0
5. ARCH (autoregressive conditional heteroscedastic-
4, 00000000000000000000w, 000 ity) DO D
0000000 2200000000 200000 v =oBtun e~ N(0,02)
Yt i Uy
Ty _axt +5 Tt af:a0+a1ut2_1
1 *
=a—+ 8+ 0000w >0,a1 >0

38
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DW OOOO0O 0000000000000000 uy,
us, -, ur 00000000000000O0000O0O00
000000000000 (DW)000000000ooo
00000w 0w, 0000000000000000
ooooooo

— 0000000000000

ui, us, -, ur 000000000000 O00000+ +
4+----++4+---++0000000000000000
000000000000000000000u, us, -+
wy 000000000000000004-+-4+-+-+
000000000000000000000w, u, -+
wr 0000000000000

000 ui, ug, -+ u 00 wey 0000000000=
Oui,ug, -, ur 0000000000000000CCO0O
0ooQ

0000000000000 000000000

)

Ye = a + Bry + ug,
Uy = pUt—1 + €,
O0000OHy: p=0,H,: p£A0000000000O

OO0€, 6, e 0000000000
0000000000000 000000000

T [/~ ~
DW = Zt:Q(U; —Au;fl)2
D=1 U

Dw ooobooooobooooooo

T ~ o~
DWW — Do (U — utfl)2

YOHRRT
_ ZtT:2 a7 —2 Zthz Uptly—1 + 23:2 a7,
POHRET
23 T - (@4 TF) D, Wl
POHRET: POHRET
~2(1-7),

ugboz200000000000

A /\2

uy +u

1 T
0,

— R
Zt:lu%

Zthz Urlly—1 _

T ~
Zt:l ut2

Zthz Uil 1

- T o~ ~9
Zt:2 uy_q +up
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o s0 0oooao

Jo0ooooDOoooOoooOooOo dgood
Y;g:Oé—‘rﬁXt—FUt,
Ut = put—1 + €,

gb000o0obo0o00o0o0o00De, e, -
gpoooo
v, 0000000

Ler 10000

(Ve = pYi—1) = a(l = p) + B(Xy — pXi—1) + €,

oooo

Yy = (Y — Y1),
Xy = (X¢ — pXi1)
ooooooooo

Y =ad + BX, + e,

gboboooboboogbD0O0e, e, -, ep 00000000
0000000000000 oo0oUooOooooo
a(l—p)00000O0OOOOODOOO
gbooooogoboo

Yy = b1 Xue + BoXop + - - 4 Be Xt + ue,

Uy = PpUt—1 + €,

gb00O0o0oboOo00oo0o0OdDe, e, -
gpoooo

Ler 100000
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0 1. 0000000000000 5% 0000000

1)K =1

T

A

good

dl

B
ooogd

dl

du

oo oo
du 4 —du

oo 0Od

4 —dud—dl

15
20
25
30

o O O Oolo

1.08
1.20
1.29
1.35

1.08 1.36
1.20 1.41
1.29 1.45
1.351.49

1.36
1.41
1.45
1.49

2.64
2.59
2.55
2.51

2.64
2.59
2.55
2.51

2.92
2.80
2.71
2.65

B
oood

oo

C
oo

D

oo 0oOd

dl

du

du 4 —du

4 —dud—dl

15
20
25
30

0.95 1.54
1.10 1.54
1.21 1.55
1.28 1.57

1.54 2.46
1.54 2.46
1.55 2.45
1.57 2.43

2.46
2.46
2.45
2.43

3.05
2.90
2.79
2.72

B
oood
dl  du

oo

oo

du 4 —du

oo 0oOd

4—dud—dl

15
20
25
30

0.821.75
1.00 1.68
1.12 1.66
1.21 1.65

1.75
1.68
1.66
1.65

2.25
2.32
2.34
2.35

2.25
2.32
2.34
2.35

2.25
2.32
2.34
2.35

3.18
3.00
2.88
2.79

B
good

ag

C
oo

oo oOd

dl

du

du 4 —du

4—dud—dl

15
20
25
30

0.69 1.97
0.90 1.83
1.04 1.77
1.141.74

1.97 2.03
1.83 2.17
1.77 2.23
1.74 2.26

2.03
2.17
2.23
2.26

3.31
3.10
2.96
2.86

(5) K =5

T

A

good

dl

B
good

dl

du

C
o0 oo
du 4 —du

oo 0oOd

4—dud—dl

15
20
25
30

O O O oOlo

0.56
0.79
0.95
1.07

0.56 2.21
0.79 1.99
0.95 1.89
1.07 1.83

1.99 2.01
1.89 2.11
1.83 2.17

2.21
2.01
2.11
2.17

3.44
3.21
3.05
2.93

A:0000O0O0OO00
B:0000000OO0O0DOOO
c:oooooo
D:0000000000D0D
E:000000D0O0
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ARMA 00O 0O: Autoregressive Moving Average Model
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age Model

1. ARIMA( p,d,q)
H(L)A%Y, = O(L)e,
0000

Ay = A1 - L)y,
= A"y — ATy
:(I_L)dytv d:1,2,

Aoyt = U

2. ARMA( p,q) +drift: y, = p+ d1ye—1 + doye—2 +

o Qpyr—p t et 1+ 0260+ o +0g€g
oo

d(L)yr = p+ 0(L)e
0000 ¢(L) = 1 — 1L — ¢oL? — — ¢, L0

O(L)y=1+60L+0L%+ --- +0,L90000
ye = ¢(L) 'u+ ¢(L)1O(L)e;

ooogd

E(yr) = ¢(L) '+ ¢(L) ' 0(L)E(e;)
=¢(1) "
i

T 11— -

_(bp

54

18.6 SARIMA O00O0O
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000000 (Cooo1ess000)

IDENT RC
Date: 4-30-1995 / Time:

SMPL range: 1955.1 - 1994.1

Number of observations: 157

ARIMA OO0O0OOOO

17:03

Autocorrelations Partial Autocorrelations ac pac

| | sk sk sk sk ok sk sk sk ok sk ok Kok | | *kskokokkkkkkkkk| 1 0.970 0.970
| | kokokkkkkkkkokk | | *. | 2 0.947 0.096
| | skskokokokkkkokkk | | *x | 3 0.934 0.168
| | HkrkokdkkRkkx | | #kx | 4 0.932 0.244
| | kkskokokkkkokkkk | s,okskokkk |, | 5 0.902 -0.427
| | kokkkkkkkkkk | | *. | 6 0.879 0.094
| | skskokokkkkkkk | [ *. | 7 0.864 0.085
| | kokokkkkkkkkk | | *. | 8 0.861 0.073
| | kkkokokkkkokkk | ook | | 9 0.830 -0.280
| | skook sk sk sk ok ok ok ok ok | | *. | 10 0.805 0.084
| | skookskok sk sk ok ok ok | | *. | 11 0.790 0.062
| | skook ok sk sk ok ok ok ok ok | | | 12 0.786 0.022
| | skook sk sk sk ok ok ok ok ok | *kx| | 13 0.755 -0.181
| | sk ko kK | | *. | 14 0.730 0.072
| | ok ok ok kK kR | | | 15 0.714 0.026
| | skookok ok sk ok kK ok | | | 16 0.708 -0.018
| | skook ok sk ok ok ok ok ok | *k | | 17 0.677 -0.127
| | sk ko kK Kk | | *. | 18 0.652 0.068
| | skookokok sk kK ok | | | 19 0.636 0.038
| | skookok ok ok kK ok | | | 20 0.631 -0.019
Box-Pierce Q-Stat 2046.36 0.0000 SE of Correlations 0.080
Ljung-Box Q-Stat 2201.64 0.0000

DC=RC-RC (-1)
IDENT DC
Date: 4-30-1995 / Time:

SMPL range: 1955.2 - 1994.1

17:03
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Number of observations: 156

Autocorrelations Partial Autocorrelations ac pac
| *kokokk | | *okokkk | | 1 -0.367 -0.367
| *xk | | *xkk kK | | 2 -0.250 -0.444
| sokskokk | | skokskokokskok sk skokkok | | 3 -0.351 -0.931
| | skskokskkokskokkkokk | | skesk ook sk sk ok | 4 0.957 0.543
| *okokok ok | | [*. | 5 -0.358 0.079
| *okok | | | *. | 6 -0.239 0.097
| *okokok | | *k | | 7 -0.346 -0.118
| | skskokskkokskokkkokk | | % | 8 0.934 0.134
| sokokok ok | | | | 9 -0.352 0.027
| *okok | | | | 10 -0.229 0.035
| okokok | | | | 11 -0.336 0.024
| | stk kokkokkkokk | x| | 12 0.904 -0.053
| Horokk | I | | 13 -0.344 -0.019
| okok | | | . | 14 -0.219 -0.025
| okokok | | | % | 156 -0.320 0.120
| | skokokkkkkkk | [ *. | 16 0.874 0.060
| skokokok | | | | 17 -0.342 -0.011
| *okok | | | | 18 -0.209 -0.027
| oKk | | x| | 19 -0.309 -0.066
| | wokokokskokokokkokok | *k | | 20 0.840 -0.152
Box-Pierce Q-Stat 860.27 Prob 0.0000 SE of Correlations 0.080
Ljung-Box Q-Stat 938.60 Prob  0.0000
SDC=DC-DC (-4)
IDENT SDC
Date: 4-30-1995 / Time: 17:04
SMPL range: 1956.2 - 1994.1
Number of observations: 152

Autocorrelations Partial Autocorrelations ac pac
| *okk | | *okk | | 1 -0.253 -0.253
| | | x| | 2 -0.024 -0.094
| L | | % | 3 0.273 0.261
| ook Kok ok KOk | | ook Kok kK | | 4 -0.504 -0.428

o7



I I*. [ ok | | 5 0.051 -0.164
I I*. [ I | 6 0.069 -0.023
| *k| | L | 7 -0.145 0.088
| S | *ok | | 8 0.092 -0.168
I x| [ ok | | 9 -0.043 -0.177
I ] [ ¥ | 10 -0.077 -0.100
| | | S| | 11 -0.017 -0.087
| | | | | 12 0.027 -0.033
| [ * | | * | 13 0.106 0.077
| I | S| | 14 -0.023 -0.064
| [*. | | | 15 0.078 -0.034
| | | | | 16 0.007 -0.009
| x| | | *. | 17 -0.078 0.051
| | S| | 18 -0.003 -0.096
| x| | *ok | | 19 -0.077 -0.136
I I [ ¥ | 20 -0.014 -0.046
Box-Pierce Q-Stat 71.21 Prob 0.0000 SE of Correlations 0.081
Ljung-Box Q-Stat 74.39 Prob  0.0000
LS // Dependent Variable is SDC
Date: 4-30-1995 / Time: 17:04
SMPL range: 1956.2 - 1994.1
Number of observations: 152
Convergence achieved after 7 iteratioms
VARIABLE COEFFICIENT STD. ERROR T-STAT. 2-TAIL SIG.
MA (4) -0.5167656 0.0701419 -7.3674287 0.0000
R-squared 0.268649 Mean of dependent var 7.066744
Adjusted R-squared 0.268649 S.D. of dependent var 571.0115
S.E. of regression 488.3237 Sum of squared resid 36007470
Log likelihood -1156.206 Durbin-Watson stat 2.464279

IDENT RESID
Date: 4-30-1995 / Time: 17:04
SMPL range: 1956.2 - 1994.1
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Number of observations: 152

Autocorrelations Partial Autocorrelations ac pac

*%k | %k | -0.236 -0.236
-0.033 -0.094
0.150 0.127
-0.099 -0.037
.063 -0.090
0.014 -0.051
-0.117 -0.123
0.103 0.068
-0.047 -0.024
.105 -0.109
.052 -0.165
0.107 0.058
0.047 0.133
.083 -0.047
0.028 -0.063
0.095 0.040
.103 -0.037
.031 -0.056
.091 -0.151
.092 0.038

x|

| %%

© 0 N O O b W N -
|
o

-
o
|
o

e = T T e T = =
© 0 N O O b w N
| |
o O O (@]

*
*
*
N -
o [
|
o o

Box-Pierce Q-Stat 29.16 Prob 0.0847 SE of Correlations 0.081
Ljung-Box Q-Stat 31.17 Prob 0.0530

LS // Dependent Variable is SDC
Date: 4-30-1995 / Time: 17:04
SMPL range: 1956.2 - 1994.1
Number of observations: 152

Convergence achieved after 7 iteratioms

VARIABLE COEFFICIENT STD. ERROR T-STAT. 2-TAIL SIG.

MA(1) -0.3092160 0.0608381 -5.0826070 0.0000
MA(4) -0.5727303 0.0605915 -9.4523260 0.0000

R-squared 0.339172 Mean of dependent var 7.066744
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Adjusted R-squared 0.334767 S.D. of dependent var 571.0115

S.E. of regression 465.7274 Sum of squared resid 32535304
Log likelihood -1148.499 F-statistic 76.98805
Durbin-Watson stat 1.937266 Prob (F-statistic) 0.000000

IDENT RESID
Date: 4-30-1995 / Time: 17:05
SMPL range: 1956.2 - 1994.1

Number of observations: 152

Autocorrelations Partial Autocorrelations ac pac

.022 0.022
.006 0.006
.133 0.133
-0.061 -0.068
.028 0.031
-0.001 -0.021
-0.081 -0.065
0.088 0.083
-0.021 -0.021
.121 -0.106
.046 -0.072
0.092 0.122
0.077 0.098
.069 -0.084
0.017 -0.000
0.055 0.041
.087 -0.083
.073 -0.081
19 -0.090 -0.072
20 0.050 0.072

o O O

© 0 N O O > W N -
o

[ N
~N O O WN =
| | |
o o (@]

*
*
*
= =
(0] o
| |
(@] o

Box-Pierce Q-Stat 15.23 Prob 0.7628 SE of Correlations 0.081
Ljung-Box Q-Stat 16.64 Prob 0.6764
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18.9 O OOOO Fy(X) = 0(e7)0(e™) fe(N)

2
0000O0: Frequency Domain = 9(6‘“)9(6“);7r
1. 000000 (o0ooooooUo)oooo
6. AR(p) 000D00D:
fN) =2n) ! T) COS AT
(A) = (2m) T;OOV( ) oLy = €0
—2m) Y () exp(—iAr) v = 6(0) e
T=—00
2.4, 00000000000000 f(\) = (2r)"te? O .
A= ————+fc(A
3.00000000000000000 W) ¢(e*“)¢(e“)f()
x _ 1 o2
(1) = F(A) cos ArdA — gem M g(er) 21
00o0o00oo0oo0oobobooooboooooboooo 7. ARMA(p,q) O0DOODO:
goooooo
L)y, = 6(L
4. Y w?<ooDDOOO L)y = O(L)er
s ye = (L)~ 0(L)e;
Yt = Z WjTt—j
j=—r
f:(\)0 2z, 00000000000 W(\)DOOOO O(e=)0(e)
fy()\) = —i\ i\ fﬁ()‘)
0000000 ple=)o(e?)
N ~B(em™)0(e?) 12
W)= 3 wje™ He o) 2
j=-r
000d0db0 ¢ 0000000 0O0OD0OODOO0O0O0O0O 18.10 ARCH 0O00O0O
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2. GARCH ( p,q) pgddaooooooooodaoooooodd
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