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ooooooo - wu/(T — k)

oooo
6 00 FOO (ODODDDOODODOOO

(y = X57)(y - X657 0000000000000)

=(y—X(6"—B) - xpB)

x(y— X X@ 00000000 (cons99.txt)
_ ~ -~ 1955 5430.1 6135.0 18.1
=(y— XB)'(y — XP) 1956 5974.2 6828.4 18.3
AN v/ ) 1957 6686.3 7619.5 19.0
+ (0" =B X X(B" = B) 1958  7169.7 8153.3 19.1
_ ' * 1959 8019.3 9274.3 19.7
(- Xﬁ) X(6 ﬂ) 1960 9234.9 10776.5 20.5
* A e
_ X X 1961 10836.2 12869.4 21.8
G A) (v - Aﬁ) 1962 12430.8 14701.4 23.2
=(y—XB)(y—XP) 1963 14506.6 17042.7 24.9
N N 1964 16674.9 19709.9 26.0
+ (B - B)X'X(8* - B) 1965 18820.5 22337.4 27.8
1966 21680.6 25514.5 29.0
1967 24914.0 29012.6 30.1
(X'm=000000O0ODO) 1968 28452.7 34233.6 31.6
1969 32705.2 39486.3 32.9
oooooo 1970 37784.1 45913.2 35.2
1971 42571.6 51944.3 37.5
R R 1972 49124.1 60245.4 39.7
(8" — ﬂ)’X’X(ﬂ* -B) 1973 59366.1 74924.8 44.1
N N 1974 71782.1 93833.2 53.3
=(y—Xp)(y—XB")—(y—XB) (y — XB) 1975 83591.1 108712.8 59.4
1976 94443.7 123540.9 65.2
1977 105397.8 135318.4 70.1
gooo 1978 115960.3 147244.2 73.5
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1979 127600.9 157071.1 76.0
1980 138585.0 169931.5 81.6
1981 147103.4 181349.2 85.4
1982 157994.0 190611.5 87.7
1983 166631.6 199587.8 89.5
1984 175383.4 209451.9 91.8
1985 185335.1 220655.6 93.9
1986 193069.6 229938.8 94.8
1987 202072.8 235924.0 95.3
1988 212939.9 247159.7 95.8
1989 227122.2 263940.5 97.7
1990 243035.7 280133.0 100.0
1991 255531.8 297512.9 102.5
1992 265701.6 309256.6 104.5
1993 272075.3 317021.6 105.9
1994 279538.7 325655.7 106.7
1995 283245.4 331967.5 106.2
1996 291458.5 340619.1 106.0
1997 298475.2 345522.7 107.3

dodooooOoooooooooo (ooo)yooooo
OO0 (lo00)00UoUoUoooooooooo (1990 O

=100)

PROGRAM

LINE  skskoksrokorskoksiokskokokokokoskokokskkskokskokkokokskokskokok sk ok sk skok ok ok sk ok sk ok sk o
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;

smpl 1956 1997;

diryd=di*ryd;

dcons=rcons-rcons(-1);

olsq rcons c ryd;

olsq rcons ¢ dl ryd diryd;

olsq rcons c¢ ryd rcons(-1);

olsq dcomns c;

end;
EXECUTION
sk ok sk ok ok ok sk s sk ok o ok sk ok sk sk ke sk sk ok ok sk sk o sk sk ke ok sk sk ok ok sk s sk ok e ok sk sk sk sk ok sk ok ok ok

e
B O ©W O ~NO OB WN -

el o
g wN

fure
[}

Equation 1

Method of estimation = Ordinary Least Squares

Dependent variable: RCONS
Current sample: 1956 to 1997
Number of observations: 42

Mean of dependent variable = 149038.

Std. dev. of dependent var. = 78147.9
Sum of squared residuals = .127951E+10
Variance of residuals = .319878E+08

Std. error of regression = 5655.77

R-squared = .994890

Adjusted R-squared = .994762

Durbin-Watson statistic = .116873

F-statistic (zero slopes) = 7787.70

Schwarz Bayes. Info. Crit. = 17.4101

Log of likelihood function = -421.469

Estimated Standard
Variable Coefficient Error t-statistic
C -3317.80 1934.49 -1.71508
RYD .854577 .968382E-02 88.2480

Equation 2

Method of estimation = Ordinary Least Squares

Dependent variable: RCONS
Current sample: 1956 to 1997
Number of observations: 42

Mean of dependent variable = 149038.
Std. dev. of dependent var. = 78147.9
Sum of squared residuals = .244501E+09
Variance of residuals = .643423E+07
Std. error of regression = 2536.58
R-squared = .999024
Adjusted R-squared = .998946
Durbin-Watson statistic = .420979
F-statistic (zero slopes) = 12959.1
Schwarz Bayes. Info. Crit. = 15.9330
Log of likelihood function = -386.714

Estimated Standard
Variable Coefficient Error t-statistic
C 4204 .11 1440.45 2.91861
D1 -39915.3 3154.24 -12.6545
RYD . 786609 .015024 52.3561
D1RYD .194495 .018731 10.3839

Equation 3

Method of estimation = Ordinary Least Squares

Dependent variable: RCONS
Current sample: 1956 to 1997
Number of observations: 42

Mean of dependent variable = 149038.

Std. dev. of dependent var. = 78147.9
Sum of squared residuals = .246205E+09
Variance of residuals = .631296E+07

Std. error of regression = 2512.56

R-squared = .999017

Adjusted R-squared = .998966

Durbin-Watson statistic = 1.25472

Durbin’s h = 2.62625

Durbin’s h alternative = 2.44578

F-statistic (zero slopes) = 19812.0

Schwarz Bayes. Info. Crit. = 15.8510

Log of likelihood function = -386.860

Estimated Standard
Variable Coefficient Error t-statistic
[ 3281.37 1002.31 3.27383
RYD .150357 .055212 2.72328
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RCONS(-1) .831071 .064959 12.7938

Equation 4

Method of estimation = Ordinary Least Squares

Dependent variable: DCONS
Current sample: 1956 to 1997
Number of observations: 42

Mean of dependent variable = 5908.77
Std. dev. of dependent var. = 2734.81
Sum of squared residuals = .306647E+09
Variance of residuals = .747919E+07
Std. error of regression = 2734.81
R-squared = .136129E-49
Adjusted R-squared = O.
Durbin-Watson statistic = 1.30871
Schwarz Bayes. Info. Crit. = 15.8925
Log of likelihood function = -391.470

Estimated Standard
Variable Coefficient Error t-statistic
C 5908.77 421.991 14.0021

>k 3k 3k >k 3k >k 3k >k 3k >k 5k 3k >k 3k ok 3k ok >k ok >k 3k >k 3k >k 3k >k 3k 5k >k 3k >k 3k >k 5k >k >k 3k >k 3k >k >k >k >k >k >k %k >k 3k %k >k %k >k >k *k

1. Equation 1 vs. Equation 2

O00oQ0oooo (19740000000000000O0
O00oo0ooo)o

Equation 2 [0
RCONS = (31 + [52D1 + [(B3RYD + (3,RYD X D1

Ho: B2=pP4=0
0000 OLS = Equation 1
0000 OLS = Equation 2
(u*'u* —u'u)/G
uu/(T —k)

_ (.127951E + 10 — .244501E + 09) /2
\244501E + 09/(42 — 4)

= 80.43
~ F(2,38)

F(2,38) 000 1% 0 =5.211<8043 0000
Hoi 52:ﬁ4:0[||:||]

= 1974 0000000000000000

2. Equation 1 vs. Equation 3
oooooog

Equation 3 0
RCONS = (31 + [2RYD + $3RCONS(—1)

lib : 63 =0
0000 OLS = Equation 1
0000 OLS = Equation 3
(v*'u* —7'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

= RCONS(-1) O RCONS OO DDOOODOOOOODO
oono

v/163.68 = 12.7938 OO OODOODO RCONS(-1) O
t-statistic O O0O0OO

3. Equation 3 vs. Equation 4

oooobooooo

Equation 3 [0
RCONS = f3; + (2RYD + B3RCONS(—1)

H()I 62:Oandﬁ3:1
0000 OLS = Equation 4
0000 OLS = Equation 3
(uu* —7'u)/G
uu/(T — k)
(.306647E + 09 — .246205E + 09)/2

- “246205E + 09/(42 — 3)
= 4.910

~ F(2,39)

F(2,39) 000 1% 0 =5.194>49100000
Hoi ﬂg:()andﬂgzl
gooooood



7 00000000 (GLS)

1. Regression model: y = X + u, u ~ (0,02Q)

2. 0000 (Heteroscedasticity)

a2 0 - 0
0 o3 :
o?Q = . 2
0
0 0 o2

0000000 (First-Order Autocorrelation)

Up = pus_1 + €, € ~ iid N(0,02)

1 o o pT—1
) p 1 P pt 2
0= 2 p 1 pr?
1-p .
pT—l pT—Q pT—3 1
2
g
V(ug) = 0% = £
1— p2?

. pO0GLSOO0 yOO000OO00ODO0O0OCOODOOOO

mﬂin (y—X3)'Q y— Xp)

GLSE of Bis b .
b= (X' ' X))t X0y

.0ooooQoooooooooeoooooooo
gboooo

Q=AAA
AOO0O0O00O0OOODOOODOOOOADOODOO

gooooooooooa
QUUO0O000000O0OooADOODOOOLOOoOOn
DDDD(DDDDDDDDDDDDDDDDD x O
OD000«2Qr>000000 Qoono)

. There exists P shuch that Q = PP’
(take P = AY/2A).

Multiply P! on both sides of y = X3 + u.

15

We have:

Y =X"F+ur,
where

y* =Py,
X*=P'X, and
u* = P~ lu.

Note that

V(u*)

= V(P 1)

=P V()P
=o2p QP =,
because 2 = PP’.

Accordingly, the regression model is rewritten as:
Yy =X"B+u", u* ~ (0,0%1)
Apply OLS to the above model. That is,
mﬁin (= X*8)(y" - X*B)

is equivalent to:

mﬁin (y—XB)Q 'y — Xp)

b= (X*/X*)—lX*/y*
— (Xlﬂle)lelgfly

b= ﬁ+ (X*/X*)—IX*IU*
— ﬁ+ (X*/X*)—1X/Q—lu

E(®) =5

V() = 02 (X*X*) !
_ JQ(X/Q—IX)—I



6. 000000 (y — Xb)Q~(y — Xb)

8. - ~XA(T — k)
ag
_ ~ 2
y=XBf+u, ur~ N(0,078), 9. We have:
00000O0O0O00000000 (R — v (RO X)-TR) ™ (RF — 1)
A: X/X 7lxl G
=X "Xy (y — Xb)'Q"'(y — Xb)
=0+ (X'X)"' X'u Tk
~ F(G,T —k)
V(B) = o?(X'X) 1 X'QX (X' X) !
GLSO OLSOOOO »0000000000000000K 000000

gobobooboobobobooboboboooon

() 0000000
00 eDe* 0000

E() =5
E(b) = 8 e=y— Xb, e =y— Xb"
0000000000000 O000O0FO00000000000000000
(by DODOOO oo
V(B) = a2(X'X)'X'QX(X'X) 7! (e ler — e/ le) /G

~ F(G,T — k)

V(b) = o2(X'Q71X) 7! ¢'Qte/(T = k)

gogooooobobooood
7.1 00O 0OOO0O0O (Theil and Goldberger

V(B) = V(b) Model)
=2(X'X)'Xax(X'x)!
23011 0000000000000000
—o ) — 0Oooooo
= ((X'X) X - (X'IX) X
Q) r=RB+v, v~ (0,7)
!
X ((X’X)*lx’ - (X’Q*X)*X'Q*l) y=XB+u u~(0,9)
-2
=0 AQA’ 0oooo0on
Q0 .0000000000000000000 y X u
0000Q=I; 000000 AQA 0000C0 (r>(R>ﬂ+(U>
0D000bKO BOOODOO
s u © Q0 )
7. If u ~ N(0,0%Q), then b ~ N(3,02(X'Q71X)71) . v N0 T
Consider testing the hypothesis Hy : R =1 . ooooooooooon
RA:ka,rank(R):ng. N e o xy)
Rf ~ N(RB,0?R(X'Q'X) 1R . Fr={& By R
Therefore, Q o0\ !
A ERIING)
(RG — 1) (R(X'Q'X)"'R')” (RB —7) ) U r
~ X

o2 = (X'Q' X+ RV IR)NX'Q ly+ R 1)

16



va%>:<«X'f?>(§ g)l(ﬁ))_

= (X'Q'X+ R IR)!

8§ 000 (MLE)
000 = Maximum Likelihood Estimation (MLE)

1. The distribution function of {z;}X, is f(x;0), where
x = (21, --,z7r) and 0 = (u, ) . Likelihood func-
tion L(-) is defined as L(0;z) = f(z;0) . Maximum
likelihood estimate (MLE) of € is 6 such that:

max L(0;x).
0

MLE satisfies the following;:

0log L(6; x)
(a) —

02 log L(6; z)
(b) 0600

is a negative definite matrix.

=0.

2. Fisher’s information matrix is defined as:

IW):_E<§1§%gEQ>

Note as follows:

.

E(8 logaLe(H; x) 0 logaLogﬁ; x) )
0;

V<8 logﬁLH( x) )

ggo
/L(Q;x)d:c =1

pOoO0OO0O0O

oL(O;x) ,
/ 50 dz =0

(x0000 00000 0O0UDOOOO 9L/06 000
ooooooooon)

oooooooo

0log L(0; x) . B
/ 50 L(0;2)dz =0

googo

Olog L(0;x)\
E (80 ) =0

ooooeOOOOOO

2 .
/ 0 IOng’x)L(G;m)dx

8600’
Olog L(6; x) OL(0; x)
- / a0 oo
02 log L(0; x)
dlog L(0;x) Olog L(0;x)
+/ 50 BT L(6; x)dx
godad
_E 0?log L(0; )
0600
_E 0log L(#;x) Olog L(0; x)
B 06 0o’
B 0log L(6; x)
-v(=5)
good

. Cramer-Rao 0 OO I(0):

00600000 s(z) 0000

E(s(z)) = /s(x)L(@;:p)dz

pOO00000
O0E(s(x)) OL(6; x)
‘5?*—/“@ T
:/s(x)ialoggaw;x)L(a;z)dz

— Cov (s(:v)7 Olog L(b; x) 8L0(95 x))

O00000000s(x) 000000000 0O0O0O0O0ODO

)



. 2 ooooooo
= (Cov <s(m), Olog L(b; z) log;ﬁ(@,x)))

2V (s(s dlog L(0; ) s(zx)=0000000007T0000000V(s(z))
_pv((»v< 90 ) 0 (1)) ' 0oooo

<V s v (2R

5. DOooono
0000p0 s(z) O %%WDDDDDDDD dlogL(;x) _
goooooo-1<p<1 00
__ Olog L(0*; x)
dlog L(; x) - o0
Cov (s(m)’ 90 8%log L(6*; z)

(6 —67)

p= 000"

— \/W\/V (3logaL€(9;l'))

0ot _ (82 logL(@*;ac))1 dlog L(6*; )

0ooQ 2000’ o0
IE(s(x)) ? dlog L(0; x) Replace the variables as follows:
( 90 S V@) v 0
ooooo 6 — 60+Y
) g — 9
CE@@D)
a0
V(s(z)) > dlog L(6; ) Then, we have:
v ( 90 >
pli+1) — g()
E —90000 . _ .
(s(z)) B 0% log L(6W); ) ! dlog L(6W); )
Vis(a)) > 1 o1 690" 06
(s(z)) = log L(0: 7) = (1(9))
_p(( =0
062 — 0000000000
s(x) 00000000000000000000 000
V(s(@) > (16) ! PlogLOW;x) o (0%log L(6;x)
0000’ 0600’
.000000000O0000
TOOO0ODO0O0O0O0O0O00O0 boooooobon
-1 . )
VT(@-60) — N (0, lim (I(T(’)> ) ot = (0 1
oo 0?log L(0W;x)\\ ~ dlog L(6W; )
—\F D000’ 00
0ooooo ! Olog (605 )
i iy) !t Qlog L0 x
0000070000000 =0 — (1(6)) 20
5~N(6,(I(9))_1) — oooo
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81 D0OODOOODOOODO 200000
gooooo

Yr = o+ By + uy,
ogooogo

1.4, 0000000000000000 w ~ N(0,02)
0ooo

2.w, 000000

flue) =

1 1,
exp | ——=u
2mo? P 202"

0000ug,ue,-,ur 0000000000000
000000000000000000000000
ooooo

f(uhu?v"'auT)

= f(u1)f(uz) - f(ur)
1 1
= T (arory T P (‘ 207 Z}“)

3. y1,--,yr 000000000000000 (u =
Y —a— fry) O

7yT)

1 1 —
ZWGXP szt—a 53%

O
= L(a, B

f(yl7y2a"'

02‘y17y2a"'7yT)

0000 L(e, B,
log L(a, 3,

o2y, y2,---,yr) 000000000
o2|y1,y2,--+,yr) 00000000000

02|y1ay2, o 'ayT)

T T
=-5 log(27) — 3 log(o?)

4. 000000000
0000 20 f(x) 000000000000 2=
¢g(z) 000000 200000 f.(2) O

dg(z)
dz

£.05) = £a(9() \

oood

00z ~U(0,1) 0000z =—log(x) 10000000

fa(z) =1
r=exp(—2) 0000
7o) = | 52| 72 (0(2)
= | — exp(—2)|
= exp(—2)

5. DOD0ODOODOO yi,y2,---,yr OOODOOODOOO

000 L(a,B,0%y1,y2,--,yr) 0000000000
0 log L(, B,0%|y1, y2,--+,yr) 000000000 (
a,3,0)00000000000000( «a, B, 0?)

0000000 (& B8,62) 00000

alOgL(aaﬁ7 02|y1ay27' ) 'ny)
O
1 T
_*QZ(yt—a—ﬁIt) =
t=1
810gL(a,ﬁ 0—2|y17y2, o 'ayT)
op

1
72

M=

3 D —a = Baw =0

o~
Il

1

alOgL(a7ﬁ U2|y1a927 o 'ayT)

Oo?

T
T1 1 )
:7?*@;(%_%% -

obooobooboooooboooooooo

S (@ —T) (g —7)
ZZ—l(It —T)?2
- 07

T
Zyt—a 533:5

B=

00000000000000 (OLS) 0000 (ML)
00000 «200000000
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82 [D0OOOUOODOOD DObDOODOI

1. Regression model: y = X3+ u, u ~ N(0,02%I)

Log-likelihood function is:

T
log L(0;y, X) = 5 log(270?)

1
~5,3 W~ XB) (y— XB),
where 0 = (3,0?%) .
2. max logL(0;y,X) .
0
Olog L(0:y, X) _

00
We obtain MLE of 3 and &2 :

/g: (X/X)_lX’y,

> _ (= XB)'(y— XP)
T

3. Fisher’s information matrix is defined as:

92 log L(6;y, X))

1) = _E( 9000’

The inverse of the information matrix, I(#)~!, pro-
vides a lower bound of the variance - covariance ma-

trix for unbiased estimators of 6 .

0_2 / -1
1)~ = ( R 224>

0 T

83 UUUDOUOODLOODL OUObOODb II

1. Regression model: y = X3+ u, u ~ N(0,0%Q)

Log-likelihood function is:

T 1
log L(6;y,X) = -3 log(2m0?) — 3 log |9

oy = XAy - X0,

where 6 = (3,0?) .

20

2. max logL(6;y,X) .
0

Olog L(6;y, X)

90 =0

We obtain MLE of 3 and o2 :
B —_ (XIQ_lX)_lX,Q_ly,

2 _ (Y= Xp'Q ' (y - XB)
B T

3. Fisher’s information matrix is defined as:

0% log L(6;y, X))

1) = _E( 0000’

The inverse of the information matrix, I(6)~!, pro-
vides a lower bound of the variance - covariance ma-

trix for unbiased estimators of 6 .

0.2 r0—1 -1
1(9)1—< S 224>

0 T

84 AR(1) 0000000
AR(1) 0000 t=2,3,---,7, |¢1| <1 000000

Yo = d1yi—1 +up, u ~ N(0,0%)

Yi1,Y2, -, Yyr gboogooo f(yTunylv"'vyl) ggdad
od
f(yTvnyla"Wyl)
T
:f(yl)Hf(ytlyt—la"'ayl)
t=2
googd

000000 f(yelye—1,--+,y1) OO0y = dr1yp—1+u, 000
E(yt|yt—17 e 7y1) = (blyt—h

V(yt|yt717"'7yl) = 02
gooooa

f(yt|yt—1, T 7y1)
1

1 2
\/W exp <_W(yt - ¢1yt71) >

oooo
000000 f(ylye-1,--+,91) 00000



E(yelye—1,---,y1)0

V(yelyi—1,- 1)

00000 f(wlye,»5) 000000

0oooooo0 f(y) OO

Yt = P1yp—1 + ur
= ¢%yt—2 + Ut —+ ¢1Ut_1
= gbtlyo 4+ us + prug_1 + -+ ¢§_1U1

=u + ¢rup—1 + ¢%Ut—2 + -

oood
E(yt):07

V(y) =c?(1+¢i+ ¢t +--) =
OO0oooogg
f(il/t):

goog

o2

1—¢?’

27702/1(1 —o) P (_202/(11&)%2)

oooooo
y17y27"'7yTDDDDDDD f(yTvnylﬂ'“

ayl)

73/1) gg

fyr yr—1, -

T
Zf(yl)Hf(yﬂyt—la'“

t=2

! Y S —
2ma? /(1 — ¢3?) p< 202/(1_¢%)y1>

f[ <_2@i2<yt —¢1yt1)2)

7111)

7m2
gooo
ggoooooo
(¢1a 2;yT7yT 1, '7111)
1
=—= log(27ro2 1—¢?
T
L og(amo?) Z — $1ye-1)

t=2

gooo

goboobooboobooboobobobon
—-l<p<l1l0O0O0O0OCOODO OOl OOOOOO (grid
search) 0 0 OO0

21

85 UDL0O0O0O0OUOUO bbOoOoooob
ERERE

gboooboobooobobooobooboo

Ye = 28+ uy

Up = PUr—1 + €

€ ~ iid N(0,02)
oood

Ur,Ur—1,--",
goooa

w, 00000 f,(;) 0000000000

Ingu(uTaqula s, UL, P, U?)

T
— log f(u1: p,02) + 3 log fugue 1, -,

t=2

= —% log(2ma?/(1 — p?)) —

ul;p,az)

1
202/(1 2

>“§
QZ
6 =2

log 271'0 — pug_1)

gooo
ur,ur—1,--+,u1 00 yr,yr—1,---,y1 DO0O0O0000O0

oooooooo
L(PJ?,Q;ZIT’Z/T—M"',ZA)
=log fy(yr,yr—1, - y1; p, 02, B)
— 7B, yr—1 — 7105,

"7Z/1—$1ﬁ;ﬁ)7062)

= log fu(yr ou

dy

= —% log(27w€2/(1 - ,02))

1 2
*W(w —z103)
r=1 10g(27r052)

2
202 (yt pyi-1) — (z tfpxt—l)ﬁ)
€ =2

1
5 log(1 — p®)

1
202 (V1= p2y1 = V1= pPa )

1
=3 log(2m0?) +

-1
log(27m0?)

|z
20622(

t=2

2
—pyi—1) — (x t—p:vH)ﬁ)



T 1
= —5 log(2m?) + 5 log(1 - p?)

O00Dy;,z; 00000O000OOO0O

* \/ﬁyt» for t =1,

Yt yr — pyi—1, fort=23,.--,T,
* V1= p2, fort=1,

€T, =
t xy — pry—1, fort=2,3,---,T,

0 pO00000OL(p, 02, Byr,yr—1,-++,y1) 00000
T T
B=0aen) Oy
t=1 t=1
— (X*/X*)—lx*ly*

= 00000 y*=X*B+¢ e~ N(0,02I7) D000
0oooOoOoooooo

0 0200000 L(p,02, B;yr,yr—1,---,51) 00000
~2 1 = * * 2
g =7 (yr — ¢ B)
t=1
1 * * 1/ % *
=7y = X"B)(y" — X7P)
gooo
i 1—p?n
. Y2 Y2 — P
Yr yr — pyr—1
xt V11— p2x;
. x5 To — pT]
r = . .
T Tr — prT-1
ogooo

0 p00000L(p, 02, B;yr,yr—1,-+-,%1) 00000
max L(p, 02, 3;y)

B,02,p

a

max L(p, 57, B; )

Dp[] ggd

L(p,5%,3;y) 0000000000 (concentrated log-
likelihood function) 00 0O 0O0O

gooad

L(p,52, B y)
T T 1
= — log(2m) — B log(d7) + 5 log(1 — p®)

2
T

2

T
=-3 log(2m) —

T [ 1 )
—Ek%@JM)+§bal—p)

T
2

0pO0000000000
— 00000000000000000000
52 =52(p) 000

8.6 UUOUDUDLOOLOOUODODODLUODLO

obooobOooooobooboooooboooon

Y = T8+ uy
ug ~ iid N(0,02)

Jt2 = (2ta)2
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ur,ur—1,--+-,u1 00000 f,(;-) 00
log fu(ur,ur—1,---,u1;07)

T
= " log fu(ur; o)

t=1

T 2
T T 2 1 Ut
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= logfy(yTayT—h c 'ayl;ahﬂ)

=log fulyr — 7B, yr—1 — v7-10,
ou

2
- —x18;0 -
yl 16 t) ay

T
T T 1 -
=——log(2n) — = log za)? — = E <yt ztﬂ)
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— 3,a0000000
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1. 00: 0000

0000000 1, 2o, -
0o00O0ooooo

00000 R, B, --- 0

tlim F,=F

oboooooboooond =z, ze,---0 FOODO
00 (convergence in distribution) 000000

2.0000000

(a) DOOOODOO
{27: T=12,---} 000000000000
0000000000 oooooonodeze O
6 0DO000ODO (convergence in probability) O O
good

Tlim Prob(|zp — 0] <€) =1,

ubtbdeboboaobooan
000000 60 2z OOOOO (probability

limit) 0000
plim zp = 0,
ooooooon

(b) 9 00O0DOOD0 ¢0000000OODODOO0
00 O0DD00D0O0DO,0 AODOODO
O (consistent estimator) 000000000

3. Chebyshev 0O O QOO
g(X)>000000

E(g(X))

Prob(g(X) > k) < ’

23

000000 X00000g(X) =

ooooooO00kbOOOOOOOOO
goo

g(X)> k000 U=10g(X)<kOD00 U=00
000000 U0000000000000000
000

9(X) = kU
000000000000000
E(g(X)) > kE(U)

OO0O0OO0EW)O00000

E(U) =1 x Prob(g(X) > k) + 0 x Prob(g(X) < k)
=P(9(X) = k)

gooooad
E(g(X)) > kProb(g(X) > k)

goo

E(g(X))

Prob(g(X) > k) < ’

good

(X =)' (X =)0

EX)=pOVar(X)=2000000O

tr(X)

Prob((X — )/ (X —p) 2 k) <

uooobooooo

ugbooaooaaod



5. 00

0000 X; ~ (p,0%),i=1,2,---,T
0000 X0 0000000000
ooo

Chebyshev 00000000000

000000d0T —ooOODODO

2
P(X —pul>¢) < o — 0

— Te?
goboobonbo edobOO
lim P(|X — =1
A PIX =ul <)

.0oo

zxp 0 yp 0O0O00O0OOO

plim zp =¢, plimyp =d 0000
ooooo

a

b

(a) plim (7 +yr) =c+d

(b) plim zryr = cd

(c) plim ar/yr =c/d,0000d #0

(d) plim g(z7) = g(¢), 000D g() 0O0DODO
oo

= Slutsky’s Theorem

. Lidberg-Levy Central Limit Theorem

X1, To, -, xp 00000000, ~ (X)) 0000
00000 (independent and identically distributed,
id) 000000

1 T
ﬁZm —pn) — N(0.%)

. Central Limit Theorem (Greenberg and Webster
(1983))

ggod

10.

11.

12.

13.

14.

Ty, T2, -, xp 00000000a; ~ (px,) 000
000000000

1 T
TE 2@ — NO.3)

good
1 T
good

.00: 60 00000000000VT(Or—6)0

N(0,$)000000000000000000670
0000 N(6,x/T)0000000

O00: 0030000000000000670 con-
sistent uniformly asymptotically normal O 0O O 0O O
oooo

(2) 6 00D0D0DDODO

(b) VT(fr —6) 0 N(0,£) 0000000

(¢ DODOODOO

ad: §T O §T O consistent, uniformly, asymp-
totically normal 000000000 ¥/7T,Q/T 00
O0000000Q-X000000000 (positive

semidefinite) 000000, 006, D000D0DO0
000 (asymptotically efficient) O 00O O

oo:
totically normal estimator 0 0 0 0 0 asymptotically

0000000 consistent, uniformly, asymp-

efficient 0000000 consistent, uniformly, asymp-
totically normal estimator 000 00O (asymptoti-
cally efficient) 00000000

asymptotically efficient 00000000

consistent, uniformly, asymptotically normal estima-
tor OO 0O0O0O0O0O0O0O0O0O0OO0O0O0O000OO0O0
O0o000o0o00000000O0O0O0O0O00000

21,22,z 00000 f(;0) 0000000
DD[ll:lgT 0O ¢OO0O00O0ODOOOOOOOODOO
0000 (regularity conditions) 00O OO 06, O
$ 0000D000000VT@ -6 0O0O0OOODO

N (0,1im (12 B 0000
(o (7))



15. Regularity Conditions 0 OO 0O

(a) z, 0000 AOOOOODO

(b) f(z;) 00 0000000000 30000
000000000000000000

l16. 0000000000000

(i) consistent
(ii) asymptotically normall

(iii) asymptotically efficient,
ggod

17. Slutsky’s Theorem

f0 900000000000000000D0g(d)0
9g(/) 0000000000000 0g O well-defined

continuous function 0 00O O
18. 0000000 (Invariance of Maximum Likeli-
hood Estimation)

é\1a§27"'7§k|] 017025"
ooo

L6, 0000000000

Q] = 011(91,927'"79107 Qg = 042(91,927"'791@); Y
ap = ap(bh,60q,---,0,) 0000 10 10000000
00000, ao, -+, ap 0000000 & =
ai(01,02,---,0r), G2 = (01,02, ,60k), --

o(01,05,---,6,) 0000

Y O =

10 O0Ubboogoonoooggon
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1.7TO0000000000000000000 Br =
(X’X)"'X'y 0000000000 7000000
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0000000000 (Chebyshev’s inequality) OO
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T xrx

0 00 0 = Slutsky’s Theorem
(*) Slutsky’s Theorem
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1 1
:5+(Txxrwfxm)
oooDooDOoon

Br — B+ Mz} x 0
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.0000000000000 ()00000000 (i)
00000000 (i) 000 0000

6. Asymptotic Normality of OLSE

(a) Central Limit Theorem: Greenberg and
Webster (1983)

21,2,z 0000000000 p000 %,
000000000000
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11.1

(d) Central Limit Theorem (Greenberg and Web-
ster (1983) 0000000

oooo
VT(B - B) = <1X’X> - Ly
T JT
goog

VI(B—p) — N(0,02M})
0000=00000000000000
w 0000000000000

gooon
gogno

Errors in Variables

1. 0oo0Oooboo

y=XB+u

.0o0oo0ooobooobo

X=X+V

V. 000000000 (Measurement Errors)

. XOoooooooooooooooovoooo

oboooboooooogn

.gbooboobooo

y=XB+ (u—-Vp)
4000000000
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Instrumental Variable (IV)
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Central Limit Theorem 0000 0O O
1
—7'u — N O,O’QMZZ
VT ( )

ooono
1 A
=(=7'X Z%)
we=(72x) (77
— N(0,0°M_ M, .M., )

good
= gooooobgobod

. Central Limit Theorem: Greenberg and Webster

(1983)
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12 000000
12.1 Wald, LM, LR 0 0 O

0: Kx1

h(f) : G x 1 vector function, G < K

0: Kx1

The null hypothesis Hy : h(6) =0

0* : k x 1, restricted maximum likelihood estimate
0 kx 1, unrestricted maximum likelihood estimate

I1(0) : K x K, information matrix

0% log L(0)
H@-——E( 9006’ )
log L(0) : log-likelihood function
Oh(0)
Ry = a?alL:eG x K
%:—%%J:le

() (o) ~ 1) + 22 5 )
googo
maaﬁgéka—m
= R0 —0)

(b)§DDDDDDDDDDDDDDDDDDDD
V?QQ)H_N<th<%?>1>
@-6) — N (0, (1))
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(d)

~

W@ 00000
hO) — N (0,R;(1(0) " RS)
x* 00000000

-1

TR h@) — (G)

hO)(R5(109))

~

ooooI(P) — I)OOD (Do0oDUooo
0 O O convergence in probability)O

h(0) (B;(1(0))
agoog

-1

T'RY) B — ¥*(G)

2. Lagrange Multiplier 0 0: LM = F}. (I(6%)) " Fp-

(a)

AM6)=000000000

max log L(#), subject to h(f) =0
oooooooo

L =log L(#) + \h(6)

oooooooo
OL _ Olog L(0) n )\Bh(H)
o0 09 90
oL
o h(0) =0
0log L(0)
06

good

=0

gbogoooan

gooooon

0log L(0)
00
godd

L8 O (1 gy MO oy

ocooooooooooooobooge — 46
gooo

— N(O, 1(9))

Fp (16%) ' Fpe — X3(Q)

good

30

. Likelihood Ratio 0 0: LR = —2logA — x%(G)

A=29)
L®)

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

. Allof W, LM and LR are asymptotically distributed

as x%(G) random variables under the null hypothesis

. 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.

12.2 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



19
19
19
19
19
19

92 265701.6 309256.6 104.5
93 272075.3 317021.6 105.9
94 279538.7 325655.7 106.7
95 283245.4 331967.5 106.2
96 291458.5 340619.1 106.0
97 298475.2 345522.7 107.3

0000000000000000 (1000)00000
00D (1000)00000000000000 (1990 O
=100)

L

PROGRAM
INE
freq a;
smpl 1955 1997;

lyd=log(ryd) ;

olsq rcons c ryd;
arl rcons c ryd;
olsq rcons c lyd;

o
H O WO ~NO®U D WN -

o
w N

a3=1.15;

=
o>

arl
end;
EXECUTION

[y
[}

3k >k 3k >k 5k 3k 5k 3k ok 3k >k 3k ok >k 3k >k 3k >k 3k >k >k 3k >k 3k >k 3k >k >k >k >k 3k >k 3k >k >k %k >k %k >k %k %k %k %k >k >k *k k

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

param al 0 a2 0 a3 1;
frml eq rcons=al+a2*((ryd**a3)-1.)/a3;
1sq(tol=0.00001,maxit=100) eq;

rryd=((ryd**a3)-1.)/a3;
rcons ¢ rryd;

3%k ok ok sk ok ok 3k ok ok 3k ok ok 3k ok ok ok ok ok ok 3k Sk ok 3k ok ok ok Sk ok ok sk ok ok 3k ok ok 3k ok ok ok ok ok ok 3k ok ok %k ok ok %k ok k %k

D

Current sample:

Equation

Method of estimation =

ependent variable: RCONS

1955 to 1997

Ordinary Least Squares

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

31

CONVERGENCE ACHIEVED AFTER 7 ITERATIONS

Dependent variable: RCONS
Current sample: 1955 to 1997

Number of observations: 43

(Statistics based on transformed data)

Mean of dependent variable = 13685.2
Std. dev. of dependent var. = 5495.11
Sum of squared residuals = .145807E+09
Variance of residuals = .355627E+07
Std. error of regression = 1885.81
R-squared = .885040
Adjusted R-squared = .882236
Durbin-Watson statistic = 1.38750
Rho (autocorrelation coef.) = .945024
Standard error of rho = .040839
t-statistic for rho = 23.1405
F-statistic (zero slopes) = 315.621
Log of likelihood function = -385.419
(Statistics based on original data)
Mean of dependent variable = 146270.
Std. dev. of dependent var. = 79317.2
Sum of squared residuals = .145826E+09
Variance of residuals = .355672E+07
Std. error of regression = 1885.93
R-squared = .999480
Adjusted R-squared = .999467
Durbin-Watson statistic = 1.38714
Estimated Standard
Variable Coefficient Error t-statistic
C 1672.37 5919.24 .282531
RYD .840011 .025263 33.2501

Equation 3

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 = .256040E+11
Variance of residuals = .624487E+09
Std. error of regression = 24989.7
R-squared = .903100
Adjusted R-squared = .900737
Durbin-Watson statistic = .029725
F-statistic (zero slopes) = 382.117
Schwarz Bayes. Info. Crit. = 20.3798
Log of likelihood function = -495.418
Estimated Standard
Variable Coefficient Error t-statistic
C -.115228E+07 66538.5 -17.3175
LYD 109305. 5591.69 19.5478

NONLINEAR LEAST SQUARES




EQUATIONS: EQ

CONVERGENCE ACHIEVED AFTER 72 ITERATIONS

Log of Likelihood Function = -414.362
Number of Observations = 43
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 5 ITERATIONS
Dependent variable: RCONS

Current sample: 1955 to 1997

Number of observations: 43

(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

32

Variable Coefficient Error t-statistic
C 12034.8 3315.11 3.63029
RRYD .140723 .275670E-02 51.0476

K 3k ok ok ok ok ok ok ok ok ok 3k ok ok 3k ok ok 3k ok ok ok ok ok ok 3k ok ok 3k ok ok ok ok ok ok sk ok ok 3k ok ok sk ok ok ok ok ok ok 3k >k Xk k ok Xk

1. Equation 1 vs. Equation 2
cooooogo

Equation 2 [
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ARMA 00O : Autoregressive Moving Average Model
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17.6 SARIMA 0O00O0O
SARIMA 0O 0O0O: Seasonal ARIMA Model
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IDENT RC

Date: 4-30-1995 / Time: 17:03

SMPL range: 1955.1 - 1994.1

Number of observations: 157

ARIMA 0000000

Autocorrelations Partial Autocorrelations ac pac
| | skooksk sk sk sk sk ok sk ok ok ok | | ,kskkkskkkkkkkkk| 1 0.970 0.970
| | skokokokk ko kokokok | | *. | 2 0.947 0.096
| | kkkokokkkkokkkk | | % | 3 0.934 0.168
| | ok ok kR kK| | k% | 4 0.932 0.244
| | skokokskokkokkokokkk | *ok koK oKk | | 5 0.902 -0.427
| | kokokkkkkkkkk | | *. | 6 0.879 0.094
| | kokkkkkkkkkk | | *. | 7 0.864 0.085
| | sokskokokkkkkokk | [ *. | 8 0.861 0.073
| | skokskokokkokkkk | *okkk | | 9 0.830 -0.280
| | skook sk sk sk ok ok ok ok ok | | *. | 10 0.805 0.084
| | skook sk sk ok ok ok ok ok ok | | *. | 11 0.790 0.062
| | sk ok ok ko kK kK | | | 12 0.786 0.022
| | skook ok sk sk ok ok ok ok ok | *x| . | 13 0.755 -0.181
| | skookok sk ok ok ok ok ok | | *. | 14 0.730 0.072
| | skokokokok ok kK k | | | 15 0.714 0.026
| | skookok ok sk sk ok ok ok | | | 16 0.708 -0.018
| | skookok ok ke k kK | *x| . | 17 0.677 -0.127
| | skook ok ok ok kK ok | | *. | 18 0.652 0.068
| | ok ko kKK k | | | 19 0.636 0.038
| | skookokok sk kK ok | | | 20 0.631 -0.019
Box-Pierce Q-Stat 2046.36 Prob 0.0000 SE of Correlations 0.080

Ljung-Box Q-Stat 2201.64

Prob 0.0000

DC=RC-RC (-1)
IDENT DC

Date: 4-30-1995 / Time: 17:03

SMPL range: 1955.2 - 1994.1
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Number of observations: 156

Autocorrelations Partial Autocorrelations ac pac
| *okkkK | | *HAAK | | 1 -0.367 -0.367
I ook | | ook Ak K | | 2 -0.250 -0.444
| sokokokk | | skokskokskokokkokok ok | | 3 -0.351 -0.931
| | sskokokskokskokokskokk | | skesk sk sk sk ok | 4 0.957 0.543
| *okkkK | | [*. | 5 -0.358 0.079
| *okok | | [ *. | 6 -0.239 0.097
| oAk | | *k | | 7 -0.346 -0.118
| | stk skokskokkkokk | EX3 | 8 0.934 0.134
I Hokokokok | | I | 9 -0.352 0.027
I *okk | | I | 10 -0.229 0.035
| oKk | | o | 11 -0.336 0.024
| | sk skokskokkkokk | k| | 12 0.904 -0.053
I Hokokok | | I | 13 -0.344 -0.019
I *okk | | I | 14 -0.219 -0.025
| skokokok | | | %% | 15 -0.320 0.120
| [ ®okokokkkkkknk | [*. | 16 0.874 0.060
I Hokokk | [ | | 17 -0.342 -0.011
| *okok | | | | 18 -0.209 -0.027
| oAk | | x| | 19 -0.309 -0.066
| | *kokkokoskorknk | *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
I *okok | | okok | | 1 -0.253 -0.253
| | | x| | 2 -0.024 -0.094
| [ okokok | [ kK | 3 0.273 0.261
| ook skok ok kok | | ook skokkk | | 4 -0.504 -0.428
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| S | *ok | | 5 0.051 -0.164
I LS | I | 6 0.069 -0.023
| *k| | | *. | 7 -0.145 0.088
| L | *ok | | 8 0.092 -0.168
| x| | *ok | | 9 -0.043 -0.177
I o | ¥ | 10 -0.077 -0.100
I S | ¥ | 11 -0.017 -0.087
| R | . | 12 0.027 -0.033
| S | | *. | 13 0.106 0.077
| S | x| | 14 -0.023 -0.064
| L | | | 15 0.078 -0.034
| R | | | 16 0.007 -0.009
| k| | | *. | 17 -0.078 0.051
I S | ¥ | 18 -0.003 -0.096
| k| | *ok | | 19 -0.077 -0.136
| B | x| | 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

o4



Number of observations: 152

Autocorrelations Partial Autocorrelations ac pac

*okk | *%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|

| *%
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o
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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 iterations

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
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o
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(@] 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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179 0O0O0OO0OO
O00000: Frequency Domain

1. 000000 (CoOo0oooooUo)Uooo

o0

F)=@m)™" > y(r)cosAr

T=—00
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1710 ARCH O OO

Autoregressive Conditional Heteroskedasticity

1. ARCH (p) 00O
€tl€r—1,€—2, -, €1 ~ N(0, hy)
oood

2 2
he =ap+ o161+ - +ap€e;_,
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2. GARCH ( p,q)

€t‘€t717 €t—2,""",€1 N(07 ht)
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18.1 OO0 (Unit Root)

000000 J.D. Hamilton, (1994) Time Series Analysis,

Princeton University Press

1. 00o00obooooooon
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18.2 O OO (Cointegration)
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19 GMM (Generalized Mothod of

Moments)

1. 000 (Method of Moments):
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20 UOoboooood
1. 0000000 (Panel Data)

2. Discrete Dependent Variable, Limited Dependent
Variable

3. SUR (Seemingly Unrelated Regression model)
4. 00000 (Simultaneous Equation)
5. 00000 (Bayesian Estimation)

6. 00000000000 (Nonparametric Regression)
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