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(y —XpB")'(y—XB") — (y — XB)'(y — XB)
=0 L (y—XB)'(y — XB)
+ (X'X)"'R' (R(X'X)™'R") " (r — Rp) Tk
_ (wur —u'u)/G
ooooooo u'u/(T — k)
oooo
6 DDFDD(DDDDDDDDDD
((y_);f;il(y;i)ﬁ), 0oO00D0000oO0oon)
= y —_ —_ —
. 5 O0000000 (cons99.txt
%(y— X(8" - B) - XP) ( )
~ ~ 1955 5430.1 6135.0 18.1
=-XB)(y—-Xp) 1956 5974.2 6828.4 18.3
SO o e s i
/ , 1959 8019.3 9274.3 19.7
—(y - XAﬁ) X6 ’3) 1960 9234.9 10776.5 20.5
B - B X'(y - Xﬁ) 1961 10836.2 12869.4 21.8
1962 12430.8 14701.4 23.2
x3) X3 1963 14506.6 17042.7 24.9
= - A) (y = XB) R 1964 16674.9 19709.9 26.0
+ (B = B)'X'X(B* - 8) 1965 18820.5 22337.4 27.8
1966 21680.6 25514.5 29.0
1967 24914.0 29012.6 30.1
X'z=00000OO0OO 1968 28452.7 34233.6 31.6
( ) 1969 32705.2 39486.3 32.9
OO0O0O00 1970 37784.1 45913.2 35.2
1971 42571.6 51944.3 37.5
R R 1972 49124.1 60245.4 39.7
(8* — ﬁ)’X’X(ﬁ* - B) 1973 59366.1 74924.8 44.1
N R 1974 71782.1 93833.2 53.3
=(y— X8 (y—XpB*)—(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
ogooo 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

0000000000o0Do0oo0O00 (1000)yoDoooo
OO0 (lo00)00DoUoUoUoOoooooooon (1990 0

=100)

PROGRAM
LINE  skokskokskokoskokokokokokokoksokokskokok ok sk ko skookok sk ok sk o skok sk ko ok ok ok ok ok ook 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=di*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 dcons c;
16 end;
EXECUTION
kKooK K Ko KKK K ok K o KK oK K oK K oK KoK o KoK K oK K o oK K oK oK o K o K K oK K o K

0 N O O WwN

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
C 3281.37 1002.31 3.27383
RYD .150357 .0565212 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 = 0.
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

3k 3k 3k 3k ok 3k ok 3k ok 3k ok sk ok 3k ok 3k ok 3k ok 3k ok 3k 3k >k 5k >k 3k >k 3k 3k 5k 3k ok 3k 3k 3k ok 3k ok >k 3k >k 3k >k 3k >k % %k %k %k %k kK k

1. Equation 1 vs. Equation 2

0000000 (197400000000000000
o0oooooo)o

Equation 2 [0
RCONS = (3 + (32D1 + 3RYD + (34RYD x D1

Ho: Ba=p4=0
OOO0O OLS = Equation 1
0000 OLS = Equation 2
(u*'u* —u'u)/G
u'u/(T — k)

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

=80.43
~ F(2,38)

F(2,38) 000 1% 0 =5.211<80430000
H()Z ﬁ2:ﬂ4:0|:||:||:|

= 19740 0000000000000D00

2. Equation 1 vs. Equation 3
ooooogo

Equation 3 [
RCONS = 3; + [B2RYD + 33RCONS(—1)

Ho . ﬁ3 = 0
0000 OLS = Equation 1
0000 OLS = Equation 3
(u*'u* —u'u)/G
u'u/(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
H()Z ﬂ3:0|:||:||:|

—> RCONS(-1) O RCONSOOODDOOODOOOOO
oood

V163.68 = 12,7938 0O OO0 OO0 RCONS(-1) O
t-statisticUOOODODO
3. Equation 3 vs. Equation 4
gbooooogoo
Equation 3 [0

RCONS = 3; + [B>RYD + B3RCONS(—1)

Ho: ﬁQZOandﬁgzl
0000 OLS = Equation 4
0000 OLS = Equation 3
(u*'u* —u'u)/G
w'u/(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
H()Z ,82:0and,33:1
gboooood



7 00000000 (GLS)

1. Regression model: y = X3 +u, u ~ (0,02%9Q)

2. 0000 (Heteroscedasticity)

o2 0 -+ 0

0 o3 :
0’0 = %

o -0

0O --- 0 U%

0000000 (First-Order Autocorrelation)

U = pus—1 + €, € ~ iid N(0,02)

]_ p p2 PN pT71
p - pt?
2 .  O¢ 2 T-3
o = =2 ,0 P 1 p
pT—l pT—Q pT—3 1

2

g

V — 2 — €

(w) =0 1- 2

.40 CGLSO00 bOODODOO0D00D0OD00DN
min (y — X3)'Q7 ' (y — Xp)
8

GLSE of Bis b .
b= (X'Q7'X)"IX'Q7y

.gooooQoooooooooaeooogoooon
googo

N=AAA
ADDOODO0DOODDOODODOOO0ODODOODADOODOO

gooooooooooa
Q00000000000 0oADODODODOODOOg
0000(@O0000000ooooo0ooO =0
O00002'Qx>000000 QO0OD0)

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

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

We have:

v = XB
where

y* =Py,

X* = P'X, and
u* = P tu.

Note that

V(u*)

= V(P lu)

=P V()P ™"
=g?PlQP " =1,
because (} = PP'.

Accordingly, the regression model is rewritten as:
y = XB+u, uwt~(0,0%)
Apply OLS to the above model. That is,

mﬂin (y* = X*B)'(y* — X*P)

is equivalent to:

m/;n (y—XB)Q~ (y — XB)

b= (X*IX*)—IX*Iy*
— (Xlﬂle)lelﬂfly

b= /3 + (X*IX*)—IX*IU*
— ﬂ + (X*IX*)71X1971U

E(®) =5

V(b) = o?(X*'X*)!
=2(X'Q7'Xx)!



6. 000000

y=XB+u,  u~N(0,0°Q),

gooooooobooooooo
B=(X'X)"'X'y
:ﬂ-i—(X’X)ilXIU

V(B) = (X' X)) X'QX (X' X)!

GLSO OLS 0000
() 0000000
E(8) =8
E(®) =5
00000 p00000000
(b) 00D0DDOO
V(3) = *(X'X) ' X'QX (X'X) !
V() =a*(X'Q7'X)!
000000000000000
V(B) = V(b)
=2(X' X)) X'ax(x'x)"!
—o?(X'Q X))
= ((X'X) X - (X' X)X )
x
x ((X’X)*X' - (X'Q*lx)*lx'srl)'
= 0 AQA’
(M0 «0000000000000000000

0000N=I; 000000 AQA' 00000
00000 BO0O0OODO

7. if u ~ N(0,0%Q), then b ~ N(8,0%(X'Q1X) 1) .
Consider testing the hypothesis Hy : R3 =r .
R:G x k,rank(R) =G <k .

RB ~ N(RB,0?R(X'0V ' X)"'R) .
Therefore,

(RB —r)' (R(X'Q if)’ R) (RB—71) (G

a

16

7.1

(y — Xb)'Q"'(y — Xb)

> ~ (T = k)

8.

a

9. We have:

(RB—1) (R(X'Q'X)"'R") " (RB — 1)
G
(y — Xb)'Q'(y — Xb)
T—k

~ F(G,T — k)

bOOOODODOOODOOOOOoOoOoO»ooooono
gboooooooboooooooooobooooog
00 ede* 0000

e =y — Xb, e =y— X0b*

ooo0oorFOO0OO0OOOOOOOOODODOO
oood

(e*'Q~ter —e'Q7te) /G

O le/(T—k) FGT -k

00 0000 (Theil and Goldberger
Model)

gobooboobooboobo
= 00gooon

r=RB+v, v~ (0,7)
y=XB+u, u~(0,9)
goooooo

()= (z)o=(0)
()~ e)

oboooooooboo

(w32 ()
TEENHING)

= (X'Q'X + RU'R) " HX'Q ly + RT1r)



\qﬁ):<(X’l?)<g ;)1(§)>_

=(X'Q'X +RU 'R)?

8 000 (MLE)

000 = Maximum Likelihood Estimation (MLE)

1. The distribution function of {z;}L, is f(z;0), where
Likelihood func-

x = (z1,---,z7) and 0 = (u, %) .
tion L(-) is defined as L(6;x) = f(z;0) .
likelihood estimate (MLE) of 6 is 6 such that:

max L(6;z).
0

MLE satisfies the following:

Olog L(6; x)
(a) %

0% log L(6; )
(b) 0600

is a negative definite matrix.

=0.

2. Fisher’s information matrix is defined as:

(82 logL(G;w))

16) = - 9000

Note as follows:

(62 log L(6; x) )
!
(6 102%?3; x) 0log L(6; x) )
!
BlogaLew; x) ”
(&)

E

goo

/L(t‘);a?)da: =1

pODODOOOO

oL(O;x) .
/ 50 der =0

(xrOODOAOUOOOODOUOOO oL/ O OO
O0oooooooon)

Maximum

17

gboooooo

dlog L(0;x) .
goooad
Olog L(0;x)\
E ( 50 > =0

ooooenoooOoOO

0 log L(6; x
/%L(O;w)dw
alogL (0;z) OL(6; x)
0’0
0 log L(6; x
/76%966()’ ) (0; x)dx
alogL (0;z) 0log L(0; x)
06’

dx

L(6;z)dz

gogod

_E 0?log L(6; )
0606’

. dlog L(0;x) Olog L(6; x)
B 06 06’

. dlog L(0;x)

‘V< )

gogod

3. Cramer-Rao 00O O I(6):
00600000 s(z) 0000

E(s(z)) :/s(m)L(G;x)da?
pOO0O0O0ODO

06 00

= / s(m)alo%;g;x)L((); x)dx

= Cov <s(a:), %ﬁ)

00000000s(x) 000000000000 00O0

(i



. 2 goooooo
= <Cov (s(az), 78 logaLe(H,m) >

2V (s(a Olog L(0; x) s(x)=0000000007T 0000000V (s(x))
_pv((»v< 09 ) 0 (I(6)) ' 00000

<Vt v (L)

5.000000
DDDDst@)DQﬂE&EQDDDDDDDD dlogL(6;x) _
0000000 -1<p<1 00
_ Olog L(0*; x)
Olog L(6; x) B 06
Cov (s, 53] Plog LB 2) ),
P= Dlog L0 2) ogog 0 %)
o ;T
\/v<s<w>>\/v (Z=572)
09— gt 8 log L(9*;z)\ " dlog L(6*;z)
00oQ B 0006’ 00
OE(s(z)) ? Olog L(#; x) Replace the variables as follows:
Z—\ ) < Zo—=\D) :
< 09 S V(@) v 0
0oooo 6 —s 60t
) 9 —s 60
<ﬁM@D>
00
V(s(z)) > dlog L(6; ) Then, we have:
v (L2 A% 0
(Z=5)
pli+1) — g(i)
E —90000 , - ,
() 9%log L(0'); ) ' dlog L(OY; )
v . 1 ! - 0606’ a0
(s(z)) > Plog L(0.7) = (1(6))
_E(( 2o\ 0
82 — 0000000000
s(zxy 10 000000000000000000 0ooo
V(s(z)) > (1(6)) " PlogL(#5z) o (9 log L(#;x)
0006’ 0006’
. 0000000000000
TO0O00O000O0O0O000 popoooooobd
-1 , .
VTG-6) — N(O, i (19)) > plih) = gt 1
oo (& O?log L(6W;x)\\  Olog L(6;x)
Oooooo 0006’ 00
i i) BlogL(G(i);x)
0000070000000 =0 — (166)) — 0
o~ N (0,(10)7") — 0000
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8.1 JUUOUOUOOobb 200000
goooog

Y = a+ By + uy,
gooon

1., 0000000000000000 us ~ N(0,0%)
oood

2., 000000

flu) =

1 1,
exp | ——=u
2mo? P 202"

O00O00ui,ue,--,ur 0000000000000
000000000000000000000000
ooooo

f(’LLl,UQ,---,’LLT)

= flw)f(u2) - flur)
- 1 e 2
0 (2n02)T/2 P\ T2 ;ut

3. y1,---,yr 00 0000000000000 (u =
yt—a—,@mt)D

fyi, vz, yr)
T
1 1
- oo (g )
= L(O[,ﬂ 0-2|y13y27' v 7yT)
0000 L(a, B,02|y1,y2,--,yr) 000000000
log L(av, 8, 0%|y1,y2,---,yr) 00000000000
logL(a,ﬁ U2|ylay27 e 7yT)

T T
=-5 log(27) — 3 log(c?)
1 T
2
532 Z(?Jt —a— fzy)
20 p

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

dg(2)
dz

‘mwzn@ww

ogooo

00z ~U(0,1) 0000z=—log(z) 00000000

= 1212 (9(2))

= | —exp(—2)|

= exp(—=2)

5. 000000000 y1,ys,---,yr 000000000

000 L(a, B,0%y1,y2,--,yr) 0000000000
0 log L(e, 8,0>|y1,y2,---,yr) 000000000 (
a,B,02)00000000000000( a, B, 0?)

0000000 (& 3,52) 00000

alOgL(a7ﬁ70—2|ylay27"'7yT)

foJe
T

1

— Z Yr — o — fay) =

U :

8logL(a,B,a2|y1,y2, e 7yT)
op

T
Zyt—a—ﬂxt Ty =0

alOgL(a7ﬁ70—2|ylay27"'7yT)

Oo?

T

T1 1 R

= —— —_— — — = 0
552 1 501 ;:1:(‘% o = Bay)

obobooooobooooooboooon

Zthl(wt —T)(yt — 9)
zﬁxm—m2

l‘

Zyt—a—ﬁwt

B=

| |
Q

00000000000000 (OLS) 0000 (ML)
00000 ¢«200000000
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82 [UUOODUOUODLDOUODLD OObUOODOI

1. Regression model: y = X8 +u, u ~ N(0,02I)

Log-likelihood function is:

T
log L(8;y,X) = ~3 log(27a?)

! (y—XB)'(y— X7,

202
where § = (3, 0?) .

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

dlog L(0;y,X)

90 =0

We obtain MLE of 3 and o2 :

B=(X'X)"'Xy,

(= XB)'(y - XP)
T

3. Fisher’s information matrix is defined as:

02 logL(G;y,X))

1) = _E( 0006"

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

trix for unbiased estimators of 6 .

c2(X'X)"" 0
I(G)_l = ( ( ) 20.4>

0 T

83 UU00O0O0OOOODOD ODOOOOOII
1. Regression model: y = X3 + u, u ~ N(0,02%Q)
Log-likelihood function is:
log L(#;y,X) = —%10g(27r02) - %10g|9|
1
—F(y - XB)Q7 (y - Xp),
o

where § = (8, 0?) .

20

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

dlog L(8; y, X)

20 =0

We obtain MLE of 3 and o2 :
5= (vt ey,

= _ = Xp 'y - Xp)
T

3. Fisher’s information matrix is defined as:

9* log L(ﬁ;y,X))

16) = _E( 9006’

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

2(X'Q71X)"1 0
I(t‘))_l = ( 20.4 )

0 T

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

yr = d1yi—1 +ur, u ~ N(0,0%)

Y1,Y2, YT ooooooo f(yTanyla"'ayl) ooo
oo

flyr,yr—1, -+, y1)

T
= ) [T F@elyror, -+ mn)
t=2

ooood
ooooono f(yt|yt717"'7y1) O Dyt = ¢1yt71+ut oono
E(ytlye—1,-+-,y1) = d1ys—1,

V(yelye—1,-- ) =0
oOooood

f(yt|yt—17"'7y1)
1 1 ,
— \/ﬁ exp <_W(yt - (blytfl) )
ooood
000000 f(ylye—1,---,y1) 00000




E(yelyt—1,---,y1)0 856 U0O0U0O0O0O0OO0O0OO bOoOoOooooo

V(yelye—1,--+,y1) ooo
00000 f(ylye—, --,y1) 00O0O0D0
O000000o0ooooooooooonogn
0000000 f(y) OO
Y = 28 + uy
Yt = O1Ye—1 +w

) Uy = puy—_1 + €
= Q1Yt—2 + Ut + dr1ur_1

€ ~ iid N(0,02)

0000
_ it 1
=Gttt druat o G w wrur—1,--,u 00000 fu(s) 0000000000
: ooooo
— 2
_Ut+¢1Ut71+¢IUt72+“. logfu(uTaqula"'7ul;p7052)
0ooo T
B(y,) = 0 =log f(u1;p,07) + Y _log f(us|us—1,- -, u1;p,07)
) 9 t=2
(o2
A% =21+ P2 +or+--)= , 1 1
W)= (Lt o+git)=1"5 3 —5log<2m?/<1—p2>> ) 2)1@
00000000
1 1 2) T 10 (2
e (S - g(2mo? Z — puy_1)
) = =) ( 2071 —g0) " 22 5
0ooo 0000
gooooo ur,ur—1,-,ur 00 yr,yr—,---,y 000000000

gooooooo
y17y27"'7yTDDDDDDD f(yTanyla"'ayl) oo

ﬂWWTh“WM)

—fm]Imel,,m)

t=2

Lip,o?, Biyr, yr—1,**, Y1)
=1log fy(yr,yr—1,- -, y150,02, B)
=log fulyr — 27B,y7-1 — 27153,

1 , ey — B p, 07
T Vi) P (‘W“)

Ou
dy

= 2 log(2m0?/(1 — 7))

T
1 1
X H exp <_—(yt - ¢1yt—1)2> 1
A/ 2 20’2 - - _ 2
t=2 2o 20_62/(1_p2) (yl xlﬁ)
agood

googoboogon

- 1
10g(27mf)

L(¢1,0”;yr,yr—1,*, 1)

(lh PYt—1) (t-—pwra)ﬁ)2

1 2 2 1 2 20-€2t2
=73 log(2mo”/(1 - ¢1)) — W?ﬁ 1
. =-3 L log(2ma?) + 5 log(1—p?)
— lo 2m0?)
2 222% Site1)” P2y1—\/1—P2$15)2
oooo r-1, (2r02)
- (0] e
gogooobbbooooooobbbbogo 2 & €
T
-l1<p< 100000000 001000000 (grid 1 ( 2
Yy — pTi @
search) 00000 203; = pye-1) = (@ = i)

21



T 1
=-3 log(2ma?) + 3 log(1 — p?)

0000y, z; D000OO0OODOOOO

. JV1=p%y, fort=1,

v — PYt—-1, fOI‘t:2,3,"',T,
. V1= p?z, fort=1,

xTr, —
¢ Ty — pre—q, fort=2,3,---,T,

0 400000L(p,o2,B5yr,yr—1,- -

T
A= ai'z))” Z z;'yP)
t=1

— (X*IX*) lX*Iy*

,y1) 00000

= 00000 y*=X"08+¢€, €~
oooooooooo

N(0,0%Ir) DOOO

0 ¢2 00000 L(p,0?, By, yr—1,---,y1) 00000
= 1S i
1 * * 1/ % *
= 27— XB) ("~ X7)
ogood
i 1—p*y
. Y5 Y2 — Py
y'=(".|= :
(7 YT — pyr—1
x7 V1= p%x;
. x5 To — pT1
Tr = R = R
Ty TT — PTT-1
oood
0 pOO000 Lip,0?,Biyr,yr—1,---,y1) 00000

ng@,“ﬁw

|

max L(p, 52, 3; y)

|:|p|:| ood

L(p, &E,B;y) 0000000000 (concentrated log-
likelihood function) 00 OO OO

oooo
L(p,57,B;)

T T 1

= —7 log(2m) — 7 log(6?) + 3 log(1 — p°)
2 2 2
T
2
T T

=-3 log(27) — 3

T [, 1 )
—5k%@AM)+5bdl—p)

0pO0000000000
— 00000000000000000000
o> =0o2(p) 000

8.6 LUUbOUOUObbObObbOObLbOO

gobooboobooboobooboobo

Y = 28 + uy

we ~ iid N(0,07)

Ut2: (2e0)”
oood
ur,ur—1,---,uy 00000 f,(;-) 00

2

logfu(uTaqula T 7u1;0t)

T
= log fu(us; 07)

t=1

:_—log(27f)—_10g(”t _%XT:< )2

=2

ZT: <zto¢>2

t=2

m

l\DI»—l

T T
=-3 log(27) — 3 log(z;x)?

ogooo

ur,ur—1,+-+,ur 00 yr,yr—1,- -
goooooono

,ypr 0oogoogod

L(o}, B3y, yr—1," "1 Y1)
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= lngy(?JTanyla e 7y1;ataﬁ)
=log fulyr —z7B,y7-1 — 2710,

Oou
U —$1ﬁ;0t2) O

Jy

T 2
T T ]. yt—xtﬂ
= — " log(27) — =1 2__§ 2t e
2 0g(27) 2 og(z1) 2t:2< Zia )

— 8,0000000

9 Oood

1. 00: 0000

0000000 =z, 20, ---00000 F, Fy,---0
O0ooooooon

lim F} = F
t— o0

00000o00oD0Do00n0og zy,z, -+ 0 FOOO
00 (convergence in distribution) 00 0000

2.0000000

(a) 0000000
{zr: T=12,..)000000000000
obo0o0ooooboboobooboooObezr O
f 00000 (convergence in probability) O O
googo

lim Prob(jzr — 6] <€) =1,
T— o0

gdbUdedbogoooonboOO
000000 60 2 ODOOOO (probability

limit) 0000
plim z7 =6,
ogooooooo

(b) / 000000 ¢ 0000000000 DOO0
90 AOODOO0DOODOO0G, 0 AOODOODO
O (consistent estimator) 000000000

3. Chebyshev 0O OO0
g(X)>000000

E(g(X))

Prob(g(X) > k) < ’

go0o0oooook0ooooooooo
oOogd
gX)>k000U=10g(X)<kDOO0ODOU=00
O0o0oo0o0 Uvoogoooooooooooggg
oOogd

9(X) > kU
O0000000oOooooood

E(g(X)) > kE(U)

O000EW)O00000

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

gooogo
E(g(X)) > kProb(g(X) > k)
ooo

E(g(X))

Prob(g(X) > k) < ?

gogod

. 000000 X00000g(X) = (X —p)(X —p)0

EX)=pOVar(X)=X000000O

tr(X)

Prob((X = (X = ) > k) < 7

ggoooobogo

gbooooooon



5. 00O

0000 X; ~ (p,02),i=1,2,---,T
o000 X 0O pO0O0o0ooooooo
ooo
Chebyshev OO O OOOOOOOO
g(X) = (X—p? &=k

— _ o2
B(o() =V(E) =%
O000000T —m oo OO0

2

g
<——0

P(|Y—/J| ZE) — T€2

oboooo0ooodg egbooOnO

lim P(|X —p|<e)=1

T—o0

.ooo

zxr 0y 0000000

plim z7 =¢,plimyr =d 0000
ooooo

plim (x7 +yr) =c+d
plim zryr = cd
plim z7/yr =¢/d, 0000d #0

plim g(zr) = g(¢), D000 Og(-) DOOOOO
ggd

= Slutsky’s Theorem

. Lidberg-Levy Central Limit Theorem

x1, To, -, e 000000002, ~ (pX)0DOOO
00000 (independent and identically distributed,
000000

T
== — NO.5)

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

oood
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10.

11.

12.

13.

14.

xy, o, -, xp O0000000x ~ (pE,) OO0
goooooooo

T
=@ — N

ogood
1 T
ogood

00: 6060000000000 VT(@r—6)0
N(0,)000000000000000000670
0000 N6,%/T)0000000

00: 003000000000000060, 0 con-
sistent uniformly asymptotically normal O 0O O 0O O
oooo

(a) 6 0000000

(b) VT(6r —6) 0 N(0,£) 0000000

(¢ DOOOOODO

Oo0: §T a §T O consistent, uniformly, asymp-
totically normal 000000000 ¥/T,Q/T 00
0000000 -X000000000 (positive

semidefinite) 100008 008 000OO0ODOD
000 (asymptotically efficient) 00O O

oo:
totically normal estimator O 0 0 O O asymptotically

0000000 consistent, uniformly, asymp-

efficient 0 000 00O consistent, uniformly, asymp-
totically normal estimator 000 0O O O (asymptoti-
cally efficient) 00000000

asymptotically efficient 00000000

consistent, uniformly, asymptotically normal estima-
tor U0 OO OOO0OO0OD0OO0ODO0OOO0O0Oooga
Jd0d0oooooOoOoOoOoOooooooooooo

21,22, ,op 00000 f(z;0) 00O00O0O0DO
|:||:||:||:|§T O eO0000DODOODOOODOOOO
0000 (regularity conditions) 0O OO 06; O
$ 00000000 DO0VT@ -6 000O0DO

N <O,Iim <@> _1> oooo



15. Regularity Conditions OO OO

(a) 2, 0000 000000

(b) f(z;6) 00 0000000000 30000
000000000000000000

16. 000DOO000oOooOoooo

(i) consistentO
(ii) asymptotically normall

(iii) asymptotically efficient,
oood

17. Slutsky’s Theorem

$09000000000000000000¢®H) 0
¢() 00000000000000g 0 well-defined

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

é\179\27"'7é\k O 917927"
ood

, 0, 0000000000

a1 = a1(917027"'79k)7 O = a2(917027"'79k)7 )
a = ag(61,02,---,0,) 0000 10 10000000
000O00ai, as, -+ ap 0000000 & =
a1(917027"'79k)7 a2 = a2(917927"'79k)7 o

a(B1,0s,---,6,) 0000

Yy O =

10 ODODOOObObobooooooood
HEN

1. 7T 0000000000000000000 Br =
(X'X)"'X'y 0000000000 7000000
00000 8y 0 00000000000000

2.00000D00000OO

1
=X'X — M.,
T

googooo
ooooo

1
TXI’LL — 0
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gooooo
ooo

0000000000 (Chebyshev’s inequality) OO
000g(x)>000000

E(g(x))
k

Prob(g(z) > k) <

000ddoDoOrk0O0000O0OOoDoO
1
DDDDI‘:>TX,’U,,

O00Oyg(zx) =2 00000000000000COO
gooono

o2 1
T tr(oX'X
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H@«lXMYle>k)<£:leW)
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1

—X'X — M,,

T
ooo

1 U -1 -1

(=X'X) — M,
T
0O 000 = Slutsky’s Theorem
(*) Slutsky’s Theorem

9 — 6000090 — g®) 0000

.ooooboogooo

Br=8+(X'X)"'X"u
1o,o 1o,
=B+ (TX X) I(TX u)

oooooood
BT—)ﬂ+Mov_x1X0

— B

.0000000000000 ()00000000 (i)
00000000 (i) 000 0000

6. Asymptotic Normality of OLSE

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

2,2,z 0000000000 p000 5,
000000000000

T
=3 e—) — NO.D)

good
3y 1 1 ¥
= Jim |7 %
t=1
good

xz UOODOODODODOOOOOOOoODODOOO
(b) Zt:l'tUtDDDDDEt:OQI'QZ'tDDDD
(¢ DOODOX0O0O000O0OO0O0OOOO

T

: 1 2.1

Z:hm—g o T, Ty
T—)ooiz—‘t1

=¢? lim =X'X

T—oc0

=0’ M,.,
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11.1

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

1 & 1
— zuy = —=X'u
VTZ;tt VT
— N(O,02Mm)
gooog
N 1 -1
VIG5 = (75'x)

oood

X'u

3/~

VT(B-8) — N(0,0>M;})

Ub0b00= 000000000000 00
v, 0000000000000O0

Jogog

gooo

Errors in Variables

1. 0000ogo

y=XpB+u

.0000oooobo

X=X+V

V: 000000000 (Measurement Errors)

. XOoooooooooobooooovoboo

ubobooooooobo

.000oo0obooooon

y=Xp+(u—-Vp)
4000000000

B=(X'X)"'X'y
=B+ (X'X)le'(u -Vp)

.0o0o



() X0O0OOOOOOO XO00000oooooo 0000p,¢*0 7 0000000000
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1
1~ Q = plim <fV'V>
plim <—X'V> =0
! ) (0 1o )
= plim )
oooo 0 =D v

0 0
plim (XX - <0 2)
T Tv

1o, 1
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T T
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(b) 00D «0 XOODOOODODOD0DD00 u a
0000 X0OO0oOooooo :<g>
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COR (G el (o )
. 15, 0 O «@
plim <TX u) =0 X <0 oﬁ) <ﬂ>

[« 1 —poyf
6. 3000000000 _<ﬁ>_02+03<035>
B=B+X'X)"'X"(u—-Vp) 400000
=B+ (X'X) (X + V) (u—VB) ~ 23
pllm(ﬂ)z,@—o2+03
oooo 3
-~ 1+02/02

plim 3=4— (S + Q) 'QB

11.2 0JOOdd
.00 200000

Instrumental Variable (IV)

1. 000000y =XB+u, u~ N(0,02) 00000
e = a + B + uy E(X'v) #0000000000000000000

~ gog
Ty = Ty + Uy

2. 0000000000DO0O00O0O00DO0DOAO

goooooooo . 1 1
— _XIX*l_XI
B = Bt (FX'X) o X

1, _
¥ = plim <?X'X> — B+ M, My,
1 L
T t
= plim ( 1 1 ) 1,
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DI DI T

1 I 1
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1
3. TZ'u — M., =0000000 XOOOOOO
z0OOOoOooo

ooo0 Z0o0boog
Z'y=7'XB+Z'u

OO000000 T7T00000plim 000

1 1
plim (TZ'y> = plim <TZIX> 1)

1
+ plim <TZIU,>
. 1,

= plim TZX B
oooooo

1 - 1

8= <plim <fZ'X>> plim (iZ'y>

goooaao

Brv =(Z'X) 7'y

OpgO0O00000ODOO
= 00o0o0d

4. 0000000
1Z'X—)M
T zx

1
—7'7 — M..
T

1
7 7u—0
5 By 000

Brv
=(2'X)"'Z"y
=(Z'X)7'Z'(XB +u)
=B+ (2'X) 2

VT (Brv —j)
) (e
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Central Limit Theorem OO OO OO
1

VT
gOooOod

- (23] ()

— N(0,0*M_'M.. M., )

Z'u — N(0,0°M..)

ogooo
— 0000000ooo

. Central Limit Theorem: Greenberg and Webster

(1983)

21, 22, -, 2 0000000000 000 5, O
00000000000

T
=S —w) — NOD)

ogooo
obooooooooboooooon

.p/ry 00000O0DODOO0DOOOOO

V(Brv) =s*(Z'X)"'Z2'2(x'Z)!

goono
$2 — (y — XBrv)'(y — XBrv)
T—-k
good

11.3 20000000

1. 000000
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goooo
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1
2. TZ'u — M., =0000000 XOOOOOO
z0OOOoOooo

3. 7=X000OOOOOOOOOO0OOXO XO000

000 (00OwW)00o00000o0o0ooooooo

ooooO
X=WB+V

OOoOBOO0OO0OO0
X =WB

00000000B=WW)'w'X0000
ooooo

X=WWw)"'w'x
00000 ZO0OOOOOO

4. 000000

Brv = (X'X)"'X'y
= (X'W(W'W) W X) T XW(WW) Wy

ooooo

Brv
= B+ (X'WW'W) " W X) T XW(WW) " W

agood
VT (Brv - B)
(o) ) )

% lX’W lWIW - LWI
T T VT ’
E— N(O, (MzzMz_leaIvz)_l)

N~

5, DOOOoOwWO «O000D0O0O

1
plim (TWIU> =0

X'WWw)'w'x
=X'WWW) 'W'WW'W) 'w'x
X'X

12 0O0O0O4doOd
12.1 Wald, LM, LR 00O

f: Kx1

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

f: Kx1

The null hypothesis Hy : h(8) =0

0* : k x 1, restricted maximum likelihood estimate
9k x 1, unrestricted maximum likelihood estimate

I1(0) : K x K, information matrix

B 0?log L(9)
H”“_E( 600" )
log L(0) : log-likelihood function
Rozazélg) G x K
_ OlogL(f)
9 = 20 K x1

~

1Jwmamm:wuzmm%%ﬂm@)&Rg*mm

~

@)M&zM@+%%2w—®
oooo
n@ ~ 295 _g)
= R0 - 9)

(b)gDDDDDDDDDDDDDDDDDDDD
—1
VT@—@)—%.N(QHm(%?) )

@G-0) — N(Q(Hmy*)
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(c)

(d)

2. Lagrange Multiplier 0 0 : LM = Fj. (I(6*))”

(a)

~

h@) 00000

h@) — N (0,R;(16) " RS)

X} 00oooooo

h@) (B;(10) ' BY) h@B) — (G)

~

0oooI(d) — I(9) 000 (0000000
0 O O convergence in probability)O

~

W@ — (G)

A~ -1

h@) (R(1))
ogooog

R5)

1
Fy-

Ke)=000000000

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

L =log L(#) + Ah(6)

gboooooo

OL _ 0Olog L(6) N )\Bh(G)
o8 08 06
oL
o h(0) =0
Olog L(6)
00

o (2820 _,

=0

googoood

06

gogod

goobgoood

Olog L(6)
06
pgoogd

0log L(6) —10log L(0) 5
—ag 10) —p— — X(@)

oooooooooooooooooer — 0
ooood

— N(0,1(9))

Fp (167) "' Fpe — X2(G)

gogod

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

A= 2O
L®)

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

4. All of W, LM and LR are asymptotically distributed
as x?(G) random variables under the null hypothesis

5. 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 JO00OO0O0OOooOooOO
00000000 (cons99.txt)

19556  5430.1 6135.0 18.1
1956  5974.2 6828.4 18.3
1957  6686.3 7619.5 19.0
1958  7169.7 8153.3 19.1
1959  8019.3 9274.3 19.7
1960 9234.9 10776.5 20.5
1961 10836.2 12869.4 21.8
1962 12430.8 14701.4 23.2
1963 14506.6 17042.7 24.9
1964 16674.9 19709.9 26.0
1965 18820.5 22337.4 27.8
1966 21680.6 25514.5 29.0
1967 24914.0 29012.6 30.1
1968 28452.7 34233.6 31.6
1969 32705.2 39486.3 32.9
1970 37784.1 45913.2 35.2
1971 42571.6 51944.3 37.5
1972 49124.1 60245.4 39.7
1973 59366.1 74924.8 44.1
1974 71782.1 93833.2 53.3
1975 83591.1 108712.8 59.4
1976 94443.7 123540.9 65.2
1977 105397.8 135318.4 70.1
1978 115960.3 147244.2 73.5
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 CONVERGENCE ACHIEVED AFTER 7 ITERATIONS
1993 272075.3 317021.6 105.9

1994 279538.7 325655.7 106.7 Dependent variable: RCONS

1995 283245.4 331967.5 106.2 Current sample: 1955 to 1997

1996 291458.5 340619.1 106.0 Number of observations: 43

1997 298475.2 345522.7 107.3

uooooooooooooooon (1ODD)DDDDD Mean of dependent variable = 13685.2
aod (10 oo )|:| gobooooooooogo (1990 O Std. dev. of dependent var. = 5495.11
::100) Sum of squared residuals = .145807E+09
Variance of residuals = .355627E+07
PROGRAM Std. error of regression = 1885.81
LINE  sokokokskokskokoskok ok kokoskok ok skokoskok ok ok sk skokoskok sk okok ok skok sk sk ok ok ok skok sk sk ok R-squared = .885040
| 1 freq a; Adjusted R-squared = .882236
| 2 smpl 1955 1997; Durbin-Watson statistic = 1.38750
| 3 read(file=’cons99.txt’) year cons yd price; Rho (autocorrelation coef.) = .945024
| 4 rcons=cons/(price/100); Standard error of rho = .040839
| 5 ryd=yd/(price/100); t-statistic for rho = 23.1405
| 6 lyd=log(ryd); F-statistic (zero slopes) = 315.621
| 7 olsq rcons c ryd; Log of likelihood function = -385.419
| 8 arl rcons c ryd; (Statistics based on original data)
| 9 olsq rcons c lyd; Mean of dependent variable = 146270.
| 10 param al 0 a2 0 a3 1; Std. dev. of dependent var. = 79317.2
| 11 frml eq rcons=al+a2*((ryd**a3)-1.)/a3; Sum of squared residuals = .145826E+09
| 12 1sq(to0l=0.00001,maxit=100) eq; Variance of residuals = .355672E+07
| 13 a3=1.15; Std. error of regression = 1885.93
| 14 rryd:((ryd**aS)—l_)/aS; R—squared = .999480
| 156 arl rcons c rryd; Adjusted R-squared = .999467
| 16 end; Durbin-Watson statistic = 1.38714
EXECUTION
ek ok sk fskok ok skok sk o sk ok sk ok sk o ks sk sk ok sk s ko sk ko sk ok sk sk ko o ok Estimated Standard
Variable Coefficient Error t-statistic
Equation 1 C 1672.37 5919.24 .282531
============ RYD .840011 .025263 33.2501
Method of estimation = Ordinary Least Squares
Equation 3

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

(Statistics based on transformed data)

Method of estimation = Ordinary Least Squares

Dependent variable: RCONS
Current sample:
Number of observations: 43

1955 to 1997

Std. error of regression = 5624.36 Mean of dependent variable = 146270.
R-squared = .995092 Std. dev. of dependent var. = 79317.2
Adjusted R-squared = .994972 Sum of squared residuals = .256040E+11
Durbin-Watson statistic = .115101 Variance of residuals = .624487E+09
F-statistic (zero slopes) = 8311.90 Std. error of regression = 24989.7
Schwarz Bayes. Info. Crit. = 17.3970 R-squared = .903100
Log of likelihood function = -431.289 Adjusted R-squared = .900737
Durbin-Watson statistic = .029725
Estimated Standard F-statistic (zero slopes) = 382.117
Variable Coefficient Error t-statistic Schwarz Bayes. Info. Crit. = 20.3798
C -2919.54 1847.55 -1.58022 Log of likelihood function = -495.418
RYD .852879 .935486E-02  91.1696
Estimated Standard
Variable Coefficient Error t-statistic
Equation 2 C -.115228E+07 66538.5 -17.3175
============ LYD 109305. 5591.69 19.5478

FIRST-ORDER SERIAL CORRELATION OF THE ERROR
NONLINEAR LEAST SQUARES

MAXIMUM LIKELIHOOD ITERATIVE TECHNIQUE

31



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

Std. error of regression =
R-squared =

Adjusted R-squared =
Durbin-Watson statistic =

Equation

146270.
79317.2
.590213E+09
.147553E+08
3841.27
.997766
.997655
.253234

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

32

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

3k sk ok ok ok sk sk ok ok sk ok sk ok sk ok sk ok sk ok sk ok sk sk ok sk sk ok ok sk sk ok sk sk ok sk sk ok ok sk ok ko ok ko ok sk ok ok kok ok

1. Equation 1 vs. Equation 2
oooooooo

Equation 2 [0

RCONS; = 31 + B2RYD; + uy,

U = PpUL—1 + €t, € ~ iid N(0,0’?)
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1. SARIMA( p,d,q)
HLYALAy, = 6(L)e,
gogd

Agye = (1= L)y
=Yt — Yt—s

000000000 s=4000000000 s=12
oood

17.7 0OO0OO

1. AR(p) D000y = d1ys—1+ - + SplYi—p + €

() 0000000

E(yerellt) = Yttk|t

Ytk = Q1Yeqkh—1+ = + OpYttbh—p + €4 00

obooooooobo

Yerklt = P1Ysqr—1)t + 0+ OpYerk—ple
D000 s<t0000 g =y, 0000

(by 00D0O0O0O0ODO0O0O0OOOOOOO

2. MA( q) DDDDyt:€t+01€t—1+ +0q€t—q

() 000000000 &, ér—,---, 6 0000

(b) Yt =€+ 6161 + -
€vk +O1€4p—1 + -

(¢ 00DODODOO

. +0q€t—q ooog Dyt+k =
+ 0q€t+k—q oood

Yerklt = €kt T 01604011

+ - +0q€t+k7q|t
Dbb0Os>t0000 e,=00000000

s<t0000 e =6 0000

3. ARMA(p,q) D000y, =1y 1+ - +plep+
€ + 91€t,1 + -+ 0q€t7q

+ OpYtrk—p + €tk +
+ 9q€t+k_q

(@) Yirk = O1Yegr—1 +
Oretpr—1 + -+

(by 00O0DO0DO0

Yerklt = P1Yerk—1)¢ T + PpYitr—plt

+ €pre T O1€ k1 T o+ Og€ipr_g

00000000 s <¢t0000 y, = 0
€ =60000s>t0000¢,=00000

17.8 00O (00O, Identification) 00000

1.d,s00000AIC(0000OSBIC) 000 p,g 00
ooooo

(a) AIC (Akaike’s Information Criterion)

2
AIC =logs® + M
T
(b) SBIC (Shwarz’s Bayesian Information Crite-
rion)
(p+q)logT

SBIC = log s®
ogs” + T

2. 00000000 p(n), r=1,2,---, 0000000
p,d,q,s 0000000

AR(p) OO0 MA(q)OOO
oooo |00 p(k) =0,
oo k=q+1,q+2,
ooooo | e, k) =0, 0o
oo k=p+1,p+2,---

() 0000000000 Agye 000000 Ay
gbooboooooboobooobooog sd
O00000O0o00oooUoo 1-Lf)o0ooo

(b DOOODODOOOOODOOOOOODOOOOOO
obOooOooobooooono -rOo0b0O0obOoon
ooooboooooobooogo

(¢ AROOOOODOOODOOOOOOOODOOOO
gooboobd ro0obooobbgoobo
googobooobooboobgooobg

(d)y MAODOOOOOODOOOOOOODOOOOO
ooooooobooooobooooooboonoo
gboooooboooooboobooooog



000000 (00o0oo198s000)

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

SMPL range: 1955.1 - 1994.1

Number of observations: 157

ARIMA 00O0O0O0O0O0O

17:03

Autocorrelations Partial Autocorrelations ac pac
| | o ok sk ok ok ok ok ok ok k| | kskkkkkkkkkkkk| 1 0.970 0.970
| | okokskokok ok kR kkok | | *. | 2 0.947 0.096
| | sk kokok ok kok ok kok k| | % | 3 0.934 0.168
| [ ok ko ko Rk | | #kx | 4 0.932 0.244
| | oksksksok sk ok kokok | ®ksokokok | | 5 0.902 -0.427
| | #okkokokokoskkokkk | | *. | 6 0.879 0.094
| | #okkokokokoskkokkk | | *. | 7 0.864 0.085
| | ook kokskoskkoksk k| N | 8 0.861 0.073
[ | kokskokokok ko bk | *kokk | | 9 0.830 -0.280
| [ ko ok ok ok ok ok ok ok [ | *. | 10 0.805 0.084
| [ ok o ok ok ok ok ok ok ok [ | *. | 11 0.790 0.062
| [ 3 o o o ok ok o ok [ o | 12 0.786 0.022
| [ sk krkokkkk | *k | | 13 0.755 -0.181
| [ ok ok ok ok ok ok ok ok [ | *. | 14 0.730 0.072
| [ ok ok ok ok ok ok ok ok [ | | 15 0.714 0.026
| | 3k o o o ok ok ok ok [ | | 16 0.708 -0.018
| [ ok o ok ok ok ok ok ok [ k|, | 17 0.677 -0.127
| | sk ok ok ok ok ok | [*. | 18 0.652 0.068
| [ ko ok ok ok ok [ | | 19 0.636 0.038
| [ ko ok ok ok 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:

SMPL range: 1955.2 - 1994.1

17:03

92



Number of observations: 156

Autocorrelations Partial Autocorrelations ac pac
| KKKk K | | *okokokok | | 1 -0.367 -0.367
| *kok | | *okokokok ok | | 2 -0.250 -0.444
| *okok Kok | | okkoskok ok ke ok ok ok kok ok | | 3 -0.351 -0.931
| | sk ke sk sk ok ok ke ok ok sk ok | | sk sk sk ok e ok sk | 4 0.957 0.543
I ok ok ok | I [*. | 5 -0.358 0.079
| okok | | [*. | 6 -0.239 0.097
| *ok kK | | ®k | | 7 -0.346 -0.118
| | skt kokk ok kok ok kok k| | % | 8 0.934 0.134
| KKK KK | | | | 9 -0.352 0.027
I kkk | | I | 10 -0.229 0.035
| *okokok | | o | 11 -0.336 0.024
| [ skookskk ok e kokok ko k| K3 | 12 0.904 -0.053
I ke | I I | 13 -0.344 -0.019
I ek | I I | 14 -0.219 -0.025
I ok ko | | [ %% | 15 -0.320 0.120
| EELLELELTEL I [*. | 16 0.874 0.060
I ke | I I | 17 -0.342 -0.011
I ek | I I | 18 -0.209 -0.027
| *okokok | | Sk | 19 -0.309 -0.066
| | kokoskkok kokok kok k| *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
| KAk | | *okok | | 1 -0.2563 -0.253
I Sl | x| | 2 -0.024 -0.094
I | okokk | L | 3 0.273 0.261
| sokkokkkk | | Hokkok Kok | | 4 -0.504 -0.428
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| | *. | ok | | 5 0.051 -0.164
| LY | | . | 6 0.069 -0.023
| ok | | [ *. | 7 -0.145 0.088
| SR | ok | | 8 0.092 -0.168
| x| | ok | | 9 -0.043 -0.177
I ] I ] | 10 -0.077 -0.100
I I I ] | 11 -0.017 -0.087
| | . | . | 12 0.027 -0.033
| | *. | LR | 13 0.106 0.077
I I I k| | 14 -0.023 -0.064
| [ *. | | | 15 0.078 -0.034
| o | . | 16 0.007 -0.009
| x| | LR | 17 -0.078 0.051
I I I ] | 18 -0.003 -0.096
| x| | ok | | 19 -0.077 -0.136
| | | k| | 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 iterations
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
| dokok | | dokok | | 1 -0.236 -0.236
I I . I k| | 2 -0.033 -0.094
I | *x I | x | 3 0.150 0.127
| k| | o | 4 -0.099 -0.037
| x| | k| | 5 -0.063 -0.090
I I I k| | 6 0.014 -0.051
| *ok| | *ok| | 7 -0.117 -0.123
| N | [*. | 8 0.103 0.068
I ] I I | 9 -0.047 -0.024
I *| I *| | 10 -0.105 -0.109
| K| | *ok| | 11 -0.052 -0.165
| [*. | [*. | 12 0.107 0.058
I SIS I S | 13 0.047 0.133
I ] I k| | 14 -0.083 -0.047
| . | x| | 15 0.028 -0.063
| N | [*. | 16 0.095 0.040
I ] I . | 17 -0.103 -0.037
I I I k| | 18 -0.031 -0.056
| K| | ok | | 19 -0.091 -0.151
| [*. | | | 20 0.092 0.038
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
| | | | | 1 0.022 0.022
| [ . | [ . | 2 0.006 0.006
I ek I L | 3 0.133 0.133
I k| I S| | 4 -0.061 -0.068
| | | | | 5 0.028 0.031
| o | o | 6 -0.001 -0.021
| x| | x| | 7 -0.081 -0.065
| [ *. | [*. | 8 0.088 0.083
| | | | | 9 -0.021 -0.021
| *ok | | Sk | 10 -0.121 -0.1086
I k| I S| | 11 -0.046 -0.072
| [*. | | %% | 12 0.092 0.122
| N | BER | 13 0.077 0.098
I k| I S| | 14 -0.069 -0.084
I I I I | 15 0.017 -0.000
| N | BER | 16 0.055 0.041
| x| | Sk | 17 -0.087 -0.083
I k| I S| | 18 -0.073 -0.081
I k| I S| | 19 -0.090 -0.072
| [*. | [*. | 20 0.050 0.072
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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19 GMM (Generalized Mothod of

Moments)

1. 000 (Method of Moments):
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1.

2

3

0000000 (Panel Data)

. Discrete Dependent Variable, Limited Dependent
Variable

. SUR (Seemingly Unrelated Regression model)

4. 00000 (Simultaneous Equation)
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6.

. 00000 (Bayesian Estimation)

00000000000 (Nonparametric Regression)
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