




























































Supplementary Tables for

Large Shocks, Sma1l Shocks, and Econouic Fluctuatlons:
Outliers in Macroeconomlc Time Series

Nathan S. Balke

and

Thornas B. Fomby

General  Notes:
We enploy tlro tests for GARCH. The fi-rst ls the Lagrange Multiplier

(LM) test for GARCH(o,q) versus the null of houoscedastlc lty. This is the LM
test descrlbed by Engle (L982). The tesr srarisric is given by T*R2 where the
Rz tern is fron squared residuals resression and T is the number of
observations. This test is asymptotically dlstrlbuted f with q degrees of
freedom. We also use the Likelihood Ratio (LR) test for cARCH(p,q) versus the
null of homoscedas ticity. We use the LR test for testing for GARCH in the
residuals of the basic ARI roodel since we are also interested ln estimating
via maximinum likellhood a particular GARCH roodel. Ite use the LM test to test
for GARcH(o,q) in the intervention model slnce all we wish to do is determlne
whether ARCH type behawior is stil l present the residuals of the intervention
model .

The BDS statlstics are calculated using the residuals of the Basic and
Outlier models and the standardized reslduals of the ARCH nodel. Under the
nul l  o f  l ineat i ty  the as)mptot ic  d is t r ibut ion of  the BDS stat is t ics fs  N(0,1) ,
Ttre first row corresponds to the BDS staElstlcs wlth "e" set equal to one
standafd deviation of the residuals, The second rord corresDonds to an "eu set
equal  to  0.5 s tandard deviat ion.



Table Al
ARI and Intervention Models for real GNP

Bas ic ARI I'lodel

Agnp.  -  0 ,004 + 0.323 Agnp"_,  + 0.132 Agnpt_2
( 0 . 0 0 1 )  ( 0 . 0 7 7 )  ( 0 . 0 7 7 )

SEE :  0 .0100,  kur tos is  :  3 .91-0,  skewness *  0.028

First ten autocorrelati.ons of squared reslduals:
0 . 0 8  0 . 1 1  0 . 0 4  0 . L 0  - 0 . 0 5  - 0 . 0 0  - 0 . 0 1 -  0 . 0 1  0 . 0 1  - 0 . 0 4

Lj  ung-Box Q for  squared res lduals :  Q( f2)  -  6 ,273 (p -  0 .9017)
L R  T e s t  f o r  c A R C n ( O , 1 )  -  1 . 8 8 8  ( p  -  0 . 1 5 9 )
L R  T e s t  f o r  G A R C H ( 1 , 1 )  -  5 . 7 9 8  ( p  -  0 . 0 5 5 1 )

Test  for  nonl inear l ty  in  the res iduals :  BDS stat is t ics
Enbeddlng dirnenslon 2 3 4

B D S ( e : 1 . 0 )  0 . 9 5  L . 8 2  2 . 3 3
B D s ( e - 0 . 5 )  O . 4 6  0 . 5 4  0 . 0 3

Outlier,/Intervention Model

Agnp.  -  0 .004 + 0.377 Agnp._,  + 0.113 Agnp._2
( 0 . 0 0 1 )  ( 0 . 0 7 4 )  ( 0 . 0 7 4 )

+ 0.039 IO1950QLt -  0 .030 AOl980Q2t
( 0 . 0 0 9 )  ( 0 . 0 0 9 )

S E E  :  0 . 0 0 9 3 ,  k u r t o s i s  -  2 . 8 0 1 ,  s k e w n e s s  :  - 0 . 1 1 1 "

First ten autocorrelations of squared residuals:
0 . 0 9  0 . 0 8  0 . 1 6  0 . 0 2  - 0 . 0 2  - 0 . 0 0  - 0 . 0 8  0 . 0 4  0 . 1 - 0  0 . 0 9

Ljung-Box Q for  squared res lduals :  Q(12)  -  L3.L1,9 (p -  0 .3605)
L M  T e s t  f o r  G A R C H ( o , 3 )  -  6 . 0 1 1  ( p  -  0 . 1 1 1 L )

Test for nonlinearity in the residuals: BDS statistics
Enbedding dfunenslon 2 3 4

B D S ( e - 1 . 0 )  O . 4 4  l . 0 l  1 . 5 1
B D s ( e - 0 . 5 )  - 0 . 4 7  0 . 3 1 -  - 0 . 1 9

Notes:  Data are in  logar i thns.  Sample per lod is  L947Q4-L990Q2.
I o d a t e t  - 1 i f  r - d a t e ,  A O d a t e .  -  ( L  -  O . 3 7 7 L  -  0 . 1 1 3 L 2 ) I O d a t e .

0 otherwise



Table A2
ARI and Interventlon Models for Constmption

Basic ARI Model

Ac.  :  0 .006 + 0.047 Act-1 + 0,218 Act_z
(0 .001)  (0 .07s)  (0 .07s  )

S E E  :  0 . 0 0 7 8 ,  k u r t o s i s  :  5 . 6 3 5 ,  s k e w n e s s  -  - 0 . 5 8 5

First ten autocorrelations of squared reslduals:
o . 2 3  0 . L 7  0 . 1 2  - 0 . 0 1  - 0 . 0 2  0 . 0 1 -  - 0 . 0 6  0 . 0 2  - 0 . 0 2  - 0 . 0 4

LJung-Box Q for  squared res iduals :  Q(12)  -  18.483 (p -  0 .L0L9)
LR Test  for  GARCH(O, l " )  -  8 .67L (p -  0 .0032)
L R  T e s t  f o r  G A R C H ( I , I )  -  f 3 . 6 6 3  ( p  -  0 . 0 0 1 f )

Test for nonlinearity in the residuals: BDS statistics
Embeddlng dluension 2. 3 4

B D S ( e - 1 . 0 )  - 0 .  s s  0 . 0 5  O . 7 2
B D s ( e - 0 . 5 )  - 1 . 0 7  - 0 . 5 r  - 1 . 1 5

Maximurn likelihood estirnates of GARCH Model for Basic ARI Model

A c . :  0 . 0 0 5  +  0 . 1 1 - 8  A c . - ,  +  0 . 2 2 4  a c . _ 2  *  e .
( 0 . 0 0 1 )  ( 0 . 1 0 2 )  ( 0 . 0 8 8 )

d 2 t  :  0 . 0 0 0 2  +  0 , 4 9 0  o 2 . - t  *  0 . 1 9 0  e 2 . - ,
( 0 . 0 0 0 1 - )  ( o . 2 r 2 )  ( 0 . 0 8 0 )

Excess kurtosls and skenness !n the standardized residuals:
kur tos is  -  4 .L73,  skewness -  -0 .335

Examlnation of nonlinearity in the standardlzed residuals: BDS statistics
Ernbedding dLnension 2 3 4

B D s  ( e : 1 . 0 )  - 1 . 8 7  - 1 . 8 2  - 1 . 3 9
B D S  ( e - 0 . 5 )  - 2 . 3 0  - L . 6 5  - I . 4 7

OutI ierlIntervention Model

A c r :  0 . 0 0 5  +  0 . 1 4 4  A c t _ 1  +  0 . 2 3 8  A c t - z  +  Q . O 2 7  I O 1 , 9 5 0 Q 3 t
( 0 . 0 0 r )  ( 0 . 0 7 3 )  (  0 . 0 7 1 - )  ( 0 . 0 0 6 )

-  0.035 ro1950Q4t -  0 .022 A01951Q2t -  0 .019 AOt958Qtt
( 0 . 0 0 7 )  ( 0 . 0 0 6 )  ( 0 . 0 0 6  )

-  0 .023 AO1974Q4t -  0 .028 AO1980Q2r
(o .  oo5)  (  o .  006)

S E E  :  0 . 0 0 5 0 ,  k u r t o s l s  -  2 . 5 6 8 ,  s k e n n e s s  -  - 0 . 0 3 3



Table A'2 (continued)
Consumpti-on

Flrst ten autocorrelatlons of squared residuals:
- 0 . 1 0  - 0 . 0 0  0 . 1 2  - 0 . 0 s  0 . 0 4  - 0 . 1 4  - 0 . 0 s  0 . 0 3  0 . 0 3  - 0 . 0 1

Ljung-Box Q for  squared res lduals :  Q(12)  -  10.057 (p -  0 .5109)
LM Test  for  GARCH(O,3)  '  4 .017 (p -  0 .2597)

Test for nonllnearity ln the residuals; BDS statistics
Ernbedding dinension 2 3 4

B D s ( e - 1 . 0 )  - 1 . 7 1  - 1 . 6 3  - 1 . 5 5
B D s ( e - 0 . 5 )  - I . 9 8  - 2 . 0 2  - 1 . 7 9

Notes: Data are ln logarithns, Sarnple period ls 1947Q4-1990Q2.

I O d a t e r - 1 l f t - d a t e
0 otherwise

Aodaret  -  (1  -  . l -44L -  0 .238L2)  Iodatet



Table 43
ARI and Intervention Models for Flxed Inwestuent

Basis ARI Uodel

A i r  -  0 . 0 0 4  +  0 . 4 7 1  A l t _ r ,  S E E  -  0 . 0 2 5 3
( 0 . 0 0 2 )  ( 0 . 0 6 8 )  k u r t o s i s  -  4 . 7 0 9 ,  s k e w n e s s  :  - 0 . 1 5 5

First ten autocorrelations of squared residuals:
0 . 1 . 5  0 . 0 0  - 0 . 0 7  - 0 . 0 9  - 0 . 0 5  0 . 0 1  0 . 0 s  0 . 1 0  0 . 0 5  0 . 1 1

Lj  ung-Box Q for  squared res lduals :  Q(12)  :  13.761 (p -  0 ,3159)
L R  T e s t  f o r  G A R C H ( O , I )  *  4 . 9 2 7 r  ( p  -  0 . 0 2 5 a )

BDS statlstics fot nonlinearity in the residuals
Enbedding dinension 2 3 4

B D s ( e - l - . 0 )  1 . 9 6  L . 7 L  t . L l
B D S ( e : 0 . 5 )  1 . 9 8  L . 3 2  0 . 4 0

Maximum likelihood estirnates of GARCH Model for Bastc ARI Model

A i r :  0 . 0 0 4  +  0 . 4 9 3  a i t - 1  +  € t ,  o 2 .  -  0 . 0 0 0 5  +  O . L 3 7  e 2 r _ 1
( 0 . 0 0 2 )  ( 0 . 0 7 1 )  ( 0 . 0 0 0 1 - )  ( 0 . 0 0 e )

Kurtosis and skerrness in the standardized residuals:
kur tos is  -  4 .793,  skewness -  -0 .379

ExaminatLon of nonlLnearlty ln the standardized residuals: BDS statistics
Ernbedding dimenslon ? 3 4

B D S ( e - 1 . 0 )  - 0 . 2 6  - O . 2 6  - O . 6 0
B D S ( e : 0 . 5 )  0 . 3 s  0 . 3 1 -  - 0 . 0 1

Outller/Intervention l,todel

a i t  -  0 . 0 0 4  +  0 . 5 4 7  A i r - 1  -  0 . 0 8 8  A O l 9 5 2 Q 3 t  -  0 . 1 0 2  A O 1 9 8 0 Q 2 t
( 0 . 0 0 2 )  ( 0 . 0 6 4 )  ( 0 . 0 1 e )  ( 0 . 0 1 e )

S E E  :  0 . 0 2 2 6 ,  k u r t o s i s  :  3 . 0 1 6 ,  s k e w n e s s  -  0 . 1 3 3

First ten autocorrelations of squared residuals:
0 . 0 5  0 . 0 s  0 . 0 0  - 0 . 0 3  0 . 0 2  0 . 0 4  0 . 0 5  0 . 0 1  0 . 0 4  0 . I 2

Lj  ung-Box Q for  squared res iduals :  Q(12)  :  5 .1-04 (p -  0 .954)
LM Test  for  GARCH(0,1)  :  0 .367 (p -  0 .5449)

BDS statistlcs for nonlinearity ln the residuals
Enbedding dirnens ion- 2 3 4

B D s ( e - 1 . 0 )  0 .  8 8  0 . 7 6  0 . 3 0
B D S ( e - 0 . 5 )  0 . 4 5  0 . 7 3  0 . 1 1

Notes: Data are ln logarlthms. Sarople perlod is L947Q3-I99OQ2.
Iodater  - l  i f  t  -  dare,  Aodarer  :  (L  -  0 .547L)  Iodare.

0 otherwise



Table 44
ARI and Interventlon Models for Industrial Production

Bas ic ARI l,lodel

A l p .  :  0 . 0 0 8  +  0 . 5 0 4  A l p . - r  -  0 . 3 1 7  A l p . - 2  +  0 . 2 5 8  A i p " - 3  -  0 . 3 5 6  A i p r - {
( 0 . 0 0 2 )  ( 0 . 0 7 3 )  ( 0 . 0 8 4 )  ( 0 . 0 8 4 )  ( 0 . 0 7 3 )

S E E  -  0 . 0 1 8 8 ,  k u r t o s i s  -  5 . 0 0 5 ,  s k e w n e s s  -  - 0 . 4 9 1

First ten autocorrelations of squared residuals:
o . 2 I  0 . 0 8  0 . 0 7  0 . 1 5  0 . 0 6  0 . 0 0  0 , 1 1  0 . o 2  0 . 0 8  - 0 . 0 5

Ljung-Box Q for  squared res lduals :  Q(12)  -  18.119 (p -  0 .1121)
L R  T e s t  f o r  G A R C H ( O , 1 )  -  1 3 . 0 8 0  ( p  -  0 . 0 0 0 3 )

BDS statistlcs for nonllnearity in the residuals
Enbedding dtmension 2 3 4

B D s ( e : 1 - . 0 )  3 . 2 L  3 .  s 8  3 . 9 8
B D S  ( e - 0 . 5 )  2 . 7 9  2 . 5 4  3 . 7 3

Maximum llkellhood estlnates of GARCH Model for Baslc ARI Uodel

A i p "  -  0 . 0 0 9  +  0 . 5 6 1  A l p . - r  -  0 . 2 6 4  A , L p , - 2  +  0 . 1 5 8  A i p . _ 3  -  0 . 3 1 6  A l p " _ o
( 0 . 0 0 2 )  ( 0 . 0 8 7 )  ( 0 . 0 6 s )  ( 0 . 0 6 s )  ( 0 . 0 6 8 )

o 2 r  :  0 . 0 0 0 2 4  +  0 . 3 1 6  e 2 . - 1
( 0 . 0 0 0 0 4 )  ( 0 . 1 2 6 )

Kurtosls and skewness ln the standardized reslduals:
kur tos is  -  4 .256,  sker , ,mess -  -0 .384

Examination of nonlinearity in the standardlzed reslduals: BDS statistics
Embedding dimension 2 3 4

B D s  ( e - 1 . 0 )  - O . 6 I  - 0 . 2 2  - 0 . 4 6
B D s ( e - 0 . 5 )  - 0 . 8 1  - 0 . 2 1  1 . 1 5

Outl ier,/Intervention Model

A l p t  :  0 . 0 0 8  +  0 , 5 9 0  A i p . - ,  -  0 . 2 6 4  A i p . - ,  +  0 , 2 5 7  A i p r - 3  -  0 . 3 7 2  A i p . - a
( 0 . 0 0 2 )  ( 0 . 0 6 8 )  ( 0 . 0 8 1 )  ( 0 . 0 8 2 )  ( 0 . 0 6 e )

-  0 . 0 5 9  I o 1 9 5 9 Q 3 t  +  0 . 0 4 6  A o 1 9 6 0 Q 1 t  -  0 . 0 7 9  l o 1 9 7 5 Q l t
( 0 . 0 1 7 )  ( 0 . 0 1 4 )  ( 0 . 0 1 7  )

S E E  :  0 . 0 1 6 7 ,  k u r t o s l s  :  3 . 7 4 4 ,  s k e w n e s s  -  0 . 1 4 0

First ten autoeorrelations of squared reslduals:
0 . 0 5  0 . 0 6  0 . 1 _ 6  0 . 0 9  0 . 1 1  - 0 . 0 2  0 . 0 4  0 . 2 2  - 0 . 0 1 -  - 0 . 0 5

Lj  ung-Box Q for  squared res iduals :  Q( f2)  -  22.288 (p -  0 .0344)
L M  T e s t  f o r  G A R C H ( O , 3 >  -  4 . 9 6 4  ( p  -  0 . 1 7 4 4 )



Table A4 (contlnued)
Industrial Production

BDS statistlcs for nonllnearity in the residuals
Eubedding dimenslon- 2 3 4

B D s ( e - 1 . 0 )  0 .  8 8  O . 7 6  0 . 3 0
B D s ( e : 0 . 5 )  0 . 4 5  0 . 7 3  0 . 1 - l -

Notes:  Data are in  logar l thrns.  Sarnple per iod is  1948Q2-1990Q2.

I O d a t e . - 1 i f t - d a t e
0 otherr.rise

AOdate.  -  (1  -  .590L + 0.264L2 -  0 .257L3 + 0.372L4)  rodare



Table 45
ARI and Intervention Models for Labor Productivity

(Output per hour - I'lanufacturing)

Basic ARI Model

Aprod.  -  p .gg7 + 0.300 Aprod.-1 -  0 .233 Aprod.-2 + O.L67 Aprod.- .
(0 .00r - )  (0 .076)  (0 .07e)  (0 .07e)

-  0 ,208 Aprod.-o
( 0 . 0 7 6 )

SEE -  0.0104,  kur tos is  -  4 .L44,  skewness -  -0 .546

First ten autocorrelations of squared reslduals:
0 . 0 9  0 . 0 4  0 . 0 9  0 . 1 3  0 . 0 7  0 . 0 3  0 . 2 6  - 0 . 0 6  - 0 . 0 0  0 . 0 1 _

Lj  ung-Box Q for  squared res iduals :  Q( f2)  -  f9 .680 (p -  0 .0734)
L R  T e s t  f o r  G A R C H ( 1 " , 1 )  -  9 . 3 5 3  ( p  :  0 . 0 0 9 3 )

BDS statistics for nonllnearity in the residuals
Ernbedding dinension 2 3 4

B D S ( e - 1 . 0 )  I . 1 2  2 . 3 2  2 . 8 6
B D s ( e - 0 . 5 )  2 . 2 2  3 . 1 0  3  . 1 5

Maxin\a likellhood estiuates of GARCH Model for Basic ARI Model

Aprod.  :  0 .006 + 0,291 Aprod.- ,  -  0 .151 Aprodt_z + O.L44 Aprod.-3
( 0 . 0 0 1 )  ( 0 . 1 0 0 )  ( 0 . 0 e 8 )  ( 0 . 0 e 5 )

-  O. I77 Aprodi -a + €t
( 0 . 0 7 7 )

o2.  -  0 .0000IL + O.749 o2r-1 + Q.L45 e2.-1
( 0 . 0 0 0 0 0 9 )  ( 0 . 1 2 6 )  ( 0 . 0 8 4 )

Kurtosls and skewness ln the standardized residuals:
kur tos is  -  4 .065,  skewness -  -0 .511

Exaninati.on of nonlinearity in the standardized reslduals: BDS statistics
Enbedding dimenslon 2 3 4

BDS (e:1-  .  0)  -L .27 - 'J . .OZ -L.L4
B D s  ( e : 0 . 5 )  - 0 . 8 1  - 0 . 2 1 -  1 . 1 5

Outl ierlIntervention Model

Aprod.  -  0 .007 + 0.31-2 Aprod.-1 -  O,24O Aprodt-z  + 0.L87 Aprodt-3
( 0 . 0 0 1 )  ( 0 . 0 7 2 )  ( 0 . 0 7 3 )  ( 0 . 0 7 3 )

-  0.157 Aprod.-o -  0 .033 IO1957Q4t -  0 .040 Io1959Q2t
( 0 . 0 7 2 )  ( 0 . 0 0 9 )  ( 0 . 0 1 0 )

-  0.032 Ao1"974Q1.
( 0 . 0 0 9 )



Table 5 (continued)
Labor Productivity

S E E  -  0 , 0 0 9 4 ,  k u r t o s i s  -  3 . 1 5 5 ,  s k e w n e s s  -  - 0 . 0 5 2

FitsE ten autocorrelatl.ons of squared reslduals:
- 0 . 0 1  0 . l s  - 0 . 0 4  0 . 0 4  - 0 . 0 5  0 . 0 0  0 . 0 0  0 . 0 3  0 . 0 5  0 , 0 0

Ljung-Box Q for  squared res iduals :  Q(12)  :  7 .972 (p -  0 .7873)
L M  r e s t  f o r  G A R C H ( o , 2 )  -  3 . 6 6 8  ( p  -  0 . 1 5 9 8 )

BDS statistlcs for nonlinearity ln the reslduals
Enbedding dinenslon- 2 3 4

B D s ( e : 1 . 0 )  0 . 8 8  0 . 7 6  0 . 3 0
B D s ( e - 0 . 5 )  0 . 4 5  0 . 7 3  0 . 1 1

Notes: Data are in logarithrns. Sarople perlod is 1948Q2-1990Q2.
I 0 d a t e t - l i f t - d a t e

0 otherwise
Aodatet  -  (1  -  0 ,31,2L + Q.240L2 -  0 .L87L3 + O.1,67L4)  Iodate.



Table 46
ARI and Intervention Models for UnemDlovment Rate

Basic ARI Mode1

Aun.  -  9 .946 + 0.788 Aunt_t  -  0 .247 Ltn _,
( 0 . 0 2 6 )  ( 0 . 0 7 5 )  ( 0 . 0 7 5 )

s E E  -  0 . 3 3 3 0 ,  k u r t o s i s  -  3 . 7 0 8 ,  s k e w n e s s  -  0 . 4 4 0

Flrs t  ten autocorre lat ions of  squared res iduals :
0 . 2 3  0 . 1 1  0 . 2 0  0 . 1 5  0 . 0 8  0 . 0 9  0 . 0 2  0 . 0 7  - 0 . 0 3  - 0 . 1 0

Lj  ung-Box Q for  squared res iduals :  q(12)  -  27.479 (p -  0 .0055)
L R  T e s t  f o r  G A R C H ( l , 3 )  -  3 5 . 0 5 3  ( p  :  0 . 0 0 0 0 )

BDS statlstics for nonllnearity in the reslduals
Enbedding dlnension Z 3 4

B D S ( e - 1 . 0 )  3 . 7 7  5 . 8 0  7 . 9 6
B D S ( e - 0 .  s )  4 . 9 4  7 . 7 8  L 2 . 0 O

Maxinun likelihood estinates of GARCH Model for Dasic ARI Model

Aun.  :  -9 ,91t  *  0 .757 Aun _,  -  0 .1.66 Aun._2 *  e,
( 0 . 0 2 4 )  ( 0 . 0 9 6 )  ( 0 . 0 e 2 )

d 2 t  :  0 . 0 1 3  +  0 . 4 3 4  o 2 . - ,  +  O . 2 9 0  e z . - t  -  0 , 0 7 4  e 2 . _ "  +  O . 2 5 O  e 2 . - 3
( 0 . 0 0 7 )  ( 0 . 2 s 1 )  ( 0 . 1 2 7 )  ( 0 . 1 - 4 3 )  ( 0 . 1 9 3 )

KurtosLs and skewness in the standardized residuals:
kur tos ls  -  4 .033,  skel rness -  0 .763

Examination of nonlinearity in the standardized reslduals: BDS statistics
Ernbeddlng dinenslon 2 3 4

B D s  ( e : t -  . 0 )  1 .  3 1  1  .  8 s  2  . 2 5
B D s  ( e - 0 .  5  )  O . 3 7  2 . 0 7  5 . 0 0

Outller /Intervention Model

Aun.  :  -9 .929 + 0.751 Aun.-1 -  0 .238 Aun _,  + 1.045 IOl975Ql t
( 0 . 0 2 s )  ( 0 . 0 7 s )  ( 0 . 0 7 4 )  ( 0 . 3 3 0 )

S E E  -  0 . 3 2 4 ,  k u r t o s i s  -  3 . 6 8 0 ,  s k e w n e s s  :  0 . 4 0 3

Firs t  ten autocorre ls t ions of  squared res iduals :
0 . 1 8  0 . 0 5  0 . 2 5  0 . 1 3  0 . L 2  0 . 1 3  0 . 0 5  0 . 1 0  - 0 . 0 0  - 0 . 0 7

L j u n g - B o x  Q  f o r  s q u a r e d  r e s l . d u a l s :  Q ( 1 2 ) : 2 8 . 2 5 0  ( p  -  0 . 0 0 5 1 )
L l ' [  Test  for  GARCH(0,4)  -  L5.626 (p -  0 .0035)



Table 46 (continued)
UnemploJrnent

BDS statistics for nonlinearlty in the teslduals
Enbeddlng dlmenslon- 2 3 4

B D s ( e - 1 , 0 )  2 . 7 2  4 . 7 7  7 . o I
B D s ( e : O . s )  4 . 0 3  7 .  3 0  1 1 , 5 5

Notes: Data are ln levels. Sarnple period is 1948Q3-1.990Q2.

I o d a t € t - 1 l f t - d a t e
0 otherwlse

Aodatet  -  ( l  -  0 .751-L + 0.238L2)  Iodater



Table A7
ARI and Interventlon Models for Employment

Basic ARI llodel

Aern"  :  0 .002 + 0.498 Aern__1
( 0 . 0 0 0 s )  ( 0 . 0 6 7 )

SEE -  0.0050,  kur tos is  -  5 .071,  skemess -  -0.437

First ten autocorrelatlons of squared restduals:
0 . 1 8  0 . 1 0  - 0 . 0 4  0 . 0 8  - 0 . 0 1  - 0 . 0 5  - 0 . 0 7  - 0 . 0 1  0 . 0 4  0 . 0 5

L j  u n B - B o x  Q  f o r  s q u a r e d  r e s l d u a l s :  Q ( 1 2 ) :  l - 8 . 9 6 2  ( p : 0 . 0 8 9 4 )
LR Test  for  GARCH(O,I )  -  16.464 (p -  0 .0000)

BDS statistics for nonlinearlty in the residuals
Enbedding dftnension Z 3 4

B D s ( e - 1 . 0 )  2 . O 7  3 . 0 9  3 . 3 5
B D s ( e - 0 . 5 )  0 . 5 6  2 . 1 0  1 . 3 6

Maximun likellhood estimates of GARCH Model for Baslc ARI Model

A"tn . -  0 .002 + 0.524 Aenr_1 + €t
(0 .000s)  (0 .072  )

0 2 .  :  0 . 0 0 0 0 5 5  +  0 . 4 3 1  e 2 . - 1
( 0 . 0 0 0 0 0 2 )  ( 0 . 1 3 s )

Kurtosis and skewness ln the standardized residuals:
kurtosis - 3.42f , skewness - -O,I47

Examination of nonlinearity in the standardlzed reslduals: BDS statistics
Enbedding dimenslon 2 3 4

B D S ( e - 1 . 0 )  0 . 1 5  L . 2 7  1 . 4 0
B D S ( e - 0 . 5 )  O . 9 4  2 . 9 4  3 . 5 3

outlier/InEervention I'lodel

Aeq :  0 .001-9 + 0.536 Aero"_,  + 0.016 I01950Q2t
( 0 . 0 0 0 4 )  ( 0 . 0 5 2 )  ( 0 . 0 0 4 )

-  0 . 0 1 9  A O L 9 5 3 Q 1 t  -  0 . 0 1 4  r o 1 9 s 8 Q 1 t  -  0 . 0 1 3  A 0 1 9 7 s Q 1 t
( 0 . 0 0 4 )  ( 0 . 0 0 4 )  ( 0 . 0 0 4 )

SEE -  0.0044,  kur tos is  -  3 .250,  skewness :  -0 .232

First ten autocorrelations of squared residuals:
0 . 0 3  0 . 1 1  - 0 . 0 4  0 . 1 0  0 . 0 3  - 0 . 0 3  0 . 0 2  - 0 . 0 4  - 0 . 0 3  0 . 0 1

Ljung-Box Q fot  squared res iduals :  Q(12)  -  18.962 (p -  0 .0894)
I - l ' l  Test  for  GARCH(O,2)  -  2 .150 (p :  0 .3414)



Table A7 (contlnued)
Employnent

BDS statistlcs for nonlinearity in the residuals
Eubedding dinenslon 2 3 4

B D s  ( e - 1 . 0 )  2 . O 7  3 . 0 9  3 . 3 5
B D s ( e - 0 . 5 )  0 .  5 5  2 . L 0  l - . 3 6

Notes: Data efe in logarithms, Sanple period is 1947Q3-l-990Q2.

I O d a t e . - l i f t - d a t e
0 otherwise

Aodaret  :  (1  -  0 .536L)  Iodarer



Table A8
ARI and Interventlon Models for GNP Deflator

Basic ARI Model

A p .  -  0 . 0 0 3  +  0 . 4 5 3  A p t _ l  +  0 . 2 9 8  A p . - .
( 0 . 0 0 1 )  ( 0 . 0 7 4 )  ( 0 . 0 7 4 )

S E E  :  0 . 0 0 5 6 ,  k u r t o s l s  -  5 . 2 2 4 ,  s k e w n e s s  -  0 . 0 7 8

First ten autocorrelations of squared residuals:
0 . 1 . 9  0 . 0 7  0 . 1 5  0 . 2 3  0 . 0 9  0 . L 2  0 . L 7  0 . 0 1  0 . l s  o . 2 9

Ljung-Box Q for  squared res iduals :  Q(12)  -  76.165 (p -  0 .0000)
L R  T e s t  f o r  G A R C H ( 0 , 4 )  -  2 3 . 1 6 8  ( p  -  0 . 0 0 0 5 )

BDS statistlcs for nonlinearity in the residuals
Enbedding dimenslon 2. 3 4

B D s ( e - 1 - . 0 )  3 . 3 2  4 . 6 2  5 . 1 - 8
B D s ( e - 0 . 5 )  3 . 2 9  3 . 7 6  4 . 7 O

Maximum likelihood estirnates of GARCH tlodel for Baslc ARI Model

A p . :  0 . 0 0 0 8 8  +  0 , 5 2 2  A p . - 1  +  0 . 3 7 5  A p . - z  *  € t
( 0 . 0 0 0 s 8 )  ( 0 . o 7 7 )  ( 0 . 0 8 2 )

a 2 .  -  0 . 0 0 0 0 1 0  +  0 . 0 7 7  € 2 . - t  *  O . ! 9 9  e 2 . - ,  +  0 . 1 5 0  € 2 r - t  *  0 . 2 6 5  e z r - o
( 0 . 0 0 0 0 0 3 )  ( 0 . 0 8 3 )  ( 0 . 1 3 r )  ( 0 .  r 0 3 )  ( 0 .  1 0 6 )

Kurtosis and skenmess in the standardized residuals:
k u r t o s i s  :  4 . 2 9 9 ,  s k e w n e s s  : 0 . 2 7 3

Examination of nonlinearlty in the standardized residuals: BDS statistics
Enbedding dimension 2 3 4

B D S ( e - 1 . 0 )  0 . 2 2  0 . 2 s  0 . 3 3
B D S ( e - 0 . 5 )  - 1 . 0 8  - 0 . 7 4  - 0 . 6 8

outlier/Interventlon Model

A p t :  0 . 0 1 1  +  0 . 2 8 4  A p . - 1  +  0 . 1 9 5  A p r _ 2  +  0 . 0 1 5  A O l - 9 4 7 Q 4 t
( 0 . 0 0 2 )  ( 0 . 0 7 2 )  ( 0 . 0 7 3 )  ( 0 . 0 0 4 )

-  0.017 LSl948Q4r + 0.021 ro1950Q3t + 0.017 AO1951Q1r
( 0 . 0 0 3 )  ( 0 . 0 0 4 )  ( 0 . 0 0 4 )

+ 0.012 AO1952Q4r + 0.014 AO1954Q1t + 0.009 LS1967Q4t
( 0 . 0 0 4 )  ( 0 . 0 0 4 )  ( 0 . 0 0 2 )

+ 0.006 Ls l -973Q2r + 0.0L5 r01974Q3t -  0 .010 LSt982Q4t
( 0 . 0 0 2 )  ( 0 . 0 0 4 )  ( 0 . 0 0 2 )

SEE :  0 .0038,  kur tos ls  :  2 .855,  skewness -  -0 .282



Table A8 (continued)
GNP Deflator

First ten autocorrelations of squared reslduals:
0 . 0 4  - 0 . 0 3  0 . 0 3  - 0 . 0 9  - 0 . 0 1  - 0 . 0 9  - 0 . 0 7  0 . 0 2  0 . 2 3  0 . 1 0

Lj  ung-Box Q for  squared res iduals :  Q( f2)  -  L6.744 (p -  0 .1595)
LM Test  for  cARCtt (O,4)  -  2 .129 (p -  0 .7120)

BDS statlstlcs for nonlinearit.r' in the residuals
Eubedding dinension 2 3 4

B D s ( e - 1 . 0 )  0 . 5 1  - 0 . 0 5  0 . 2 L
B D s ( e - 0 . 5 )  - 0 . 2 0  0 . 0 5  - 0 .  3 4

Notes: Data are in logarlthrns. Sample period ls L947Q4-L990Q2

I 0 d a t e t - l i f t - d a t e
0 otherwlse

Aodare,  :  (L  -  .284L -  0 .195L2)  Iodate.

LSdare.  -  (L  -  .284L -  0 .1-95L2)  LSDUMT, LSDIJMt :  I  t  >  dare
0 otherwise



Table 49
ARI and Intervention Models for Conslrmer Price Index (CPI)

Basis ARI ttodel

Acpi .  -  0 .00L9 + 0.728Acpi . - ,  -  0 ,053Acpf"_,  + 0.423Acpi ._3 -  O.292Aepi . -o
( 0 . 0 0 0 6 )  ( 0 . 0 7 s )  ( 0 . 0 8 e )  ( 0 . 0 8 e )  ( 0 . 0 7 s )

S E E  -  0 . 0 0 5 2 ,  k u r t o s i s  -  8 . 7 7 7 ,  s k e w n e s s  :  - 0 . 8 3 0

First ten autocorrelations of squared residuals:
0 . 3 5  0 . 0 6  0 . 0 7  0 . 0 5  0 . 0 1  0 . 0 2  0 . 0 1  - 0 . 0 3  0 . 2 0  0 . 3 3

Lj  ung-Box Q for  squared res lduals :  Q(12)  -  50.380 (p -  0 .0000)
LR Test  for  GARCH(O,1)  -  31.230 (p :  0 .0000)
LR Test  for  GARCH(I , I )  -  42.232 (p -  0 .0000)

BDS statistics for nonlinearity in the residuals
Ernbeddlng dlmension 2 3 4

B D S ( e - 1 . 0 )  4 . 8 2  5 . 7 8  6 . 2 8
B D S ( e - 0 . 5 )  5 . 9 5  7 . 6 7  8 . s 2

Maxlrnurn likellhood estlrnates of GARCH Model for Basic ARI Model

A c p l "  -  0 . 0 1 L  +  0 . 6 5 1 A c p i . - ,  +  0 . 1 1 8 ^ c p l t - 2  +  0 . 3 8 0 ^ c p i r - 3  -  0 . 2 7 6 A c p i . - a
( 0 . 0 0 s )  ( 0 . 0 e 3 )  ( 0 . 0 8 4 )  ( 0 . 0 e 8 )  ( 0 . 0 7 6 )

a 2 ,  -  0 . 0 0 0 0 0 2 7  +  0 . 5 2 9  o 2 . - r  I  O . 4 ? 9  e z r - 1
( 0 . 0 0 0 0 0 1 5 )  ( 0 . 1 1 9 )  ( 0 . 1 3 1 )

Kurtosis and skevness ln the standardized residuals:
kur tos is  -  5 .483,  skewness -  -0 .64L

Examination of nonlinearity in the standardized residuals: BDS statistics
Embedding dlmension 2 3 4

B D S  ( e - 1 . 0 )  0 . 5 4  O . 5 2  0 . 3 7
B D S  ( e : 0 . 5 )  I . 7 7  L . 4 9  0 . 2 0

Outl ier,/Interventlon Model

A c p i .  -  0 . 0 0 2  +  0 , 5 5 8 A c p i . - 1  -  0 . 0 9 2 A c p i . _ ,  +  0 . 3 6 8 A c p i . - ,  -  0 . 3 l 1 A c p i . - a
( 0 . 0 0 1 )  ( 0 . 0 7 0 )  ( 0 . 0 8 L )  ( 0 . 0 8 2 )  ( 0 . 0 6 e )

-  0.020 IO1948Q4r + 0.023 Ao1951Q1t -  0 .012 A01951Q3r
( 0 . 0 0 4 )  ( 0 . 0 0 3 )  ( 0 . 0 0 3 )

+  0 . 0 0 7  L S 1 9 6 7 Q 3 t  +  0 . 0 0 9  L S 1 9 7 3 Q L t  -  0 . 0 L 1  L S 1 9 8 2 Q 4 r
( 0 . 0 0 2 )  ( 0 . 0 0 2 )  ( 0 . 0 0 2  )

-  0 .011 AOt986Q2t
( 0 . 0 0 2 )

S E E  :  0 . 0 0 3 8 ,  k u r t o s i s  :  3 . 3 1 0 ,  s k e w n e s s  -  0 . 1 1 0



Table A9 (continued)
Consumef Price Index

First ten autocorrelations of squared residuals:
o . 2 8  0 . 1 5  0 . 0 4  0 . 0 9  0 . 1 8  0 . 0 6  0 . 0 2  - 0 . 0 9  - 0 . 0 2  0 . 0 8

Ljung-Box Q for  squared res lduals :  Q(12)  -  28.459 (p -  0 .0047)
L M  T e s t  f o r  G A R C H ( o , I )  -  1 3 . 5 3 1  ( p  -  0 . 0 0 0 2 )

BDS statistics for nonllnearity in the residuals
Enbedding dimension 2 3 4

8 D S  ( e - l . 0 )  3 . 7 8  4 . 8 7  4 . 6 8
B D s ( e - 0 . 5 )  3 . 3 2  5 . s 7  4 . 2 6

Notes:  Data are ln  logar l thns.  Sanple per lod ts  1948Q2-1990Q2.

I O d a t e t - 1 l f t * d a t e
0 otherwise

A o d a r e t  :  ( 1  -  0 . 6 5 8 L  +  Q . O 9 2 L 2  -  0 . 3 5 8 L 3  +  0 . 3 1 1 L 4 )  I O d a r e .

L S d a t e .  :  ( 1  -  0 . 5 5 8 L  +  0 . O 9 2 L 2  -  0 . 3 6 8 L 3

+ 0.311L4) LSDunt, LSDUI.II - 1 tf r > dare
0 otherwise



Table A10
ARI and Intervention Models fot Conpensation per Hour (Manufacturing)

Basic ARI Model

Acompt -  0 .004 + 0.377 Acomp.- ,  + 0.147 Acompt_2 + O.LOL Aconpt-3
( 0 . 0 0 r - )  ( 0 . 0 7 5 )  ( 0 . 0 7 9 )  ( 0 . 0 7 4 )

S E E  -  0 , 0 0 5 9 ,  k u r t o s i s  -  5 . 8 5 3 ,  s k e r m e s s  -  1 - . 0 5 5

First ten autocorrelatLons of squared residuals:
0 . 0 5  0 . 0 2  0 . 2 5  0 . 1 1  0 . 1 0  0 . o 2  0 . 0 8  0 . 2 4  - 0 . 0 5  - 0 . 0 2

LJ ung-Box Q for  squared res iduals :  Q(12)  -  49.573 (p -  0 .0000)
L R  T e s t  f o r  G A R C H ( 0 , 3 )  -  2 2 . 2 7 4  ( p  -  0 . 0 0 0 1 )

3DS statistics for nonlinearity in the residuals
Enbedding dimension 2 3 4

B D s  ( e - L  . 0 )  1  .  9 5  1  .  8 9  2 . L s
B D s  ( e - 0 . 5 )  L . 6 5  2 . L 4  1 . 9 1

Maxlnurn likelihood estlrnates of GARCH Model for Basic ARI Model

Acompt -  0 .0036 + 0.454 Acomp.-1 + 0.206 Acoxopt-2 + 0.088 Acomp.- ,
(0 .00u)  (0 .0e0)  (0 .087)  (0 .07e)

o 2 .  -  0 , 0 0 0 0 2 2  +  0 , 3 1 2  e 2 . _ 1  -  0 . 0 L 2  e 2 . _ z  r  O . L B 4  e 2 . - 3
( 0 . 0 0 0 0 0 5 )  ( 0 . 1 3 7 )  ( 0 . 0 8 0 )  ( 0 . 0 7 s )

Kurtosis and skewness in the standardized residuals:
kut tos is  :  3 ,184 skemess :  O.470

Exarnination of nonlinearity in the standardized residuals: BDS statlstics
Embeddlng diuenslon 2 3 4

B D s ( e - l . 0 )  - 0 . 7 6  - O . 7 4  - O . 9 3
B D s ( e - 0 . 5 )  - 1 . 3 7  - 0 . 5 s  0  . 1 2

Outlier/Intervention l,lodel

Acomp. -  9 .995 + 0.350 Acornp._1 + 0.031 Acompt_2 + 0.094 Acomp._3
( 0 . 0 0 1 )  ( 0 . 0 7 0 )  ( 0 . 0 7 1 - )  ( 0 . 0 6 8 )

+ 0.025 A01948Qlt  -  0 .020 AO1949Q4t + 0.034 rOL950Q4t
( 0 . 0 0 s )  ( 0 . 0 0 5 )  ( 0 . 0 0 5  )

+  0 . 0 1 5  A O I _ 9 5 2 Q 4 t  +  0 . 0 1 7  I O 1 9 5 5 Q 2 t  +  0 . 0 1 1  L S 1 9 7 3 Q 1 t
( 0 . 0 0 s )  ( 0 . 0 0 5 )  ( 0 . 0 0 2  )

-  0 .014 LS1982Q4t
( 0 . 0 0 2 )

S E E  -  0 . 0 0 5 2 ,  k u r t o s l s  -  3 . 1 2 5 ,  s k e w n e s s  :  0 . 2 8 0



Table A10 (continued)
Compensation per Hour

First ten autocorrelations of squared residuals:
- 0 . 0 8  0 . 0 7  0 . 0 s  - 0 . 0 3  0 . 0 7  - 0 . 0 9  - 0 . 0 2  - 0 . 0 1  - 0 . 0 6  - 0 . 0 8

LJung-Box Q for  squared res iduals :  Q(12)  -  7 .193 (p -  0 .8445)
L M  T e s t  f o r  G A R C H ( 0 , 1 )  -  0 . 9 7 4  ( p : 0 . 3 2 3 8 )

BDS statistics for nonlinearity in the residuals
Enbedding dLnenslon 2 3 4

B D s ( e - 1 - . 0 )  - 0 . 7 3  - 0 .  7 9  - 0 . 2 0
B D s ( e - 0 . 5 )  - L . 2 6  - 0 . 7 O  O . 9 2

Notes: Data are in logarithus. Sanple perlod ls 1948Q1-1990Q2.

I O d a t e t - 1 l f t : d a t e
0 otherwise

AOdate.  -  (1  -  0 .350L -  0 .031L2 -  0 .094L3)  IOdare.

L s d a r e t  -  ( 1  -  0 . 3 5 0 L  -  0 . 0 3 1 L 2  -  0 . 0 9 4 L 3 )  L S D U M t ,

LSDUIQ :1 i f  t  >  date
0 otherwise



Table Al1
ARI and Intervention Models for Yields on AAA Bonds

Basic ARI Model

Araaa.  -  9 .6975 + 0.334 araaat- l  -  0 .095 Araaat_2
( 0 . 0 0 3 e )  ( 0 . 0 7 7 )  (  0 . 0 7 7 )

SEE :  0 .0394,  kur tosLs -  4 .238,  skewness -  -0 .L37

Flrst ten autocorrelations of squared reslduals:
o . 2 4  0 . 2 7  0 . 1 4  0 . 0 5  0 . 0 3  0 . 0 5  0 . 0 2  0 . 1 1  0 . 0 0  0 . 2 I

L j  ung-Box Q for  squared res iduals :  Q( fz)  -  45.302 (p -  0 ,0000)
LR Test  for  GARCH(0,2)  -  18.470 (p -  0 .0001)

BDS statistics for nonltnearity in the residuals
Ernbedding dimension 2 3 4

B D s ( e - 1 . 0 )  3 . 7 9  5 .  1 3  7 . 1 5
B D S ( e - 0 . 5 )  5 . 0 9  7 . 6 T  L 3 . 3 2

Maximum likelihood estinates of GARCH Model for Baslc ARI Model

Araaa.  :  O.OO77 + 0.384 Araaat_1 -  0 .084 Araaar_2
( 0 . 0 0 2 e )  ( 0 . 0 e 0 )  ( 0 . 0 8 2 )

o z t  :  0 . 0 0 0 7 9  +  0 . 3 3 8  e 2 . - 1  +  0 . 1 - 8 5  e 2 . - 2
( 0 . 0 0 0 1 3 )  ( 0 .  1 9 8 )  ( 0 .  1 4 3 )

Kurtosis and skewness in the standardized reslduals:
kur tos ls  -  4 .625 skewness -  0 .304

Exarnination of nonllnearity in the standardized residuals: BDS statistics
Embedding dimension 2 3 4

B D s  ( e - 1 . 0 )  - 0 . 3 4  - 0 . 1 1  1 . 5 9
B D s ( e : 0 . 5 )  1 . 1 3  0 . 9 5  3 . 5 9

Outl ierlIntervention Model

Araaa,  -  0 .0053 + 0.353 Araaat_1 -  0 .143 Axaaa._,
( 0 . 0 0 2 8 )  ( 0 . 0 7 7 )  ( 0 . 0 7 6  )

+ 0.L27 IO1979Q4t + O.L24 AOt98OQlr  -  0 .138 AO1982Q4t
( 0 . 0 3 6 )  ( 0 . 0 3 4 )  ( 0 . 0 3 3 )

S E E : 0 . 0 3 5 3 ,  k u r t o s L s  -  3 . 0 8 8 ,  s k e r , l n e s s  -  0 . 0 2 5

First ten autocorrelations of squared reslduals:
0 . 1 _ 3  0 . I 2  0 . 1 8  0 . 0 5  0 . 1 8  - 0 . 0 4  0 . 0 9  0 . 1 0  - 0 . 0 1 -  - 0 . 0 2

Ljung-Box Q for  squared res iduals :  Q(12)  -  2L.457 (p:  0 .0440)
L M  T e s t  f o r  G A R C H ( 0 , 3 )  :  9 . 2 L 4  ( p  :  0 . 0 2 6 6 )
L M  T e s t  f o r  G A R C H ( 0 , 5 )  :  1 3 . 7 0 6  ( p  -  0 . 0 1 7 6 )



Table Al-1 (continued)
AAA Bond Ylelds

BDS statistics for nonlinearity ln the residuals
Embedding dlnenslon 2 3 4

B D S  ( e : 1 . 0 )  3 . 4 7  4 . 6 8  5 . 7 2
B D s ( e : 0 . 5 )  4 . 6 7  7 . 0 6  1 1 . 8 5

Notes:  Data are ln  logar l thrns.  Sauple per iod ls  L947Q4-I99OQ2,

I O d a t e . : 1 - i f t - d a t e
0 otherwise

AOdare.  -  (L  -  0 .353L + O,L| ILZ)  IOdate"



Table A12
ARI and lntervention Models for Noninal Stock Prices

Basic ARI Model

A s p .  -  0 . 0 1 3  +  0 . 2 9 4  A s p t _ 1
( 0 . 0 0 5 )  ( 0 . 0 7 3 )

S E E  :  0 . 0 5 6 0 ,  k u r t o s l s  -  5 . 9 L 1 ,  s k e w n e s s  -  - 0 . 5 0 3

First ten autocorrelations of squared reslduals:
- 0 . 0 2  0 . 0 3  0 . 0 9  - 0 . 0 4  - 0 . 0 L  - 0 . 0 5  0 . 0 0  - 0 . 0 9  - 0 . 0 1  - 0 . 0 6

LJung-Box Q for  squared res lduals :  Q(12)  -  5 .31-2 (p :  0 .9451)
LR Test  for  GARGH(0,1)  -  O.L2I5 (p -  0 .9587)

BDS statlstics for nonlinearltv in the residuals
Ernbedding dinenslon 2 3 4

B D s  ( e - L  .  0 )  - 0  .  3 7  0  .  5 s  L . 3 4
B D S  ( e - 0 . 5 )  - 0 . 8 6  L . L 9  O . 9 7

Outl lerlIntervention Model

Aspt  :  0 .014 + 0.344 Asp.- ,  -  0 .138 A01957e4r
( 0 . 0 0 4 )  ( 0 . 0 5 7 )  ( 0 . 0 4 s )

-  0 .L76 IO1974Q3t + 0.170 rot -982Q4t  -  O.26L AOl-987Q4t
( 0 . 0 4 8 )  ( 0 . 0 4 8 )  ( 0 . 0 4 s )

S E E  -  0 . 0 4 7 5 ,  k u r t o s i s  -  3 . 2 4 4 ,  s k e w n e s s  -  0 . 2 8 8

First ten autocorrelations of squared residuals:
- 0 . 0 5  0 . 0 7  0 . 0 0  0 . 0 7  0 . 0 6  - 0 . 1 3  0 . 0 1  - 0 . 0 5  - 0 . 0 6  - 0 . 0 3

Ljung-Box Q for  squared res iduals :  q(12)  -  7 .541 (p -  0 .8199)
L l ' l  Test  for  GARCH(0, I )  -  0 .396 (p :  0 .5294)

BDS statlstics for nonlinearity in the residuals
Enbedding dimenslon- 2 3 4

B D S  ( e : l - . 0 )  - 0 . 8 s  0 . 7 0  L . L 7
B D s ( e - 0 . 5 )  - 0 . 0 0  2 . 2 I  1 . 6 1

Notes:  Data are ln  logar i thrns,  Sample per iod is  1947Q3- l -990Q2.

I O d a r e t : 1 l f r : d a r e
0 otherwise

Aodater  -  (1  -  0 .344L)  Iodater



Table Al3
ARI and InterventLon Models for Monev Base

Basic ARI I' lodel

Aub.  :  0 .0005 + 0,000037 r  + 0.468 anbr_1 -  0 .059 anbr_2 + 0.294 aubt_3
( 0 . 0 0 0 7 )  ( 0 . 0 0 0 0 1 3 )  ( 0 . 0 7 5 )  ( 0 . 0 8 3 )  ( 0 . 0 7 6 )

s E E  -  0 . 0 0 4 8 ,  k u r t o s l s  -  2 , 9 7 2 ,  s k e w n e s s  -  - 0 . 2 5 0

First ten autocorrelatlons of squared residuals:
- 0 . 0 4  0 . 1 8  0 . 0 0  - 0 . 0 0  - 0 . 0 5  0 . 1 3  0 . 0 9  0 . 0 4  - 0 . 0 7  0 . 0 s

Ljung-Box Q for  squared res lduals :  Q(12)  -  13.151 (p :  0 .3574)
L R  T e s t  f o r  c A R c H ( O , 2 )  -  3 . 3 1 3  ( p  -  0 . 1 9 0 8 )

BDS statlstlcs for nonlinearity in the residuals
Ernbedding dlrnenslon 2 3 4

B D s ( e - 1 . 0 )  0 . 8 3  I . 7 3  L . 7 7
B D s  ( e : 0 .  5  )  0 . 0 7  0 . 1 8  1 _ . 1 5

Outllet /Intelvention Model

Anb.  -  0 .0005 + 0.000025 t  + 0.424 Arnbr_1 -  0 .090 Arnb.- ,
( 0 . 0 0 0 8 )  ( 0 . 0 0 0 0 1 2 )  ( 0 . 0 7 5 )  ( 0 . 0 8 2 )

+ 0.265 AEbt-3 + 0.008 LSl"951Q4t
( 0 . 0 7 7 )  ( 0 . 0 0 3 )

S E E  -  0 . 0 0 4 7 ,  k u r t o s i s  -  3 . L 5 2 ,  s k e w n e s s  -  - 0 , 1 6 5

First ten autocorfelatlons of squared residuals:
- 0 . 0 3  0 . 1 7  0 . 0 1  - 0 . 0 0  - 0 . 0 7  0 . L 2  0 . 0 8  0 . 0 2  0 . 0 0  0 . 0 5

LJung-Box Q for  squared res lduals :  Q(12)  -  13,161 (p -  0 .3574)
1 , 1 i 1  T e s t  f o r  G A R C H ( O , 2 )  -  5 . 3 5 4  ( p : 0 . 0 6 8 8 )

BDS statistics for nonllnearity in the residuals
Enbedding dluension 2 3 4

B D s ( e - 1 . 0 )  0 . 8 3  L . 7 3  L . 7 7
B D S ( e - 0 . 5 )  0 . 0 7  0 . 1 8  1 . 1 5

Notes: Data are in logaritluos. Sarnple period is 1948Q1-l-990Q2.

l O d a t e . : 1 l f t - d a t e
0 otherwise

Aodatet  -  Q -  O,424L + 0.090L2 -  O,266L3) Iodarer

Lsdaret  -  0  -  o .424L + 0.090L2 -  0 .266L3)  LSDttM

L S D U I 4 : 1 l f r > d a r e
0 otherwise



Table AL4
ARI and Interventlon I'lodels for Ml

Basic ARI Model

A U l " t :  0 . 0 0 1 4  +  0 . 0 0 0 0 5 4  t  +  0 . 4 6 6  A M l r _ 1
( 0 , 0 0 1 2 )  ( 0 . 0 0 0 0 1 4 )  ( 0 . 0 5 8  )

SEE :  0 .0078,  kur tos is  -  IO,847,  skewness :  0 .846

First ten autocorrelatlons of squared reslduals:
o . 2 7  0 . 1 0  0 . L 2  0 . 0 6  0 . 0 0  - 0 . 0 2  0 . 0 s  0 . 0 1  0 . 1 1  0 . 0 3

Lj  ung-Box Q for  squared res lduals :  a(12)  -  20.557 (p -  0 .0573)
LR Test  for  cARcH(O, l )  -  3 t - .333 (p -  0 .0000)
LR Test  for  GARCH(I , I )  -  53.041-  (p :  0 .0000)

BDS statlstlcs for nonlinearlty in the residuals
Enbedding dimension 2 3 4

B D s  ( e - 1 . 0 )  1 . 5 1  2 . 0 1 -  2 . 7 |
B D s  ( e - 0 . 5 )  0 . 8 8  L . 5 2  L . 7 8

Maxirnum likellhood estlnates of GARCH Model for Baslc ARI Model

AMlt  -  0 .0004 + 0.000050 t  + 0.601 aMLr_l  *  € t
( 0 . 0 0 0 9 )  ( 0 . 0 0 0 0 r 2 )  ( 0 . 0 7 6 )

a 2 ,  -  0 , 0 0 0 0 0 5  +  0 . 6 1 6  o 2 . - L  *  0 . 2 9 8  e 2 . - 1
( 0 . 0 0 0 0 0 3 )  ( 0 . 1 2 8 )  ( 0 . 0 9 0 )

Kurtosis and skewness in the standardlzed residuals:
kur tos ls  -  4 .O07 skewness -  0 .068

Examination of nonlinearity ln the standardtzed residuals: BDS statistics
Ernbedding dimenslon 2 3 4

B D S ( e : 1 . 0 )  - 1 .  5 6  - 1 . 5 9  - 1 . 0 5
B D s ( e - o . s )  - 2 . 2 3  - 2 . 2 8  - 2 . 2 5

Outlier/lntervention l,lodel

AMlt  -  0 .0014 + 0.000048 r  + 0.509 Al ,nr- l
( 0 . 0 0 0 8 )  ( 0 . 0 0 0 0 1 2 )  ( 0 . 0 s 6 )

-  0.01_5 AO1959Q1t -  0 .016 ro1959Q4r + 0.01-9 A0l -979Q3r
( 0 . 0 0 4 )  ( 0 . 0 0 s )  ( 0 . 0 0 4 )

-  0.029 IOL980Q2t -  0 .048 I01980Q3r -  0 .016 A01-981Q1-t
(0 .00s)  (0 .00s)  (0 .00s  )

-  0 .014  A01982Q2t  +  0 .019  IO1982Q4t  +  0 .012  LS1985Q1t
(0 .004 )  ( 0 .00s )  ( 0 .003 )

- 0.022 LS1987q3t -  0.0L5 A01989Q2t
(0 .004 )  ( 0 .005 )



Table A14 ( contlnued)
M1

s E E  -  0 . 0 0 5 0 ,  k u r r o s i s  -  3 . 4 2 4 ,  s k e w n e s s  :  0 . 0 1 8

First Een autocorrelations of squared reslduals:
- 0 . 0 3  0 . 0 8  0 . 0 6  0 . 2 2  - 0 . 0 5  0 . 0 5  0 . 1 - 8  0 . 0 5  - 0 . 0 8  0 . 0 2

LJung-Box Q for  squared testduals :  Q(12)  :  f9 .495 (p :  O.O772)
LM Test  for  GARCH(o,4)  -  10.704 (p -  0 ,0301)

8DS statl-stics for nonlinearity ln the residuals
Embeddlng diuension 2 3 4

B D S  ( e - l  . 0 )  - O  . 3 7  0 .  1 4  1 . 0 0
B D s ( e - 0 . 5 )  O . 2 4  O . L 7  0 .  3 9

Notes:  Data are in  logar i thrns,  Sanple per iod ls  1947Q3-1990Q2.

I 0 d a t e . - l i f t - d a t e
0 otherwise

Aodater  -  (1  -  0 .509L)  Iodaret

Lsdarer  -  (1  -  0 .509L)  LsDUl4,  LSDUMT -  1> dare
0 otherwise



Table A15
ARI and Intervention Models fot M2

Basic ARI Model

A M 2 r :  0 . 0 0 2 6  +  0 . 0 0 0 0 2 5  t  +  0 . 6 9 5  A t ! 2 r _ 1
( 0 . 0 0 1 0 )  ( 0 . 0 0 0 0 1 0 )  ( 0 . 0 s 7 )

S E E  -  0 . 0 0 5 8 ,  k u r t o s i s  :  6 . L 2 4 ,  s k e w r e s s  -  0 , 9 1 9

First ten autocorrelations of squared reslduals:
0 . 1 s  - 0 . 0 1  0 . 0 2  - 0 . 0 6  - 0 . 0 3  0 . 0 1  0 . 0 1  0 . 0 4  0 . 0 8  0 . 2 6

LJung-Box Q for  squared res lduals :  Q(12)  -  20.198 (p -  0 ,0634)
L R  T e s t  f o r  G A R C H ( O , I )  -  3 . 6 3 0  ( p  :  0 . 0 5 5 7 )
LR Test  for  GARCH(1- ,1)  *  4 .108 (p -  0 .12e2)

BDS statistics for nonlinearity in the resldual-s
Enbeddlng dimension 2 3 4

B D s ( e - 1 . 0 )  2 . 2 4  2 . 3 7  2 . 7 3
B D s ( e : 0 . 5 )  2 . 7 8  4 . 3 1  5 . 4 I

outl ierlIntervention Model

A M 2 r :  0 . 0 0 1 - 5  +  0 . 0 0 0 0 4  t  +  0 . 7 0 1 -  A M 2 r - 1
( 0 . 0 0 0 8 )  ( 0 . 0 0 0 0 1 )  ( 0 . 0 5 3 )

+ 0.014 ro1958Q2t + 0.01"7 ro l ,975Q2t  + 0.017 AO1980Q3r
(0 .00s)  (0 .00s)  (0 .004)

+  0 . 0 2 5  A O 1 9 8 3 Q l r  -  0 . 0 1 4  L S 1 9 8 5 Q 2 t
( 0 . 0 0 4 )  ( 0 . 0 0 3 )

SEE -  0,0046,  kur tos is  -  2 .935,  skeruness :  0 .18L

First ten autocorrelatlons of squared reslduals:
- 0 . 0 4  - 0 . 0 0  0 . 2 I  0 . 0 5  0 . 1 1  - 0 . 0 5  0 . 0 5  0 . 0 8  0 . 0 4  - 0 . 0 6

LJung-Box Q for  squared res iduals :  Q(12)  -  16.154 (p -  0 . f843)
LM Test  for  GARCH(O,3)  -  8 .L32 (p -  0 .0434)

BDS statistics for nonlinearity in the reslduals
Ernbeddtng dimenslon 2 3 4

B D s  ( e - 1 . 0 )  0 . L 5  - 0 . 1 4  0 . 4 3
B D s  ( e : 0 . 5 )  - 0 . 8 1  - 0 . 7 9  O . 5 2

Notes:  Data are ln  logar l thms.  Sarnple per iod ls  1947Q3-1990Q2.
I o d a t e . - 1 i f t - d a t e

0 otherwlse
Aodaret - (1" - 0.701L) Iodaret
Lsdaret  :  (1  -  0 .701L)  LSDUMt,  LSDU4 :1 i f  r  >  dare

0 otherwise
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