

























































































Supplementary Tables for

Large Shocks, Small Shocks, and Economic Fluctuations:
Qutliers in Macroeconomic Time Series

Nathan S. Balke
and

Thomas B, Fomby

General Notes:

We employ two tests for GARCH. The first is the Lagrange Multiplier
(LM) test for GARCH(0,q) versus the null of homoscedasticity. This is the LM
test described by Engle (1982). The test statistic is given by T*R? where the
R? term is from squared residuals regression and T is the number of
observations. This test is asymptotically distributed x> with q degrees of
freedom. We also use the Likelihood Ratio (LR) test for GARCH(p,q) versus the
null of homoscedasticity. We use the LR test for testing for GARCH in the
residuals of the basic ARI model since we are also interested in estimating
via maximimum likelihood a particular GARCH model. We use the LM test to test
for GARCH(0,q) in the intervention model since all we wish to do is determine
whether ARCH type behavior is still present the residuals of the intervention
model .

The BDS statistics are calculated using the residuals of the Basic and
Outlier models and the standardized residuals of the ARCH model. Under the
null of linearity the asymptotic distribution of the BDS statistics is N(0,1).
The first row corresponds to the BDS statistics with "e" set equal to one
standard deviation of the residuals. The second row corresponds to an "e" set
equal to 0.5 standard deviation.




Table Al
ARI and Intervention Models for real GNP

Basic ARI Model

Agnp, = 0,004 + 0.323 Agnp.; + 0.132 Agnp,.,
(0.001) (0.077) (0.077)

SEE = 0.0100, kurtosis = 3,910, skewness = 0.028

First ten autocorrelations of squared residuals:
0.08 0.11 0.04 0.10 -0.05 -0.00 -0.01 0.01L 0.01 -0.04

Ljung-Box Q for squared residuals: Q(12) -~ 6.273 (p = 0.9017)
LR Test for GARCH(D,1) = 1,888 (p = 0.169)
LR Test for GARCH(1l,1) = 5.798 (p =~ 0.0551)

Test for nonlinearity in the residuals: BDS statisties

Embedding dimension 2 3 4
BDS(e=1.0) 0.96 1.82 2,33
BDS{e=0.5) 0.46 0.64 0.03

Outlier/Intervention Model

Agnp, = 0.004 + 0.377 Agnp..; + 0.113 Agnp, .,

(0.001) (0.074) (0.074)
+ 0.039 101950Ql, - 0.030 A01980Q2,
(0.009) (0.009)

SEE = 0.0093, kurtosis = 2.801, skewness = -0.111

First ten autocorrelations of squared residuals:
0.09 0.08 0.16 0.02 -0,02 -0.00 -0.08 0.04 0.10 0.09

Ljung-Box Q for squared residuals: Q(12) = 13.112 (p = 0.3605)
1M Test for GARCH(0,3) = 6.011 (p = 0.1111)

Test for momlinearity in the residuals: BDS statistics

Embedding dimension 2 3 4
BDS(e=1.0) 0.44 1.01 1.51
BDS(e=0.5) -0.47 0.31 -0.19

Notes: Data are in logarithms. Sample period is 1947Q4-19%0Q2.
I0date, = 1 if t = date, AOdate, = (1 - 0.377L - 0.113L2?)IOdate,
0 otherwise




Table A2
ARI and Intervention Models for Consumption

Basic ART Model

Ac, = 0.006 + 0,047 Ac,, + 0.218 Ac,,
(0.001)  (0.075) (0.075)

SEE

0.0078, kurtosis = 5.635, skewness = -0.585

First ten autocorrelations of squared residuals:
0.23 0.17 0.12 -0.01 -0.02 0.01 -0.06 0.02 -0.02 -0.04

Ljung~-Box Q for squared residuals: Q{12) = 18.483 (p = 0.1019)
IR Test for GARCH{(0,1) = 8.671 (p = 0.0032)
IR Test for GARCH(1,1) = 13.663 (p = 0.0011)

Test for nonlinearity in the residuals: BDS statistics

Embedding dimension 2 3 4
BDS (e=1.0) -0.55 0.05 0.72
BDS{e=0.5) -1.07 -0.61 -1.16

Maximum likelihood estimates of GARCH Model for Basic ARI Model

Ac, = 0.005 + 0,118 Ac,., + 0.224 Ac,, + ¢,
(0.001)  (0.102) (0.088)

0%, = 0.0002 + 0,490 o2, + 0.190 €2,
(0.0001)  (0.212) (0.080)

Excess kurtosls and skewness in the standardized residuals:
kurtosis = 4,173, skewness = -0.335

Examination of nonlinearity in the standardized residuals: BDS statistics

Embedding dimension 2 3 4
BDS(e=1.0) -1.87 -1.82 -1.139
BDS(e=0.5) -2.30 -1.65 -1.47

Outlier/Intervention Model

Ae, = 0.005 + 0.144 Ac,, + 0.238 Ac,., + 0.027 1I01950Q3,
(0.001) (0.073) {(0.0701) (0.006)
- 0.035 101950Q4, - 0.022 A01951Q2, - 0.019 A01958Ql,
(0.007) (0.006) (0,006)
- 0.023 A01974Q4, - 0.028 A01980Q2,
(0.006) (0.0086)
SEE = 0.0060, kurtosis = 2.568, skewness = ~0.033




Table A2 (continued)

Consumption

First ten autocorrelations of squared residuals:

-0.10 -0.00 0.12 -0.05 O,

04 -0.14 -0,05 0,03 0.03 -0.01

Ljung-Box Q for squared residuals: Q(12) = 10.057 (p = 0.6109)
LM Test for GARCH(0,3) = 4.017 (p = 0.2597)

Test for nonlinearity in the residuals: BDS statistics

Embedding dimension 2 3
BDS(e=1.0) -1.71 -1.63
BDS(e=0.5) -1.98 -2.02

Notes: Data are in logarithms,

I0date, = 1 if t = date
0 otherwise

ADdate, = (1 - .144L - 0.

4
-1.55
-1.79

Sample period 1is 1947GQ4-1990Q2.

238L2%) IOdate,




Table A3
ART and Intervention Models for Fixed Investment

Basis ART Model

Ai, = 0,004 + 0.471 Ai_,, SEE = 0.,0253
(0.002) (0.068) kurtosis = 4,709, skewness = -0,156

First ten autocorrelations of squared residuals:
0.16 0.00 -0.07 -0.09 -0.05 0.01 0.05 0.10 0.05 0.11

Ljung-Box Q for squared residuals: Q(12) = 13.767 (p = 0.3159)
LR Test for GARCH(O,l) = 4.9271 (p = 0.0264)

BDS sgtatistics for nonlinearity in the residuals

Embedding dimension 2 3 4
BDS8(e=1.0) 1.96 1.71 1.17
BDS(e=0.5) 1.98 1.32 0.40

Maximum likelihood estimates of GARCH Model for Basic ARI Model

Al, = 0.004 + 0.493 Ai,, + e, o, = 0.0005 + 0.137 €2,
(0.002)  (0.071) (0.0001)  (0.009)

Kurtosis and skewness in the standardized residuals:
kurtosis = 4,793, skewness =~ -0.379

Examination of nonlinearity in the standardized residuals: BDS statisties
Embedding dimension 2 3 4

BDS (e=1.0) -0.2¢6 -0.26 -0.60
BDS(e=0.5) 0.35 0.31 -0.01

Outlier/Intervention Model

Al, = 0.004 + 0.547 Ai,.; - 0,088 A01952Q3, - 0.102 A01980Q2,
(0.002) (0.064) (0.019) (0.019)

SEE = 0.0226, kurtosis = 3.016, skewness = 0.133

First ten autocorrelations of squared residuals:
0.05 0.05 0.00 -0.03 0.02 0.04 0.05 0,01 0.04 0.12

Ljung-Box Q for squared residuals: Q(12) = 5,104 (p = 0,954)
IM Test for GARCH(0,1) = 0.367 (p = 0.5449)

BDS statistics for nonlinearity in the residuals

Embedding dimension- 2 3 4
BDS(e=1.0) 0.88 0.76 0.30
BDS(e=0.5) 0.45 0.73 0.11

Notes: Data are in logarithms. Sample period is 1947Q3-1990Q2.
I0date, = 1 if t = date, A0date, = (1 - 0.547L) ICdate,
0 otherwise




Table A&
ARI and Intervention Models for Industrial Production

Basic ARI Model

Aip, = 0.008 + 0.604 Aip,, - 0.317 Aip,., + 0.258 Aip,., - 0.356 Aip,.,
(0.002)  (0.073) (0.084) (0.084) (0.073)

SEE = 0,0188, kurtosis = 5.006, ckewness = -0,491

First ten autocorrelations of squared residuals:
0.21 0.08 0.07 0.15 0.06 0.00 0,11 0.02 0.08 -0.05

Ljung-Box Q for squared residuals: Q(12) = 18.119 (p = 0.1121)
IR Test for GARCH(0,1) = 13.080 (p = 0.0003)

BDS statistics for nonlinearity in the residuals

Embedding dimension 2 3 4
BDS(e=1.0) 3.21 3.58 3.98
BDS{e=0.5) 2.79 2.5%4 3,73

Maximum likelihood estimates of GARCH Madel for Basic ARI Model

Afp, = 0.009 + 0.561 Alp,, - 0.264 Aip,., + O0.168 Aip,., - 0.316 Aip,_,
(0.002)  (0.087) (0.065) (0.065) (0.068)

o2, = 0.00024 + 0.316 €2,
(0.00004)  (0.126)

Kurtosis and skewness in the standardized residuals:
kurtosis = 4,256, skewness = -0.384

Examination of nonlinearity in the standardized residuals: BDS statistics

Embedding dimension 2 3 4
BDS(e=1.0) -0.61 -0.22 -0.46
BDS(e=0.5) -0.81 -0.21 1.15
Qutlier/Intervention Model
Aip, = 0.008 + 0.590 Aip,, - 0.264 Aip.., + 0.257 Aip,.; - 0.372 Aip.,
{0.002) (0.068) (0.081) {0.082) (0.069)
- 0.059 101959Q3, + 0.046 A01960Ql, - 0.079 I01975Ql,
(0.017) (0.014) (0.017)

SEE = 0.0167, kurtosis = 3.744, skewness = 0.140

First ten autocorrelations of squared residuals:
0.05 0.06 0.16 0.09 0.11 -0.02 0.04 0.22 -0.01 -0.05

Ljung-Box Q for squared residuals: Q(12) = 22.288 (p = 0.0344)
IM Test for GARCH(0,3) = 4.964 (p = 0.1744)




Table A4 (continued)
Industrial Production

BDS statistics for nonlinearity in the residuals

Embedding dimension- 2 3 4
BDS{e=1.0) 0.88 0.76 0.30
BDS(e=0.5) 0.45 0.73 0.11

Notes: Data are in logarithms. Sample period is 1948Q2-1990Q2.

I0date, = 1 if t = date
0 otherwise

ADdate, = (1 - .590L + 0.26412 - 0,257L% + 0.372L%) IOdate




Table A5
ARI and Intervention Models for Labor Productivity
(Output per hour - Manufacturing)

Basic ARI Model

Aprod, = 0.007 + 0.300 Aprod,.; - 0.233 Aprod,., + 0.167 Aprod,.s
(0.001)  (0.076) (0.079) (0.079)

- 0,208 Aprod,_,
(0.076)

SEE = 0.0104, kurtosis = 4.144, skewness =~ -0.546

First ten autocorrelations of squared residuals:
0.09 0.04 0.09 0.13 0.07 0.03 0.26 -0.06 -0.00 0.01

Ljung-Box Q for squared residuals: Q(12) = 19.680 (p = 0.0734)
LR Test for GARCH(1,1) = 9.353 (p = 0.0093)

BDS statistics for nonlinearity in the residuals

Embedding dimension 2 3 4
BDS (e=1.0) 1.12 2,32 2.86
BDS(e=0.5) 2.22 3.10 3.15

Maximum likelihood estimates of GARCH Model for Basic ARI Model

Aprod, = 0.006 + 0,291 Aprod,.;, - 0.151 Aprod,., + 0.144 Aprod,_,
(0.001) (0.100) (0.098) (0.095)
- 0.177 Aprod,_, + €,
(0.077)
o? = 0.000011 + 0.749 a2, + 0.145 €2,
(0.000009) (0.126) (0.084)

Kurtosis and skewness in the standardized residuals:
kurtosis = 4,066, skewness = -0.511

Examination of nonlinearity in the standardized residuals: BDS statistics

Embedding dimension 2 3 4
BDS(e=1.0) -1.27 -1.02 -1.14
BDS(e=0.3) -0.81 -0.21 1.15
Qutlier/Intervention Model
Aprod, = 0.007 + 0.312 Aprod,, - 0.240 Aprod,., + 0.187 Aprod,_,
(0.001) (0.072) (0.073) (0.073)
- 0.167 Aprod,., - 0.033 1I01957Q4, - 0.040 I01959Q2,
(0.072) (0.009) (0.010)

- 0.032 A01974Q1,
(0.009)




Table 5 (continued)
Labor Productivity
SEE = 0.,0094, kurtosis = 3.155, skewness = -0.052

First ten autocorrelations of squared residuals:
-0.01 0.15 -0.04 0.04 -0.06 0.00 0.00 0.03 0.06 0.00

Ljung-Box Q@ for squared residuals: Q(12) = 7.972 (p = 0.7873)
IM Test for GARCH(0,2) = 3.668 (p = 0.1598)

BDS statistics for nonlinearity in the residuals

Embedding dimension- 2 3 4
BDS(e=1.0) 0.88 0.76 0.30
BDS(e=0.5) 0.45 0.73 0.11

Notes: Data are in logarithms. Sample period is 1948Q2-1990Q2.
I0date, = 1 if t = date
0 otherwise
AOdate, = (1 - 0.312L + 0.240L2 - 0.187L® + 0.167L%) IOdate,




Table A6 _
ARI and Intervention Models for Unemployment Rate

Basic ARI Model

Aun, = 0.040 + 0.788 Aun,; - 0.247 Aun,_,
(0.026) (0.076) (0.076)

SEE = 0.3330, kurtosis = 3.708, skewness = 0,440

First ten autocorrelations of squared residuals:
6.23 0.11 0.20 0.15 0.08 (0.09 0.02 0.07 -0.03 -0.10

Ljung-Box Q for squared residuals: Q(12) = 27.479 (p = 0.0066)
IR Test for GARCH(1,3) =~ 36.053 (p = 0.0000)

BDS statistics for nonlinearity in the residuals

Embedding dimension 2 3 4

BDS(e=1.0) 3.77 5.80 7.96

BDS(e=0.5) 4,94 7.78 12,00
Maximum likelihood estimates of GARCH Model for Basic ARI Model
Aun, = -0.017 + 0.757 Aun,, - 0.166 Aun,, + ¢,

(0.024) (0.096) (0,092)
o, = 0.013 + 0.434 g%, + 0.290 €2,; - 0.074 €2,_, + 0.250 €3,
(0.007) (0.251) (0.127) (0.143) (0.193)

Kurtosis and skewness in the standardized residuals:
kurtosis = 4,033, skewness = 0.763

Examination of nonlinearity in the standardized residuals; BDS statistics

Embedding dimension 2 3 4
BDS(e=1.0) 1.31 1.85 2.25
BDS (e=0.5) 0.37 2,07 5.00
Outlier/Intervention Model
fun, = -0.020 + 0.751 Aun,., - 0.238 Aun,, + 1.045 I01975Q1,
(0.025) (0.075) (0.074) (0.330)

SEE = 0.324, kurtosis = 3,680, skewness = 0.403

First ten autocorrelations of squared residuals:
0.18 0.06 0.25 0.13 0.12 0.13 0.05 0.10 -0.00 -0.07

Ljung-Box Q for squared residuals: Q(12) = 28.250 (p = 0.0051)
1M Test for GARCH(O0,4) = 15.626 (p = 0,0036)




Table A6 (continued)
Unemployment

BDS statistics for nonlinearity in the residuals

Embedding dimension- 2 3 4
BDS(e=1.,0) 2.72 4.77 7.01
BDS (e=0.5) 4.03 7.30 11.65

Notes: Data are in levels, Sample period is 1948Q3-1990Q2.

IDdate, = 1 if t = date
0 otherwise

AOdate, = (1 - 0.751L + 0.2381L%) IOdate,




Table A7
ARI and Intervention Models for Employment

Basic ART Model

Aem, = 0.002 + 0.498 Aem,,
(0.0005) (0.067)

SEE = 0.0050, kurtosis = 5.071, skewness = -0.437

First ten autocorrelations of squared residuals:
0.18 0.10 -0.04 0.08 -0.01 -0.05 -0.07 -0.01 0.04 0.086

Ljung-Box Q for squared residuals: Q(12) = 18.962 (p = 0.0894)
LR Test for GARCH(0,l) = 16.464 (p = 0,0000)

BDS statistics for nonlinearity in the residuals

Embedding dimension 2 3 4
BDS(e=1.0) 2,07 3.09 3.35
BDS(e=0.5) 0.56 2.10 1.36

Maximum likelihood estimates of GARCH Model for Basic ARI Medel

Aem, = 0.002 + 0.624 Aem,, + e,
(0.0005) (0.072)

o, = 0.000055 + 0.431 €2,
(0.000002) (0.135)

Kurtosis and skewness in the standardized residuals:
kurtosis = 3.421, skewness = -0.147

Examination of nonlinearity in the standardized residuals: BDS statisties
Embedding dimenzion 2 3 4
BDS(e=1.0) 0.15 1.27 1.40
BDS(e=0.5) 0.94 2.94 3.53

Outlier/Intervention Model

bem, = 0.0019 + 0.536 Aem., + 0.016 101950Q2,

(0.0004)  (0.062) (0.004)
- 0.019 A01953Ql, - 0.014 101958Qt, - 0.013 A01975QL,
(0.004) (0.004) (0.004)

SEE = 0.0044, kurtosis = 3.250, skewness = -0,232

First ten autocorrelations of squared residuals:
0.03 0.11 -06.04 0.10 0.03 -0.03 0.02 -0.04 -0.03 0.01

Ljung-Box Q for squared residuals: Q(12) = 18.962 (p = 0.0894)
IM Test for GARCH(0,2) = 2,150 (p = 0.3414)




Table A7 (continued)

Employment
BDS statistics for nonlinearity in the residuals
Embedding dimension 2 3 4
BDS(e=1.0) 2.07 3.09 3,35
BDS{e=0.5) 0.56 2.10 1.36

Notes: Data are in logarithms. Sample period is 1947Q3-1990Q2.

I0date, = 1 if t = date
0 otherwise

A0date, = (1 - 0.536L) IOdate,




Table A8
ARI and Intervention Models for GNP Deflator

Bagsic ART Model

Ap, = 0.003 + 0.453 Ap,; + 0.298 Ap..,
(0.001) (0.074) (0.074)

SEE = 0.0056, kurtosis = 5,224, skewness = (.078

First ten autocorrelations of squared residuals:
0.19 0.07 0.16 0.23 0.09 0.12 0.17 0.01 0.15 0.29

Ljung-Box Q for squared residuals: Q(12) = 76.165 (p = 0.0000)
IR Test for GARCH{0,4) = 23.168 (p = 0.0005)

BDS statistics for nonlinearity in the residuals

Embedding dimension 2 3 4
BDS(e=1.0) 3.32 4.62 5.18
BDS (e=0.5) 3.29 3.76 4.70

Maximum likelihood estimates of GARCH Model for Basic ARI Model

Ap, = 0.00088 + 0,522 Ap,., + 0.375 Ap,., + €
(0.00058)  (0.077) (0.082)

a2, = 0.000010 + 0.077 €2,., + 0.199 ¢, + 0.150 e2,., + 0.265 €2,
(0.000003)  (0.083) (0.131) (0.103) (0.106)

Kurtosis and skewness in the standardized residuals:
kurtosis = 4.292, skewness = 0.273

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

BDS{e=1.0) 0.22 0.25 0.33
BDS(e=0.5) -1.08 -0.74 -0.68

Qutlier/Intervention Model

Ap, = 0.011 + 0,284 Ap,, + 0.195 Ap.., + 0.015 A01947Q4,

(0.002) (0.072) (0.073) (0.004)

- 0.017 Ls1948Q4, + 0.021 101950Q3, + 0.017 A01951Q1,
(0.003) (0.004) (0.004)

+ 0.012 A01952Q4, + 0.014 A01954Ql, + ©0.009 LS1967Q4,
(0.004) (0.004) (0.002)

+ 0.006 LS1973Q2, + 0.015 I01974Q3, =~ 0.010 LS1982Q4,
(0.002) (0.004) (0.002)

SEE = 0.0038, kurtosis = 2.855, skewness = -0.282




Table A8 (continued)
GNP Deflator

First ten autocorrelations of squared residuals:
0.04 -0.03 0.03 -0.092 -0.01 -0.09 -0.07 0.02 0.23 0.10

Ljung-Box Q for squared residuals: Q(12) = 16.744 (p =~ 0.1595)
LM Test for GARCH(O0,4) = 2.129 (p = 0.7120)

BDS statistics for nonlinearity in the residuals

Embedding dimension 2 3 4
BDS(e=1.0) 0.51 -0.05 0.21
BDS(e=0.5) -0.20 0.05 -0.34

Notes: Data are in logarithms. Sample period is 1947Q4-1990Q2

I0date, = 1 if t = date
0 otherwise

AOdate, = (1 - .284L - 0.1951%) IOdate,

LSdate, = (1 - .284L - 0.1951%) LSDUM,, LSDUM, = 1 t = date
0 otherwise




Table A9
ARI and Intervention Models for Consumer Price Index (CPI)

Basis ARI Model

Acpi, = 0.0019 + 0.728Acpi,., - 0.053acpi, , + 0.423Acpi,.; - 0.292Acpi,.,
(0.0006) (0.075) (0.089) (0.089) (0.075)

SEE = 0.0052, kurtosis = 8,777, skewness = -0.830

First ten autocorrelations of squared residuals:
0.35 0.06 0.07 0.06 0.01 0.02 0.01 -0.03 0.20 0.33

Ljung-Box Q for squared residuals: Q(12) = 50.380 (p = 0.0000)
LR Test for GARCH(0,1) = 31.230 (p = 0.0000)
LR Test for GARCH(1l,1) = 42.232 {(p = 0.0000)

BDS statistics for monlinearity in the residuals

Embedding dimension 2 3 4
BDS (e=1.0) 4.82 5.78 6.28
BDS(e=0.5) 5.95 7.67 8.52

Maximum likelihood estimates of GARCH Model for Basic ARI Model

Aepi, = 0.011 + 0.66lAcpi,, + 0.118Acpi,., + 0.380Acpi,., - 0.276Acpi,
(0.005) (0.093) (0.084) (0.098) (0.076)

o?, = 0.0000027 + 0.529 o2, + 0.429 €%,
(0.0000015) (0.119) (0.131)

Kurtosis and skewness in the standardized residuals:
kurtosis = 5,483, skewness = -0.641

Examination of nonlinearity in the standardized residuals: BDS statistics

Embedding dimension 2 3 4
BDS(e=1.0) 0.54 0.52 0.37
BDS(e=0.5) 1.77 1.49 0.20

Qutlier/Intervention Model

Aepi, = 0.002 + 0,.658Acpi,.; - 0.092Acpi,., + 0.368Acpi,.; - 0.311Acpi.,

(0.001) (0.070) (0.081) (0.082) (0.069)
- 0.020 101948Q4, + 0.023 AC1951Ql, ~- 0.012 A01951Q3,
(0.004) (0.003) (0.003)
+ 0.007 LS1967Q3, + 0.009 L$1973Ql, - 0.011 LS1982Q4,
(0.002) (0.002) (0.002)

- 0.011 A01986Q2,
(0.002)

SEE = 0.0038, kurtosis = 3.310, skewness = 0.110




Table A9 (continued)
Consumer Price Index

First ten autocorrelations of squared residuals:
0.28 0.15 0.04 0.09 0.18 0.06 0.02 -0.09 -0.02 0.08

Ljung-Box Q for squared residuals: Q(12) = 28.459 (p =~ 0.0047)
LM Test for GARCH(O0,l) = 13.531 (p = 0.0002)

BDS statistics for nonlinearity in the residuals

Embedding dimension 2 3 4
BDS(e=1.0) 3.78 4.87 4.68
BDS(e=0.5) 3.32 5.57 4.26

Noteg: Data are in logarithms. Sample period is 1948Q2-19920Q2.

I0date, = 1 if t = date
0 otherwise

AOdate, = (1 - 0.658L + 0.092L% - 0.368L°> + 0.311L*) IOdate,

LSdate, = (1 ~ 0.658L + 0.0921L2 - 0.368L3

+

0.311L%) LSDum,, LSDUM, = 1 if t > date
0 otherwise




Table Al0Q
ARI and Intervention Models for Compensation per Hour (Manufacturing)

Basic ARI Model

Acomp, = 0.004 + 0.377 Acomp,.; + 0.147 Acomp,., + 0.201 Acomp,.s
(0.001) (0.075) (0.079) (0.074)

SEE = 0,0069, kurtosis = 5,863, skewness = 1.055

First ten autocorrelations of squared residuals:
0.05 0.02 0.25 0.11 0.10 0.02 0.08 0.24 -0,05 -0.02

Ljung-~Box Q for squared residuals: Q(12) = 49.573 (p = 0.0000)
LR Test for GARCH(0,3) = 22.274 (p = 0.0001)

BDS statistics for nonlinearity in the residuals

Embedding dimension 2 3 4
BDS(e=1.0) 1.95 1.89 2.15
BDS(e=0.5) 1.65 2.14 1.91

Maximum likelihood estimates of GARCH Model for Basic ARI Model

Acomp, = 0.0036 + 0.454 Acomp,.; + 0.206 Acomp,., + 0.088 Acomp,_;

(0.0011)  (0.090) (0.087) (0.079)
0%, = 0.000022 + 0.312 €%, - 0.012 e%,_, + 0.184 e?,_,
(0.000005)  (0.137) (0.080) (0.075)

Kurtesis and skewness in the standardized residuals:
kurtosis = 3.184 skewness = 0.470

Examination of nonlinearity in the standardized residuals: BDS statistics

Embedding dimension 2 3 4
BDS (e=1.0) -0.76 =0.74 -0.93
BDS(e=0.53) -1.37 -0.55 0.72

Qutlier/Intervention Model

Acomp, = 0.006 + 0.350 Acomp,, + 0.031 Acomp,., + 0.094 Acomp,_,

(0.001) (0.070) (0.071) (0.068)
+ 0.025 A01948Ql, - 0,020 A01949Q4, + 0.034 I01950Q4,
(0.005) (0.005) (0.005)

+ 0.016 A01952Q4, + 0.017 101956Q2, + 0.011 LS1973Ql,
(0.005) (0.003) (0.002)

- 0.014 Ls1982Q4,
(0.002)

SEE = 0.0052, kurtosis = 3.125, skewness = 0,280




Table Al10 {(continued)
Compensation per Hour

First ten autocorrelations of squared resziduals:
-0.08 0.07 0.05 -0.03 0.07 -0.09 -0.02 -0.01 -0.06 -0.08

Ljung~-Box Q for squared residuals: Q(12) = 7.193 (p = 0.8446)
IM Test for GARCH(0,1) = 0.974 (p = 0.3238)

BDS statistics for nonlinearity in the residuals

Embedding dimension 2 3 4
BDS(e=1.0) ~0.73 -0.79 -0.20
BDS(e=0.5) -1.26 -0.70 0.92

Notes: Data are in logarithms. Sample period is 1948Q1-1990Q2.

I0date, = 1 if t = date
0 otherwise

AOdate, = (1 - 0.350L - 0.031L? - 0.094L®) IOdate,
LSdate, = (1 - 0.350L - 0.031L? - 0.094L®) LSDUM,,

LSDUM, = 1 if t = date
0 otherwise




Table All
ART and Intervention Models for Yields on AAA Bonds

Basic ARI Model

Araaa, = 0.0075 + 0.334 Araaa,., - 0.095 Araaa
(0.0039) {0.077) (0.077)

SEE = 0.0394, kurtosis = 4,238, skewness = -0.137

First ten autocorrelations of squared residuals:
0.24 0.27 0.14 0.05 0.03 0,06 0.02 0.11 0.00 0.21

Ljung-Box Q for squared residuals: Q(12) = 46,302 (p = 0,0000)
LR Test for GARCH(0,2) = 18.470 (p = 0.0001)

BDS statisties for nonlinearity in the residuals

Embedding dimension 2 3 4
BDS{e=1.0) 3.79 5.13 7.15
BDS(e=0.5) 5,09 7.61 13.32

Maximum likelihood estimates of GARCH Model for Basic ARI Model

Araaa, = 0.0077 + 0,384 Araaa,.; - 0.084 Araaa,.,
(0.0029) (0.090) (0.082)
g%, = 0.00079 + 0.338 ¢2,;, + O0.186 €2,,
(0.00013) (0.198) (0.143)

Kurtosis and skewness in the standardized residuals:
kurtosis = 4.626 skewness = 0,304

Examination of nonlinearity in the standardized residuals: BDS statistics

Embedding dimension 2 3 4
BDS{e=1.0) -0.34 -0.11 1.59
BDS{e=0.5) 1.13 0.95 3.59
Qutlier/Intervention Model
Araaa, = 0.0053 + 0.353 Araaa,, - 0.143 Araaa_,
(0.0028) (0.077) (0.076)
+ 0.127 101979%Q4, + 0.124 A01980Q1, - 0.138 A01982Q4,
(0.036) (0.034) (0.033)

SEE = 0.0353, kurtosis = 3,088, skewness = 0.025

First ten autocorrelations of squared residuals:
0.13 0.12 0.18 0.05 0.18 -0.04 0.09 0.10 -0.01 -0.02

Ljung-Box Q for squared residuals: Q(12) = 21.457 (p = 0.0440)
IM Test for GARCH(0,3) = 9.214 (p = 0,0266)
IM Test for GARCH(0,5) = 13.706 (p = 0.0176)




Table All (continued)
AAA Bond Yields

BDS statistics for nonlinearity in the residuals

Embedding dimension 2 3 4
BDS{e=1.0) 3.47 4.68 6.72
BDS{e=0.5) 4.67 7.06 11.86

Notes: Data are in logarithms., Sample period is 1947Q4-1930Q2.

I0date, = 1 if t = date
0 otherwise

A0date, = (1 - 0.353L + 0.143L%) IOdate,




Table Al2
ART and Intervention Meodels for Nominal Stock Prices

Basic ARI Model

Asp, = 0.013 + 0.29%4 Asp,,
(0.005) (0.073)

SEE = 0.0360, kurtosis = 5.%11, skewness = -0.503

First ten autocorrelations of sgquared residuals:
-0.02 0.03 0.09 -0.04 -0.01 -0.05 0.00 -0.09 -0.01 -0.06

Ljung-Box Q for squared residuals: Q(12) = 5.312 (p = 0.9467)
IR Test for GARCH(O0,1) = 0.1216 (p = 0.9687)

BDS statistics for nonlinearity in the residuals

Embedding dimension 2 3 4
BDS{e=1.0) -0.37 0.65 1.34
BDS(e=0.5) -0.86 1.19 0.97

Qutliexr/Intervention Model

Asp, = 0.014 + 0.344 Asp,, - 0.138 A0O1957Q4,
(0.004)  (0.067) (0.045)
- 0.176 I01974Q3, + 0.170 101982Q4, - 0.261 A01987Q4,
(0.048) (0.048) (0.045)

SEE = 0.0476, kurtosis = 3.244, skewness = 0.288

First ten autocorrelations of squared residuals:
-0.05 0.07 0.00 0.07 0.06 -0.13 0.01 ~0.05 -0.06 -0.03

Ljung-Box Q for squared residuals: Q({12) = 7.541 (p = 0.8199)
IM Test for GARCH(0,1) = 0.396 (p = 0.5294)

BDS statistics for nonlinearity in the residuals

Embedding dimension- 2 3 4
BDS{e=1.0) -0.85 0.70 1.17
BDS{e=0.5) -0.00 2.21 1.61

Notes: Data are in logarithms. Sample period is 1947Q3-1990Q2.

I0date, = 1 if t = date
0 otherwise

AQdate, = (1 - 0.344L) IOdate,




Table Al3
ART and Intervention Models for Money Base

Basic ARI Model

Amb, = 0.0005 + 0.000037 t + 0.468 Amb..; - 0.059 Amb,_, + 0.294 Amb_,
(0.0007) (0.000013) (0.075) (0.083) (0.,076)

SEE = 0,0048, kurtosis = 2,972, skewness = -0.250

First ten autocorrelations of squared residuals:
-0.04 0.18 0.00 -0.00 -0.05 0.13 0.09 0.04 -0.07 0.05

Ljung-Box Q for squared residuals: Q(12) = 13.161 (p = 0.3574)
LR Test for GARCH(0,2) = 3.313 (p = 0.1908)

BDS statistics for nonlinearity in the residuals

Embedding dimension 2 3 4
BDS(e=1.0) 0.83 1.73 1.77
BDS (e=0.5) 0.07 0.18 1.15

Outlier/Intervention Model

Amb, = 0.0005 + 0.000025 t + 0.424 Amb,,; - 0.090 Amb,_,
(0.0008) (0.000012) (0.075) (0.082)

+ 0.266 Amb,_, + 0.008 LS1961Q4,
(0.077) (0.003)

SEE = 0.0047, kurtosis = 3,152, skewness = -0,165

First ten autocorrelations of squared residuals:
-0.03 0.17 0.01 -0.00 -0.07 0.12 0.08 0.02 0.00 0.05

Ljung-Box Q for squared residuals: Q(12) = 13,161 (p = 0.3574)
IM Test for GARCH(0,2) = 5.354 (p = 0.0688)

BDS statistics for nonlimearity in the residuals

Embedding dimension 2 3 4
BDS(e=1.0) 0.83 1.73 1.77
BDS (e=0.5) 0.07 0.18 1.15

Notes: Data are in logarithms. Sample period is 1948Q1-1990Q2.

I0date, = 1 if t = date
0 otherwise

AOdate, = (1 - 0,424L + 0.090L2 - 0.266L%) IOdate,
LSdate, = (1 - 0,424L + 0.090L2 - 0.266L%) LSDUM, ,

LSDUM, = 1 if t = date
0 otherwise




Table Al4
ARI and Intervention Models for Ml

Basic ARI Model

AM1, = 0.0014 + 0.000054 t + 0.466 AM1,_,
(0.,0012) (0.000014) (0.068)

SEE = 0,0078, kurtosis = 10,847, skewness = 0.846

First ten autocorrelations of squared residuals:
0.27 0.10 0.12 0.06 0.00 -0.02 0©.05 0.01 0.11 0.03

Ljung-Box Q for squared residuals: Q(12) = 20.557 (p = 0,0573)
IR Test for GARCH(O,1) = 31.333 (p = 0.0000)
IR Test for GARCH(1,1) = 53.041 (p = 0.0000)

BDS statistics for nonlinearity in the residuals

Embedding dimension 2 3 4
BDS(e=1.0) 1.51 2,01 2.71
BDS(e~0.5) 0.88 1.52 1.78

Maximum likelihood estimates of GARCH Model for Basic ARI Model

AM1, = 0.0004 + 0.000050 t + 0.601 aM1,, + ¢,

(0.0009)  (0.000012) (0.076)
0%, = 0.000006 + O0.616 02, + 0.298 €2,
(0.000003)  (0.128) (0.090)

Kurtosis and skewness in the standardized residuals:
kurtosis = 4.007 skewness = 0.068

Examination of nonlinearity in the standardized residuals: BDS statisties

Embedding dimension 2 3 4
BDS(e=1.0) -1.56 -1.59 -1.05
BDS (e=(.5) -2.23 -2,28 -2.25

Outlier/Intervention Model

AM1, = 0,0014 + 0.000048 t + 0.509 AMI,_,

(0.0008)  (0.000012) (0.056)

- 0.016 A01959Q1, - 0.016 I01959Q4, + 0.019 AG1979Q3,
(0.004) (0.005) (0.004)

- 0.029 101980Q2, - 0.048 I01980Q3, - 0.016 A01981Ql,
(0.005) (0.005) (0.005)

~ 0.014 A01982Q2, + 0.019 101982Q4, + 0.012 1851985Q1,
(0.004) (0.005) (0.003)

|
o

- 0.022 LS1987Q3, .015 A01989Q2,
(0.004) (0.005)




Table Al4 {continued)
M1
SEE = 0.0050, kurtosis = 3,424, skewness = 0.018

First ten autocorrelations of squared residuals:
-0.03 0.08 0.06 0.22 -0.05 0.05 0.18 0.06 -0.08 0.02

Ljung-Box Q for squared residuals: Q(12) = 19.496 (p = 0.0772)
IM Test for GARCH(O,4) = 10.704 (p = 0,0301)

BDS statisties for nonlinearity in the residuals

Embedding dimension 2 3 4
BDS(e=1.0) -0.37 0.14 1.00
BDS(e=0.5) 0.24 0,17 0.39

Notes: Data are in logarithms, Sample period is 1947Q3-1990Q2.

I0date, = 1 if t = date
0 otherwise

AOdate, = (1 - 0.509L) IOdate,

LSdate, = (1 - 0.509L) LSDUM,, LSDUM, = 1 > date
0 otherwise




Table AlS
ART and Intervention Models for M2

Basic ARI Model

AM2, = 0.0026 + 0.000026 t + 0.695 AM2, ,
(0.0010)  (0.000010) (0.057)

SEE = 0.0058, kurtosis = 6.124, skewness = 0,919

First ten autocorrelations of squared residuals:
0.15 -0.01 0.02 -0.06 -0.03 0.01 0.01 0.04 0.08 0.26

Ljung-Box Q for squared residuals: Q(12) = 20.198 (p = 0.0634)
IR Test for GARCH(0,1) = 3,630 (p = 0.0567)
. LR Test for GARCH(1,1) = 4.108 (p = 0.1282)

BDS statistics for nonlinearity in the residuals

Embedding dimension 2 3 4
BDS(e=1.0) 2.24 2.37 2.73
BDS(e=0.5) 2,78 4.31 5.41

Qutlier/Intervention Model

AM2, = 0.0015 + 0.00004 t + 0.701 AM2, ,

(0.0008) (0.00001) (0.053)

+ 0.014 101958Q2, + 0,017 101975Q2, + 0.017 A01980Q3,
(0.005) (0.005) (0.004)

+ 0.025 A01983Ql, - 0.014 LsS1985Q2,
(0.004) (0.003)

SEE = 0.0046, kurtosis = 2.935, skewness = 0.181

First ten autocorrelations of squared residuals:
-0.04 -0.00 0.21 0.06 0.11 -0.05 0.05 0.08 0.04 -0.06

Ljung-Box Q for squared residuals: Q(12) = 16.154 (p = 0.1843)
1M Test for GARCH(0,3) = 8.132 (p = 0.0434)

BDS statistics for nonlinearity in the residuals

Embedding dimension 2 3 4
BDS(e=1.0) 0.15 -0.14 0.43
BDS(e=0.5) -0.81 -0.79 0.52

Notes: Data are in logarithms. Sample period iz 1947Q3-1990Q2.
I0date, = 1 if t = date
0 otherwise
(1 - 0.701L) IOdate,
(1 - 0.701L) LSDUM,, LSDUM, = 1 if t = date
0 otherwise

AQdate,
LSdate,
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